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SYNOPSIS

This repo-t presents the background analysis that isg
intended to facilitate the UNIDO Secretariat to advise the
Goveruments of Egypt, Kenya and Nigeria to enable them to
launch an efficient system of collection/recovery and
recycling of refrigerant gases and to develop regional
guidelines for Africa as a vhole.

The report is presented in four volumes, as described
below

VOLUME 1 : EGYPT COUNTRY STUDY

VOLUME II : KENYA COUNTRY STUDY

VOLUNE 111 : NIGERIA COUNTRY STUDY

VOLUME IV : REGICNAL GUIDELINES & DATA BANK

Volumes I, 11 & 111 are structured similarly as under

- The first part deals with a national economic audit
on the pattern of import, demand and utilisation of
CFCs in each of the countries based on an extensive
primary survey. The audits, in turn, provide an
assesement of the potential quantity of CFCs that can
be recovered from various subsectors over the period
allowed for complying with the Montreal Protocol.

- The second part looks at various feasible technical
options and an analysis of the techno-economic
viability of setting up nation-wvide systems for
recovery and recycling along with calculations of the
net national economic benefits for each country for
implementing such systems.

- The next part looks at the framework required for
implementation, taking into account the technical,
economic, socio-political and legislative
environments in each of the countries.

Volume IV provides regional guidelines for Africa as a
wvhole and the structure for a regional policy making
oriented data bank. This volume reviews the analysis of
the three countries on a comparative basis to evolve a
generalised set of guidelines that could be used for
implementing collection/recovery and recycling prograames
throughout Africa to strengthen environmental and
industrial podicy and strategy in the region.

The findings of the study indicate that given adequate
financial support from multilateral agencies and wvwith
appropriate legislation and institutional strengthening
for Iimplementation, viable programmes for collection/
recovery and recycling of refrigerant gases can be set up
in each of the project countries and policy guidelines
can be established for Africa as a whole.
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EXECUTIVE SUMMARY

BACKGROUND

Ozone depletion and its after effects on the iife on earth
have become a matter of global concern. With the signing
of the NMontreal Protocol, the international community has
come together for taking the necessary steps to stop the
damage to the stratospheric ozone layer. This study has
been commissioned by UNIDO, as part of an ongoing project,
to cover the techno-economic assessment of the financial
viability of collection, recycling and/or safe disposal of
refrigerant gases and related materials. The field survey
has been carried out ia Egypt, Kenya & Nigeria, the
pro ject area countries to serve as a basis for
recommending policy guidelines for Africa as a whole.

CFC AUDIT & DEMAND FORECAST

A comprehensive survey was carried out in the three
project countries, covering in detail the airconditioning
and refrigeration sector, for assessment of the present
levels of consumption of CFCs in various sub-sectors.

The survey involvea contacting manufacturers, importers of
CFCs, service agencies, commercial inatallations as well
as professional bodies, associations and government
agencies such as Egyptian Environment Affaira Agency
(EEAA) in Egypt, National Environment Sectt.(NES) in Kenya
& Federal Environment Protection Agencv (FEPA) in Nigeria.

The total consumption of CFC-11 & CFC-12 in 1991 in Egypt,
Kenya & Nigeria is shown below in Table I.

IABLE - 1
CFC UTILISATION BY SUB-SECTCR IN 1991
(NT)
| EGYPT | KENYA | NIGERIA

[—=mmmmmmm |===mm~mmmmom f=mmmmmmmmm e
|CPC-11|CFC-12|CFC-11|CFC-12|CFC-11|CFC-12
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1. Refrigeration|
& Alircondi- |
tioning
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[~
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Table-I (Contd..)
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- ————— ——— - — i  —————— — - W W A W= -

| EGYPT | KENYA i NIGERIA

| =mmmmmm oo [==mmmmmommos |==ommmomom oo
JCFC-11|CFC-12|CFC-11|CFC-12|CFC-11|CFC-12

-~ Domestic & | 31 | - - 1 - 1 4.7 | 7.3
commercial | I | | | |
aircondi- | | | i | [
tioning i [ | ' | |

-~ Mobile | - | 89 | - | 6.5 | - ] 382.7
aircondi- | I | | | [
tioning | I | | | [

Sub-Total i 345 | 435 | 16.51 78.9] 71.7 | 471.3

2. Aerosols } 90 | 360 | 5 | 4 ,; - ] 150

3. Plastic Foams| 640 | 50 | - - | 280 |} -

Total | 1075 | 845 | 21.5) 82.9| 351.7] 621.3
| 1920 | 104.4 | 973

There 18 no significant consumption of CFCe in the solvent
sector as CFC-113 has been substituted by Carbon
Tetrachloride and Methyl Chloroform which are also
controlled substances as per the amended Hontreal
Protocol.

The major proportion of CFC consumption in all countries
has been in the air conditioning & refrigeration sector

(41%, 91% and 56% in Egypt, Kenya & Nigeria
respectively) due to the partial or complete switchover to
subgtitutes in the other sectors. The per capita

consumption of CFCs in Egypt, Kenya and Nigeria was 33.7
gms, 4.15 gms and 8.5 gme respectively in 1991,

The demand forecast for CFCe in the various sub-sectors of
refrigeration and airconditioning, based on Iindustrial

grovth rates, is summarised below Iin Table II, for the
benchmark years of the Nontreal Protocol.

TABLE - 11

PRESENT & PROJECTED DEMAND FOR CFCs IN THE PROJECT COUNTRIES

7.9 1229.8 | 15.3 11%6.0

: 199¢ 19% ¢ 2005 i 207 v
COUNTRY : : ! : :
ICFC-141CFC-12:CFC-14:CFC-127CFC-11:CFC-120CFC-11: CFC-12:CFC- 11 CFC-12
= Nev O3S M97.0 0479 14310 00! 0.0 0.0 0.0 0.0: 0.0
EGYPT - Recharging! 20 1248.0 | 25.0 i444.6 | 19.0 i276.7 | 17.% 1229.8 | 16.3 :156.0
! H

1075 845 i204.0 1454.7 | 19.0 :276.7

(1)
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Table-11 (Coatd.)

: 1422 B e @ 2005 ¢ 2007 i 2010
COUNTRY : : : : :

{FC-111CFC-120CFC-11ICFC-120CFC- 141CFC-12:CFC-11iCFC-123CFC-11:CFC-12
i~ New SIS 470 480 0.0t 00! 0.0 0.0:! 0.0: 0.0
KENYA i~ Rechirging: 0 :43.4: 0.0 499! 00:...°7" 0.0:290.7¢ 0.0: 12.2
- Total VA5 RYD AT AT 0013700 00078 0.0 18.3
i~ New t347 26 143214850 00! 2.0: 0.0: 0.0: 0.0: 0.0
NIGERIA - Recharging: 4.7:405.3 ! 4.2 i318.2: 0.0 i104.2 ! 0.0 :50.3: 0.0: 11.7
- Total ¢ HLT81.3 0 47,4 130,71 0.0 1104.2: 0.0 :50.3: 0.0 14.7

After 1997 the CFC demand will only be for servicing of
the existing population of CFC based equipment, as new
equipment production will be based on subatitutes rather
than CFCs.. Inspite of the phaaing out of equipment based
on CFCs, the CFC requirement is still above the Montreal
Protocol limits in the years 2005/2007.

As all the three countries are signatories to the Montreal
Protocol, the above demand projections, when viewed in the
context of compliance with the Protocol requirements,
shows that these countries have no alternative but to
plan, organise and implement programmes which will bring
down the recharging requirements for CFC based products.
This can only be achieved by putting in place, an
effective national system for <collection/recovery and
recycling, as well as substi.ution of CFCs.

EQUIPMENT FOR RECOVERY AND RECYCLING OF CFCs

Several manufactureras/users of these equipment vere
contacted and met by ¢the project team experts, to
understand the features and operations of the same.
Based on this, a comparative evaluation of the technical
features of various representative models of recovery and
recycling equipment was carried out.

In view of the fact that the volumes of CFCs handled by
typical individual enterprises in the project countries
are very small as compared to those in devaloped
countries, the 1low capacity portable models of the
recovery and recycling equipment would be most appropriate
for adoption in Egypt, Kenya and Nigeria.

The indicative price of a portable recovery equipment
(capacity upto 0.5 1b per minute) is US $ 1000, while that
of a recycling equipment (capacity upto 25 Kg per nour) is
US? 1400 only.

(iii)




IV

TECHNICAL OPTIOMS FOR COLLECTION/RECOVERY AND RECYCLING OF
CECs

The various technical options for collec*ion/recovery and

recycling of CFECs from the refrigeration and
airconditioning equipment wvere evolved taking into
consideration the present practices for repair and

maintenance of equipment in the four sub-sectors, viz
domestic refrigerators and deep freezers, commercial and
industrial refrigeration, domestic and commercial
airconditioning, and mobile airconditioning.

Basedi on the findings of the field survey and evaluation
of the equipment available for <collection/recovery and
recycling of CFCs, the technical options found relevant in

the specific context of the three countriea are as
follows :
1. Videspread use of plastic bags for collection of CFC-

12 during servicing of domestic refrigerators and
deep freezers

2. Recovery equipment to be installed at the workshops
of manufacturers/ass:mblers as well as large
servicing agencies

3. Recycling of the collected/recovered CFCs would be

ideally done by dealers/distributors/importers of
CFCs, who already have a network for supply to the
end users

The priorities for recovery and recycling of CFCs in the
three countries are as follows based on the CEC
consumption pattern and agsessment of recoverable
quantities for each sub-sgsector.

Country Sub-Sector

Egypt - Domestic refrigeration & deep freezers
- Mobile airconditioning

Xenya ~ Domestic refrigerators & deep freezers
- Commercial & Industrial refrigeration

Nigeria - Mobile airconditioning

- Domestic refrigerators & deep freezers

Considerations for Adoption of Recovery & Recycling
Equipmant

Local manufacture/assembly of the recovery and recycling
equipment in the project countries is technically feasible
but not commercially viable due to low volumew. To make
local manufacture/assembly in an African country viable,
it would be necessary to club local requirements with the
neighbouring cnuntries’ requirements. Therefore three or
four projects can be considered for Africa as a whole.

However, the necessary technical skills and competence
exist to operate and maintain the equipment, wvith
necessary training inputs being provided initially,

(iv)




Attsinable Reduction in CFC Consumption

Recovery and recycling programmes in each country will
help to reduce the CFC consumption substantially. The
maximum reductions attainable, based on 1991 field survey
data, are given in Table IIl below :

TABLE - 111

MAXINUM ATTAINABLE REDUCTION IN CFC CONSUMPTION
BY RECOVERY & RECYCLING (1991 DATA)

as % of recharging as ¥ of total
demand demand for
airconditioning
& refrigeration
gector
Egypt 58 28
Kenya 56 26
Nigeria 36 27

The maximum attainable reduction in Nigeria is the lowest,
as a percentage of recharging demand, because in the
mobile airconditioning sub-sector, which accounts for the
largest share of recharging demand in Nigeria, most of the
requirement is for leakage cases where the average
recoverable quantity 1is low, as a percentage of total
initial charge.

Recovery of CFCs from related materials (Insulation Foam)

The recovery of CFCs from insulation foam is logiatically
and economically not feasible Iin the project countries.
Reported initial estimates from developed countries
suggest that the overall cost of CFCe recovered from
domestic refrigerators would be nearly twenty five times
the cost of virgin CFC.

Safe Disposal of CFCs

Disposal of CFCs is not a practical propoasition for any of
the project countries as the facilities for thermal
incineration require very high capital investment (over
US$ 40 million) and hence can be juatified only if the
quantity of CFCa to be destroyed is of the order of 15,000
MT per annum. Even then the cost of destruction is about
USs 3000-3500 per NT of CFC making it economically
unviable.

ECONOMIC VIABILITY

The economic viability of the identified technical options

(v)
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for recovery and recycling was done at

a) Venture (individual enterprise) level
b) National level

Viability Analysis at Venture level

number of

|
|
[
|
I
Min economiceqtyl 261 Kg 11799 Kg
|
]
|
ventures possi- |
|

The first step in venture level viability analysis was to
establish the dimensions of the venture in terms of
equipment required, based on vhich the project investment
and means of financing were determined taking the current
prevailing norms in each country. The number of ventures
of each type for the three project countries were arrived

at as follows
TABLE - IV

MAXIMUM NUMBER OF RECOVERY & RECYCLING VENTURES IN TEE
PROJECT COUNTRIES

180 Kg 11266 Kg

117 90 19

Note : * Includes additional quantity collected
through plastic bags which is processed with
the help of portable recolvery equipment
inatalled at all the recycling ventures.

@ Taken as 25% higher than the break-even

volume

Based on the above and taking into account the findings of
the industrial field surveys carried out, the practical
number of ventures for each country were determined. The
viability analysis of ventures for the three countries is
nummarised in the Table V below :

(vi)

| EGYPT | KENYA | NIGERIA
f=m==mmmmmmmmmee f=====mmmmmm oo |===m==mmmm e
|Recovery| Recy- |Recovery| Recy- |Recovery| Recy-
jonly | cling jonly cling jonly | cling
—-mmmmme- | -======- |===g===|==-=====|mm==g--- J==mm=m- |===-5-
annual qty | 57 MT |211 MT| 16 NT 24 HNMT| 60 MT| 81 NMT|




TABLE - V

SUMMARY OF VIABILITY ANALYSIS AT VENTURE LEVEL

| EGYPT | KENYA | NIGERIA |
| ==mmmmmmmmmmmm e | ===mmmmmmmmmmmmne | ====mmmmmm e !
|Recovery| Recy- |Recovery| Recy- |[Recovery| Recy- |
lonly | cling |only | <¢ling lonly ] cling |
---------------- Rttt el Rttt Entetnbinteinted Eedetatetetbaindl Retatededeteted |
No. of ventures | 100 | 12 } 40 | 5 | 150 | 10 |
proposed (based | i ] | | | i
on indusatrial I i | | | I |
survey) | i | | | | |
| ] | | | | |
Project cost | 1352 3224 |} 1366 | 3244 | 1352 } 3223 |
per venture(US$)| I | | i I |
| | | | | | |
Cost per kg I 0.92] 4.10} 1.04 | 5.80 | 0.92] 4.47 |
of CFC processed| | [ | i | |
(us s) | | | | | | |
| | | i | | |
Break even }] 209 | 1439 | 145 j 1013 | 205 | 1306 )
quantity,kg | | | | | | I
I I | | | i |
Internal rate | i | | | | |
of return (IRR) | | | I | | [
[ | | i | | |
- on project | 23.5% | 78.9%| 27.9% | 75.6% | 47.2%] 97.7%|
} | | | | | i

cosat

- . S - D " — ————— - —— - A — —— — — - — —— -~ - —— - - -

The break-even quantity for recovery and recycling
ventures in Kenya are the lowest as compared to Egypt and
Nigeria, as the exiating selling prices of CFCs in Kenya
are the highest.

The promotion of these ventures will help each of the
countries to comply with the Montreal Protocol. Uhile
this would be almost total in Nigeria, in Egypt and Xenya
the recovery and recycling programme would have to be
supplemented by CFC banks or perhaps use of a drop in
substitute for recharging in the years after 2007.

At the enterprise level, the ventures for collection (by
plastic bags), recovery (by portable equipment) and
recycling will need to be supported with measures such as
exemption of import duty and provision of capital subsidy
on equipment, increase in Import duty on virgin CFCs,
and Government sponsored training and publicity compaign,
for these venture to become economically viable.

Net National Economic Benefit

The venture level analysis has been aggregated at the
national level for each country. The Net National

(vii)




VI

Economic Benefit has been worked out using the principles
of social cost benefit analysis. The annual costs and
benefits (at 1992 prices) have been assessed for the
periocd 1993 to 2010. A discounting factor of 2% has been
used to determine the "net present value” of the net
national economic benefit for each country, as summarised
in Table VI below.

TABLE - VI

NET NATIONAL ECONOMIC BENEFIT

- - — R S e — -

| EGYPT | KENYA | NIGERIA
-------- Pl Dttt L S e
In local|(-) LE 19.69 Mn|(-) KSH 13.52 Mn|(-) N 17.44 Mn

currency| | |
In US 8§ [(-) US$ 5.95 Mni(-) USs 0.48 Mn [(-) US $ 0.97 Mn

The net value for Egypt is particularly high owing to the
subsidy on plastic bags which is the major medium for
collection of CFCs from the largest sub-sector 1{.e.
domestic refrigerators.

This further confirms the fact that recovery and recycling
programmes in these countries have to bDe viewed as a
requirement needing financial support from international
agencies.

FRAMEUORK FOR IMPLEMENTATION

At present none of these project countries have an
appropriate legislative and inetitutional framework, with
respect to usage, recovery and recycling of CFCs.

The economies of these countries are characterised by low
rate of growth, adverse balance of payments situation and
dependence on imports in the manufacturing sector.

The public awareness and consumer pull is limited and at
the present level cannot be counted on to drive a recovery
and recycling progranme. Further, the existing
institutions are not geared up in terms of organisation or
training for coordinating the totil programme.

Ue recommend the following framework for implementing the
recovery and recycling prograsme :

1. Command and control measures
These measures are in terms of enactment of
legislation on practices in the following areas which

would be applicabie in all the countries.

- Sale of CFC and maintaining records of the same

(viii)




- Accredition/certification of users of CFC

- Obligation on the part of large installations
especially chillers and equipment manufacturers
to inatall recovery equipment

- Obligation of service agencies to recover CFCs

- Obligation on sellers of CFCs to buy back
recovered CFCs

- Obligation on service agencies to return a
certain proportion of recovered CFCs to be able
to purchase virgin CFCs

2. Financial Support NMeasures
These are -

- Making imported equipment and spares for the
recovery and recycling ventures duty exempt

- Providing grants/subsidies to entrepreneurs for
setting up ventures. The minimum subsidy to
make the ventures viable is 20%. However higher
subsidy of upto 50% can be considered by each
country depending on the priority to be accorded
for implementation.

- Increasing the price of virgin CFC by impoasing
higher duties so as to raise the price of
‘recovered’ CFC

- Free supply of plastic bags to accredited
service agencies

- Meeting expenses for training and promotion

- Meeting the costs of setting up a CFC bank when
~required

It is recommended that these costs should be met out
of a special fund created with the help of foreign

aid.
3. Institutional Strengthening

Ue have recommended that in each of the project
countries the exisating agency dealing with
environmental issues like EEAA in Egypt, NES in Kenya
and FEPA in Nigeria, create a separate department to
deal exclusively with the following in conjunction
with manufacturers associations and other bodies.

- Evolving codes of practice

- Providing technical Inputs through training

- Certification/accreditation of service agencies

- Assisting in start-up of ventures

- Collection and compilation of data on CFC supply
and use

- Running demonstration centres for recovery and
recycling equipment
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- Setting up of CFC banks (e.g. Kenya & Egypt)

- Organising public awareness programs

- Interveation in pricing of “recovered’ CFC

- Overall coordination & monitoring with industry
and multilateral agencies

Uhile the measures suggested by and large ara: common
for these countries, the differences in the
environment and industrial situation in each of the
countries, calls for some variations in approach.

While in Egypt legislation would be effective in many
areas, In Nigeria it would be financial incentives
that would evoke the stronger response.

The actual mix of measures and their timing in each
of the countries would finally depend on the level of
response and the speed at wvhich the respective
governments wish to implement the programme.

Vil COMPARISON OF COUNTRY CASE STUDIES & FORMULATION OF
REGIONAL GUIDELINES

The comparison of recovery a.d recycling programmes in the
three project countries is summarised in Table-VII below.

TABLE - VII

CEC RECOVERY AND RECYCLING - A COMPARATIVE ANALYSIS

- — —— i~ —— - S > m e - . AR D WS . . S — - W W e ——

CFC consumption
by sub-sector
cumulative for
1993-2010 (NMT)

Consumption (MT)

| |
} |
| |
| |
| |
- Domestic 5876.2 | 278.2 | 923
Fridges | |
- Commercial & 309 } 490.8 | 79
Industrial | §
Refrigeration | | I
- Commercial Air| 412 J - i 90
Conditioning | } |
- Mobile Air- | 1102 | 60.7 } 2826.2
Conditioners | | |
| | |
Total cumulative | 7699.2 | 829.7 ) 3918.2
| i |
| | |
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Table-VII (Contd..)
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Cumulative total |
recharging i
requirement from |
1993 to 2010 (HMT)I
|

- a8 a ¥ of total|
consumption ]

Max. CFC Recove-
cable by sub-
sector from

1993 to 2010 (NMT)

I
|
I
|
|
|
- Domestic i
Fridges i

- Commercial & |
Industrial i
Refrigeration |

|

- Commercial Air|
Conditioning |

|

|

|

|

|

|

- HMobile Air-
Conditioners

Total

Practically
recoverable quan-|
tity (including |
collection using |
plastic bags)from|
1993 to 2010 (MT)|
|
- as & ¥ of total]
consumption |

- as a % of
recharging
requirement

Type of service
set up in each
sub-sector

- Domestic
Fridges

6131

79.6%

3084

133

46

566

3829

1764

22.9%

28.8%

Small repair

agencies

(xi)

87.7%

26

404.5

253

ers’ servi-
ce deptt.
plus small
agencies

85.2%

422.1

23.4

17.1

1005.7

1468.3

817

20.8%

24.4%

Manufactur-
era’ service
deptt. plus
small agen-
Cies




Table-VII (Contd..)
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Manufacture-| Manufactur-| Manufactur-

- Commercial &

value of CFC
saved (in USS)

|
|
Industrial | ra service | ers’ servi-| ers’ service
refrigeraters | network ] ce deptt. | deptt.
| i |
- HMobile Air- | Garages of |Big Garages/| Garages of
coniditioners | various | agencies | various
| sizes i | sizes
| | |
Total Project | 173,888 i 70,860 | 235,030
Inrastment(inUSS)| ) }
| I {
Average annual | 215,606 | 35,159 } 100,889
| | |
| | |

Further, the evaluation of the country case studies brings
out the following :

a) The present industrial infrastructure is poor and
manufacture of CFC based equipment is dependent on
import of components as well as CFCs. Hence the
substitutich with non-CFC based equipment in

manufaucture of new equipment would take place in
line with the developed countries.

b) However, economic pressures would motivate extended
uge of existing CFC based equipment, regulting in
continued requirement of CFCs for recharging.

c) Ir all cases, technical options identified are
similar. These are

- Use of plastic bags for collection of CFCas fronm

domestic refrigerators
- Recovery equipment for recovering CFCs from car

airconditioners and commercial refrigeration
systenms
d) In all cases, recycling would be ideally undertaken
by the CFC suppliers as they have the necessary
infrastructure for collection, storage and
distribution.
e) All countries would have to import the recovery and

recycling equipment, hence the project cost for
ventures is similar.

£) Ue have found that recovery and recycling ventures
can be made viable by giving adequate financial
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VIII

support and instituting an appropriatea pricing
mechanism for collected/recovered and recycled CFCs.

&) In all countries, the present organisation under
respective environmental agencies requires to be
strengthened for implementing and monitoring ¢f the
CFC recovery and recycling programmes.

h) Existing legislative framework in each of the
countries is inadequate with respect to CFC
utilisation. This calls for necessary legislation to
be enacted to cover the following :

- Sale & purchase of CFCs

- Formulation and implementation of codes of
practice in manufacturing as well as servicing

- Collection/recovery of CFCs by service agencies
and purchase of the same for recycling and sgale
by the selling agencies

i) Need for emphasis on increasing public awareness to
make the collection/recovery and recycling programmes
successful .

REGIONAL CUIDELINES FOR AFRICA AS A UHOLE :

Based on the above comparative assessment of country case
studies, the .egional guidelines for Africa as a whole
have been formulated, as detailed in Volume IV of this
report.

Some of the significant guidelines are¢ :

1) As African countries do not manufacture CFCa, the
oaly technical option to reduce CFC consumption/
emigsions is through implementation of viable CFC
collection/recovery and recycling programmes.

2) Each country would require to have an organisation
identified or created to implement the <collection/
recovery and recycling programmes. This can be
achieved by Institutional strengthening of any

existing agency involved in environmental issues.

3) Financial support by the concerned Government for
making the recovery and recycling activity viable at
venture level would be required.

The national Governments would in turn need support
for funding this programme from external sources,
i.e. multilateral fund created by the international
community.

4) The number of recovery and recycling ventures and

formulation of an overall National System will
require a detailed audit of CFC consumption and a
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study of manufacturing and servicing practices in
each country.

5) The audit data would need to be analyssed for
prioritisation of sub-sectors for implementing the
recovery and recycling programme. This would be
based on the assessment of the quiantities of CFC
handled and geographical dispersion of users as well
as gervicing agencies.

6) A national data base would need to be created for
each country which would comprise of data on
enterprises, sub-sectors and sectors of industry
uging CFCs.

REGIONAL DATA BANK

The data base for each country can be integrated into a
Regional Data Bank, the structure for which has been
discussed in detail in Volume IV of this report, and
summarised below :

Level 1 : Enterprise level - which would have data on the
activity of individual
enterprises and the
particulars of CFC
consumption and utilisation.

Level 2 : Sub-sector level - containing aggregation of
enterprigse level data and

sub-pector specific data.

Level 3 : Sector level - containing an aggregation of
guh-sector level data plus
sector specific data

Level 4 : National level - in which the data will be
aggregation of sector level
data as wvell as country

specific data.

From the experience of the project country studiea it may
be said that the one time audit of CFC supply and use in
different African countries integrated into the Regional
Data Bank can provide sufficient data at the enterprise,
sub-sector and sectoral levels for agsistance in
formulating required policy measures.

CONCLUSIONS

The findings of the study indicate that given adequate
financial support from multilateral agencies and with
appropriate legislation and institutional strengthening

for implementation, it is technically, economically and
organisationally feasible to have viable programmes for
recovery and recycling of refrigerant gases in Africa.

(xiv)




BACKGROUND

CHAPTER - 1

INTRODUCTION

There is overwvhelming scientific evidence to indicate that
damage to the ozone layer is being caused by
chlorofluorocarbons (CFCs) which are used in refrigeration
and airconditioning equipment, aerosols, plastic foams and
cleaning solvents.

Ozone depletion can lead to increased high energy ultra
violet radiations on earth which can result in major
problems such as increasing human skin cancer, disrupting
the aquatic food chain and adversely affecting food-crops
production. In addition, CFCs are generally held to be
responsible for some one fifth of global warming.

In response to worldwide concerns on depletion of the
ozone layer, CFC control measures wvere agreed upon at
Montreal in 1987 in an international agreement now
commonly referred to as "Montreal Protocol”™. The Protocol
came into force in 1989 and was further strengthened in
London in 1990.

The ‘Open ended working group ot the parties to the
Montreal Protocol’ recommended that *Country specific
studies’ be carried out in developing countries in order

to understand their specific needs and to estimate the
cost of assistance required to comply with the Montreal

Protocol.
As a contribution tc these efforts UNIDO has embarked upon

a project - US/RAF/90/173 with the following 9 sub-
programmes with specific reference to countries in Africa.

1. Industrial Country Studies
2. Induvstrial Sub-sector Background Analyses
3. Techno-economic Appraisal

q. Identification of Industrial Enterprises producing/
agssembling CFC-based Products

5. Deployment of Methodology to Appraise Techno-economic
Viability and Costs of Substituting Technology

6. Test Methodology to determine cost of replacement

7. Revise Methodology and Computer Software




8. Determine the Cost of Substituting Technologies

9. Funding the Technology Substitution

The first two sub-programmes have been completed and they
have brought out that the greatest impact on reductions in
CFC consumption in African countries can be made through
adoption of efficient recovery and recycling systems of
the coolant gases - CFC 11 and CFC 12 wused in the
refrigeration and airconditioning sector.

STUDY OBJECTIVES

The present project has been asgsigned to Mantec
Consultants Pvt Lid, India vide UNIDO letter dated 28th
October, 1991. This forms the sub-programme no. 3 of the
above project US/RAF/90/173 and is aimed at "Techno-
economic Asscssment of the Financial. Viability of the
collection and safe disposal of refrigerant gases and
related materials”. The aims of this assignment are.

- to carry out the background analysis required to
allow the UN'DO Secretariat to provide the
Governments of three (3) representative African
countries : Egypt, Kenya and Nigeria, with policy
advice to enable them to enact an efficient system of
collection, recycling and/or safe digposal of
refrigerant gases and allied materials;

- to provide the basis for the development of a
generalised set of technical, economic, political and
legislative guidelines valid for Africa as a whole
and to strengthen environmental and industrial policy
and strategy in the region.

In 1990, UNEP conducted a country gtudy titled "Ozone
Layer Protection Kenya case study on costs and
strategies”™ for Kenya.

This project takes off from this stage and concentrates on
3 countries - Egypt, Kenya and Nigeria to serve as a basis
for development of a generalised set of guidelines for
Africa as a whole. These three countries are signatories
to the Montreal Protocol, and fall in the category of
"Develsping Countries” as defined in the Montreal Protocol
as their per capita CFC consumption is far less than 300

gms. per annum.




STRUCTURE OF THE REPORT

The project report covering the studies related to Egypt,
Kenya and Nigeria, is prepared in four volumes, as under:

Volume- [ - Egypt Country Study

Volume I1 - Kenya Country Study

Volume III - Nigeria Country Study

Volume 1V - Regional Guidelines & Data Bank

Each of the volumes I, Il and III are structured in such a
way that it bYecomes a stand alone comprehensive report of
that country, but yet <carries with it the overall
Executive Summary and Conclusions, which cover all three
country studies. This arrangement permits each country to
have its own report but also permits the policy makers of
the country to have an overview of the variations from one
country to another.

Volume IV carries the regional aspects and provides a set
of guidelines and inputs for a policy-making oriented data
bank to assist international agencies in formulating a
regional policy for recovery, recycling and disposal of
~“FCs used in the refrigeration and airconditioning
equipment.

APPROACH TO THE STUDY

The overall approach adopted is outlined below :

Step I : Comprehensive CFC Audit, to ascertain

- Total supply of CFCs

- CFC consumption pattern (by sub-sector)

- Unit CFC consumption norm (by equipment)

- Estimation of New and Recharging demand (by sub-sector)
- Physical distribution of suppliers/users

Step I1 :  Demand Forecastirg for airconditioning and
refrigeration sector (upto year 2010)

- By equipment type and by sub-sector

- New and Recharging demand for CFCs

- Assessment of technically feasible quantities for
recovery and recycling (by type of equipment)

- Practically Recoverable quantities

- Implications on compliance with Montreal Protocol

Step III : Technical options for Recovery, Recycling and

Safe Disposal

- Schemes for recovery & recycling in various sub-
sectors

- Equipment selection

- Logistics and other aspects of technical feasibil.ty




Identificaticn of types of ventures & framework
national system for recovery & recycling

Step IV Economic Viability Analysis

At venture as well as national level
Sengitivity Analysis

Step V : Framework for Implementation

Present Scenario
Proposed measures such as Legislative, Financial
support, Market measures, Institutional framework

The basic collection of data has been based on a
comprehensive field survey of industrial enterprises,

professional bodies and associations, as well as
government organisations etc.. Suitable
questionnaiies/check lists wvere used for obtaining the
necessary information from various sources. Discussions

were also held with relevant international organisations
including UNEP, World Bark, etc.

Considerable effort was put in towards collection of
secondary data from various sources. A list of various
reports/documents specially <collected and studied is
enclosed at Appendix 1.1.

Besides the project team exparts, nationals from the
country were employed as sub-contractors, to facilitate
the conduct of the study and to have local participation,

Bagsed on the field survey, secondary data collection and
useful discussions with key officials and country
experts, this report analyses and presents the findings
and recommendations in line with the ob jectives.

A brief resume of the coverage is given below

a) Useful discussions were held with Mr Bjarne Larsen,
Programme Officer and HNr Paul Mwake, Consultant,
UNIDO; Mr Tore J Brevik, Chief, Information and
Public Affairs and Mr Naigzy Gebremedhin, Chief, TAEB
of UNEP as well as Mr K M Sarma, Coordinator Ozone
Secretariat, and Mr Yusuf J Ahmad, Ad-isor, UNEP.
Meoetings were also held with Mc B O K’omudhu, MNr
Mugo, Director, Mr F N Kihumba and Mr Mungai cf the
National Environment Secretariat.

The role and significance of NES and UNEP are given
below

National Environment Sectt.(NES)

NES is a Kenya Government Department under the




Ministry of Environment and Natural Resources. The
Secretariat is mandated with technical matters
related to the resolution of environmental and human
settlements issues.

NES is instrumental in formulation and implementation
of various policies, programmes and projects related
to various environmental issues in Kenya. As Kenya is
a signatory to the Montreal Protocol, NES is
entrusted with the role of developing strategies and
methodologies and plays co-ordinative and catalytic
role in their implementation.

United Nations Environment Programme (UNEP)

Head-quartered in Nairobi, it is the apex co-
ordinating body for implementing the Montreal
Protocol. The OZONE SECRETARIAT set up under UNEP,
has specifically the role of facilitating
internatiounal co-operation in the protection of the
ozone layer, while also monitoring the implementation
ot the Montreal Protocol.

b) A list of various organisations and persons contacted
during the fiald survey is enclosed at Appendix -
1.2.

STRUCTURE OF THE VOLUME II - KENYA COUNTRY STUDY

This volume is set out as follows

An executive summary i3 provided in the beginning giving
an overview of the findings and conclusions of the overall

study.

Chapter 2 provides description of the present supply and
utilisation; future demand projections; and recoverable
quantities of CFCs, wupto the year 2010, which 1is the
terminal year for complete phasing out of CFCs as per the
Montreal Protocol. It also provides an overview of the
physical distribution of the suppliers and users of CECs
in Kenya.

Chapter 3 provides details about the various types of
equipment available for recovery and recycling of
refrigerant CFCs.

Chapter 4 describes the relevant technical options and the
feagible sgtructure of the national level programme for
recovery and recycling of CFCs.

Chapter 5 descrites the Eronomic Analysis of the ventures
for recovery and recycling, at the enterprise as well as
the national level. This cnalysis includes computation of
Net National Economic Benefit.




Chapter 6 deals with evolving a framework for
implementation of the recovery and recycling programme in
Kenya.

Chapter 7 presents the overall conclusions of the study.




CHAPTER - 2

CFC AUDIT AND DEMAND FORECAST

INTRODUCTION

A detailed national CFC audit was carried out. Maps of
Africa and Kenya are enclosed at Appendix 2.1 (A) and (B)
for ready reference, showing the location of the country
and also the important cities/towns in the country. As in
Kenya there is no manufacture of CFCs, and there are no
significant exports of CFCs or CFC based products, the
consumption in the country is approximately equal to the
import of CFCs.

The consumption, has therefore been worked out on the
basis of import of TFCs (supply side approach) as wvell
as utilisation/demand of CFCs in each sector, which
in turn are estimated by building up sub-sectoral
demand profiles (demand side approach). The import
and utilisation of CFCs are estimated through a
comprehensive survey carried out by the project team.
The survey covers the following :

- Primary sources such as :

* importers/distributors of CFCs
* end users viz manufacturers/assemblers/
importers/servicing agencies/installacions of

CFC based equipment/products

* industry experts, associations and government
bodies

-~ Secondary dfta sources including government bodies
and associations

The CFC Audit has been done for the ‘Airconditioning and
Refrigeration’ Sector, which is the largest and most
important consumer of - CFCs in Kenya, and hence was

identified by UNIDO for a CFC audit.

The findings of the survey are presented in the sub-
sections which follow :

SUPPLY OF CFCs

Source of Supply and Infrastructure

The entire requirement of CFCs in Kenya is met through
imports.




The three main importers in Kenya (and their principals)
are :

1. Twiga Chemical Industries Ltd (ICI, UK)
2. Hoechst East Africa Ltd (Hoechst, Germany)
3. East African Oxygen Ltd (Du Pont, Germany)

In addition, CFCs are also imported from Galco Ltd,
Belgium, by Refrigeration Contractors Ltd., for their
captive consumption in airconditioning and refrigeration
contracts and also for supplying tc other small users such
as assemblers and servicing organisations. Some of the
companies such as Premier Refrigeration & Engineering Co.,
Nairobi Afrigas, etc. import their requirements directly
alongwith the components etc.

Refrigerant gases also find their way into Kenya through
import., although limited, of refrigerators,
airconditioners, etc.

Level of Imports

The level .of imports of CFCs and refrigerant gases in
Kenya is summarised in Table - 2.1.

TABLE - 2.1

IMPORT OF REFRIGERANTS IN KENYA (MT)

TYPE 1989 1991
CFC-11 30 18
CFC-12 200 79
HCFC-22 50 56
Others
(502 etc) N.A. 5

280* 158

* ‘excluding 'others’
N.A. : Not available

Source : 1. 1991 data based on field audit
covering importers of CFCs.
2. Past data (1989) from studies
conducted by UNEP & UWorld Bank
missions.




.2.

The share of imports of refrigerants in 1991 by xndxvxdual
importers is given in Table - 2.2.

TABLE - 2.2

MARKET SHARE OF IMPORTERS OF CFCs IN KENYA

- Twiga Chemicals 25%
Ind. Ltd (ICI)

- Hoechst East- 15%

frica Ltd

(Hoechst)

- East African 36%
Oxygen Ltd (EAO)
(Du Pont)

- Refrigeration 133
Contractors (Galco)

- Other direct 11%
imports = ===--

Total : 1003
The three main importers have their own refilling

facilities, Hoechst in Nairobi and EAO & Twiga in Mombasa,
where the refrigerants are transferred into cylinders from
1 NT containers.

The distribution is organised through a network of dealers
as well as own outlets of the importers covering the major
towns of Kenya.

Prices
The current CIF and retail selling prices of the
refrigerant gases in Kenya are shown in Table - 2.3.

TABLE - 2.3

CURRENT PRICES OF REFRIGERANTS (1991) IN KENYA

REFRIGERANT CIF CUSTOM DUTY RETAIL PRICES
(US $/KG) (%) * (KSH s PER KG)
CFC-11 1.50 31.25 80
CEC-12 2.2-2.5 31.25 130 - 220 **
HCFC-22 3 31.25 200

Exchange rate US$ 1 = KSH 28

* Duty @ 25%. and Value Added Tax (VAT) @ 5%

** CFC-12 1is sold in containers of various sizes ranging
from 13.5 Kg. to 65 Kg. Hence the price per Kg shows a
wide variation.

(Source : Importers/Dealers)




2.3

2.3.1

OVERVIEU OF THE USER INDUSTRY

Airconditioning & Refrigeration

a)

Domestic Refrigerators & Deep Freezers :

There are four major assemblers of domestic
refrigerators and deep freezers in Kenya, whose
production levels are indicated below :

Annual production (1991)

(Nos.)

-~ Premier Refrigeration 5000
- Nairobi Afrigas 6000
- Sanyo Armco 4200
- Kamco 800
Total : 16.000

The daily production levels are thus very low and
automation in the plants is rinimal.

In addition to the above, about 4000 nos. assembled
refrigerators were also imported, with pre-foamed
cabinets. Hence the total demand of domestic
refrigerators & deep freezers in Kenya is estimated
at about 20,000 units during 1991.

The useful service life varies between 15 to 20
years. For the purpose of this report, the life
expectancy is taken as 20 years. The existing stock
of domestic refrigerators and deep freezers in Kenya
is estimated at about 335,000 units based on imputed

demand in thz past years.

The most popular size in Kenya is 6 cubic feet
capacity (Single door). However, the range is from 5
cu ft to 10 cu ft.

The norm of unit consumption of CFC-11 for foam
blowing (insulation) is about 600 gm but the actual
usage is about 10% higher due to wastages and
rejections.

The refrigerant charging norm per unit ranges between
75 gm to 250 gm dapending upon the size, wvith average
charge of 120 gm. However, the actual data from the
users gives an average per unijt consumption of 300 gm
of CFC-12 due to the low levels of production
resulting in high losses in handling and
rejections/rewvorking.
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b)

Similarly the actual per unit consumption for
recharging is about 350 gm (CEC-12) due to excessive
usage for leak testing, flushing and cleaning and
also inefficient handling. About 12-13% of the
population of refrigeratcrs require recharging every
vear due to compressor failure or leakages.

Commercial and industrial Refrigeration

The main refrigerant used in various commercial and
industrial refrigeration installations is CFC-12 and
the major types of equipment are described below :

- Cold Rooms/stores and commercial deep freezers :

These are used in Hotels, Fisheries, Butcheries,
Mortuaries, food and horticultural crops
storage, etc. There are a3 large number (about
8000 nos) of cold rooms of various capacities
representing a total refrigeration capacity of
about 35,000 to 40,000 tonnes. Some of the cold
rooms/stores for very low temperature
applications are operated on CFC-502, but such
installations are very few.
The major contracting companies engaged in
design & fabrication are Hall Equatorial, Daikin
Kenya, Refrigeration Contractors, Gilfilian
Technical Services, Remco Ltd and Refrigeration
Centre.

The average charging norm is 6 Kg of CFC-12 per
unit, but the actual quantity used, based on the
user's data, is about 9 Kg per unit, due to high
losses/wastages.

The average life expectancy of cold rooms/cold
stores is 20 years. About 6-7% of the
population of equipment require recharging every
year. The recharging is normally done at the
site, and hence the quantity of CFC-12 per wunit
is about 15 Kg, including the use for
flushing/cleaning and leak detection. Further,
about 25% of the equipment require topping up
every Yyear to the tune of one third of the
initial charge.

- Display Cabinets/Chests and Bottle coolers These
are used in Departmental stores, retail outlets
etc. Total population is about 18,500 units and
annual production is about 2500 units of which
the major share (about 50-605) is of Premier
Refrigeration and Engineering Ltd.
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The CFCs used for display cabinets are CFC-11
for insulation foam and CFC-12 as refrigerant.
The consumption norm for CFC-11 is about 1.3
Kg/unit, including the wastage factor of nearly
20%, which is mainly due to 1lack of high
pressure foaming facilitjes. The actual CFC-12
consumption is two and a half times the norm of
0.5 Kg/unit.

About 4% of the population require recharging
every year due to compressor replacement or
leakage repair in the refrigeration system. The
average unit consumption in recharging is about
2 Kg of CFC-12, because the same gas is used for
flushing and leak detection. Nearly 25% of the
equipment require topping up once or twice in a
vyear, to the extent of half the initial charge,
i.e. about 250 gms.

Other small refrigeration equipment, including
ice makers and commercial retail equipment have

an average unit charge of 0.5 Kg. The demand is
of the order of 12,000 nos. per annum. The
consumption norm for charging and recharging

are in the same range as for display cabinets
etc.

Process industries (brewveries, beverages,
plastics, engineering industries, etc.) ugse an
estimated 5,000 tons of refrigeration, mostly

based on ammonia and HCFC-22 but these are not
controlled substances and not relevant.

Mobile Refrigeration

* Railway wagons (for trangportation of
perishables, restaurant cars):

There are only 35-40 such wagons which hold
a refrigerant charge of 7 kg/unit.

* Refrigerated containers for sea freight:

About 50 such containers are in use,
constituting a total of about 100 Tonnes of
refrigeration.

* Few refrigerated commercial vehicles
(mostly these are cooled with ice blocks).

The average consumption of CFC-12 is about 12 Kg

per unit. In addition about 300 Kg per year is
consumed for recharging, due to high incidence

12




c)

d)

of leakages (about 15% of population) for which
the average consumption is about 20 kg of CFC-12
per unit. In case of minor leaks, only topping
up is done which requires another 100 Kg per
year.

In Kenya, the design, fabrication, installation and
maintenance of commercial refrigeration equipment 1is
done by contracting companies. There are about 10
companies, accounting for about 85-90% of the
installations.

Domestic & Commercial Airconditioning

Almost the entire comfort airconditioning systems
(central plants as well as window/split type units)
used in Kenya are based on HCFC-22 refrigerant.

Central airconditioning plants are mainly installed
in the five star hotels (about 20), and in some of
the office buildings (estimated at about 10-12). The
total capacity of central airconditioning plants in
Kenya is estimated at 27,500 - 30,000 TR. All
central airconditioning plants are based on
reciprocating compressors.

The installation of the equipment is carried out

mainly by the same contracting companies which are
active in the commercial refrigeration sub-sector.

Mobile Airconditioning (Cars)

There are three vehicle assembly plants viz, General
Motors, Associated Vehicle Assemblers (AVA) and Kenya
Vehicle Assemblers (KVA). The latter two are
asgsembling cars of 5-6 international makes based on
imported kits.

The number of cars fitted with airconditioners every
year is about 1500 only, which constitutus about 7%
of total additional vehicles each year. The average
refrigerant charge is 1.2 kg/car, although due to
very low volume of production of airconditioned
cars, the actual per unit consumption is about 3 Kg
of CFC-12, in view of the high losses and wastages in
handling.

The total population of airconditioned vehicles in
Kenya, is around 9,500 nos, which represents a bank
of about 12MT of CFC-12. The estimates from servicing
agencies show that only about 5-6% of the car
airconditioners are brought for recharging, mostly
due to leakages. The incidence of leakages is
actually much higher but often the owners do not get
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these repaired as the airconditioners are rarely used

due to the good weather conditions in Kenya. The
average per unit recharging norm for CFC-12
consumption is about 3 Kg. In addition to

recharging, about 5% of the <car airconditioning units
require topping up for which a total of about 200 Kg
of CFC-12 is consumed.

It may be noted from the above that the average unit
consumption norm for initial charging (in new equipment
production) and for recharging are about the same,
wvhereas, in other countries the recharging norm is much
higher than initial charging. This is explained by the
fact that in Kenya, the 1level of activity for new
equipment production is very low and most of the
manufacturing consists of piece by piece assembly. Hence
the types of facilities & practices employed by OE
manufacturers are similar to those of service/repair
agencies.

In view of the above, there can be a substantial reduction
in CFC consumption by improvement in facilities and code
of practices in the airconditioning and refrigeration sub-
sector.

The computatidn of new and recharging demand for each sub-
sector in refrigeration and airconditioning in Kenya is
enclosed at Appendix - 2.2.

Profiles of major enterprises in the airconditioning and
refrigeration sector have been enclosed as per Appendix
2.3.

Aerosols

It was found that all the major aerosol manufacturing
companies have already changed over from CFCs to
propane/butane as propellants on their own initiative
mainly due to economic viability of switching c¢ver.
Although accurate figures were not available, indications
are that a few small aerosol fillers (for cosmetics
products) are still using CFCs and the consumption is less
than 10 tonnes. '

Plastic Foams (Other than for Refrigeration)

The major usage of CFCs in this sector upto 1989 was in
the manufacture of polyurethane foams for flexible
slabstock applications. However in 1990-91, the Kenya
Bureau of Standards Introduced a requirement that the
density of foam must be no less than 22 Kg/cu.m. As a
result all the major manufacturers viz Bobmil Industries,
Foam Plastics Ltd, Megh Cushion Industries, etc. have
already switched over to use of methylene chloride as the
blowing agent in place of CFC-11.

14




Solvents and Degreasing Agents

The chemicals mainly used for these applications are
methyl chloroform and carbon tetrachloride. The wuse of
CFC-113 is negligible and hence this sector was not
investigated for this study.

UTILISATION OF CFCs

Based on the CFC consumption norms in each sub-sector as
elaborated above, the present consumption of CFCs in the
various sectors/sub-sectors for new as well as recharging
demand has been detailed in Appendix 2.2, which also
describes the frequency and types of failures in various
refrigeration and air-conditioning equipment. The summary
of the sub-sector wise utilisation of CFCs is given in

Table - 2.4 below :

TABLE - 2.4

CFC UTILISATION BY SUB-SECTOR (1991)

! SECTIR 1SUB-SECTGR : UTILISATION : URIT CNSUPTION &
H : : : : AND COSENTS :
: H POCRC-11 T X T CORC-12 % :
: Air Conditioning:Domestic Vam N I iCFC-11 used for insulation:
i § Refrigeration :Refrigeratlion : : : : ifoam-average 650 gas/unit :
: ‘8 Deep Freezers ! : : ; 1CFC-12 for charging 300
: : : H : ' gas/unil), The above nora :
: i~ New Deaand HE(: B A : 6 includes wastages. Rechar-!
: - Recharging . H L B2 iging - 350 ga of CFC-12.
: : : : : : i- About 20% of fridges are!
: i- Sub Total V0.5 890 2T 248 1 imported pre foamed :
: Consercial & ; : : H Unit consuaption noras :
: Industrial : H : : i (New} :
; Refrigeration : : : : iCold Rooas otc. :
: : : : H : - CFC-11 - 2 &g :
' i- New Denand : : HE - -CFC-12-9 kg :
: i- Recharging : : v 2T iDisplay Cabinets :
' ; ; H ; ' - CFC-11 - 1.8 kyg :
: - Sub Total | B0 5170 &8 -(FC-12-1.5 kg :
: : H : : : Mobile :
: ' ' ; : ; - CFC-12 - 12 &g :
: : ' : H ' i0ther :
' H : : : ; - CFC-12 - 1.25 kg :
: : : : ' : iRecharging (CFC-12) H
; ' : : : : i~ Cold Rooas - 15kg !
: : : : ' : i~ Display Cabinels- Zkg
: : : : : H +- Mobile - 20kg
: H : : ' ; i- Others - 1.5kg |
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Table - .4 {Conid

}

v SECTGR {SUB-SESTGR : UTILISATIGN : WNIT CONSIMPTION &
H : : : : D CONENTS :
: : HE 2ol § R S « (SR I S :
: iSeaestic & : H : : iMost of the aircondilioni-:
: iCommercial ; : : : ing is operated on HCFC-22.!
: iAlr conditioning [ - to- 0 Ny - :
H Mabiie Refrige- : : : i-Cars average 3 Ky/ H
: iration & : : : : + vehicle (CFC 12) :
: iAlr Conditioning H : : : :
: i~ New Demand I : HEE 5 : :
: i- Recharjing P H i 2 H : :
H - Sub Total : : P65 18 :
: 1 Tatal V1S T 789 I ;
i Aerasols Casmetics S : . D :
: iPesticides : ; : : iSubstitulion by LPG being !
: : : : H ‘ cinpleaented :
: Total P05 < D ;
¢ Plastic Foams [Foiyurethane . i - v - 1 = iFuli substitelion by :
: Paiystyrene . - 1 = 1 = Methylene Chloride is :
H : : : . : (ciained :
: Total - R A S H
. Solvenls : V- e ¢o- :
1 Total ; POo2LS 100 ¢ &.9 00 :

The detailed workings for computing CFC demand are shown in Appendix - 2.2.
- The table is as per the UNIDO format given al Annexure II of lerms of reference.

The utilisation of CFCs is slightly higher than the import
figures, due to the fact that CFCs are also imported as
part of the equipment, i.e. pre-charged compressors, pre-
foamed cabinets for refrigerators etc.

PROJECTED DEMAND OF CFCs BY SUB-SECTOR

The following steps were followed to estimate the future
demand :

Step - 1 : Future demand and population for
airconditioning and refrigeration equipment
was estimated based on the expected growth
rate of the various industrial sectors/sub-
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.5.

sectors. The methodology adopted for demand
projection is given in detail as per
Appendix 2.4.

Step - II : Phase out of CFC based equipment has been
worked out on the basis of the present trends
and awareness among the industry regarding
substitutes for CFCs, as well as certain
assumptions regarding availability of
compressors based on substitute refrigerants.
As Kenya does not have any manufacture of
CFC, nor of compressors, it is expected that
the phase out of CFC based equipment will
start as early as 1992 for commercial
refrigeration equipment which can easily be
designed for operating of HCFC-22. For other
equipment such as domestic refrigerators and
mobile airconditioners also, the phaseout
will commence by 1995 and complete changeover
to non CFC based equipment will be achieved
by 1997. This of course is dependent wupon
the availability of compressors (based on
substitute refrigerants) as well as the
substitute refrigerants themselvea. This |is
because most units are carrying out only
agssembly operation. The manufacturing
facilities would therefore require changes,
primarily new equipment for charging, foaming
and leak detection. The impact of phase-out
on demand and population of CEC baged
equipment has been therefore incorporated in
the computation of projected demand for CFCs.
Similarly, the demand of CFCs for aerosols,
foams and solvents is expected to be
completely phased out by 1992-93, and hence
thereafter the CFC consumption will be only

in the refrigeration and alrconditioning
sector.
Step - I11: CFC refrigerant quantities were estimated for

both original equipment as well as recharging
demand, on the basis of present (1991) unit
consumption norms estimated through field
survey.

The projected demand and population figures for CFC based
airconditioning & refrigeration equipment as well as
demand for CFC refrigerants (New and recharging) for each
sub-sector have been worked out in Appendix 2.5 and
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more significant reduction in demand of CFC would be
achieved if a recovery and recycling programme is
initiated.

The impact of the recovery and recycling programme 1in
enabling compliance with the lMontreal Protocol is brought
out in the subsequent sections in this report.

PHYSICAL DISTRIBUTION OF CFC SUPPLIERS AND USERS

Supply :

The CFCs are imported in Kenya by two types of
organisations -

a) Subsgsidiaries/associates of foreign manufacturers of
CFCs.

As indicated earlier in section 2.2.2 there are three
such companies accounting for over 75% of CFC
imports. All of these companies are located in
Nairobi. Two of them (East African Oxygen & Twiga)
have their refilling facilities in Mombasa while
Hoechst's facility is in Nairobi itgself.

b) Importers who are also users of CFCs :

The two major companies in this category are M/s
Refrigeration Contractors and Premier Refrigeration &
Engineering Ltd. (including their group companies).
Refrigeration contractors is 1located in Naircobi
whereas Premier Refrigeration is located in Nakuru.
The other group companies of Premier Refrigeration
are Kenya Cold Storage, located 1in Nairobi, and
Southern Engineering Co., located in Mombasa. These
companies import CFCs direc*ly.

Digtribution Channel

The main importers receive their shipments at Mombasa
and the CFCs are transferred from 1 MT containers
into smaller cylinders in thedir refilling facilities
ag indicated earlier. The cylinders are distributed
through a network of dealers/agents as well as own
outlets of the importers, e.g. East African Oxygen
has 22 agents in the country, to whom the filled
cylinders are supplied by EAC and at the same time
empty cylinders are collected back. The supplies by
thege importers are in 50 to 70 Kg cylinders only.

The small users of CFCs procure their requirements in
disposable cylinders, of 13.5 kg, or in even smaller




quantities from other large users, who procure the
large <cylinder and then sell in smaller quantities.
In such cases, the small wusers carry the empty
cylinders to these outlets and purchase CFCs in
quantities of 5-10 kg at a time.

Utilisation

The utilisation/consumption of CFCs in Kenya is summarised

below

ii)

Domestic refrigerators & deep freezers 303

Commercial and industrial refrigeration 55%

Commercial airconditioning Negligible
Mobile airconditioning 5-7%
Others (aerosols and foams) 8-10%

Domestic Refrigerators & Peep Freezers

There are four OE assemblers of these equipment in
Kenya, of which three are located in Nairobi and one
in Nakuru, which is about 75 km from Najirobi.

The servicing of these equipment is done by the OE
assemblers as well as a number of small private
agencies, mogtly located in Nairobi. A few of these
private agencies are also located in other
towns/cities, 8uch as Mombasa, Nakuru and Kisumu.
Small agencies service about 150-200 refrigerators

per year.

Commercial Refrigeration

About 85-90% of all commercial jobs are handled by
about 10 contracting firms, all of which are located
in Nairobi, with only 2-3 having offices also in
Mombasa. The normal practice is that these
contracting firms do the fabrication in Nairobi and
their team of technicians is sent to the gite for
installation & commissioning. Procurement of CFCs is
done mainly in Nairobi & Mombasa.

The servicing of these systems is also donne by the
game 8-10 companies. It is either carried out at
s8ite or the equipment is brought to Nairobi for
repairs, depending upon the type of problem. Some of
the end users also have their own technical staff for
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maintenance of the refrigeration systems, e.g. five
star hotels, large cold storages etc. Such
organisations are 40-50 in number, of which the
majority are located in Nairobi & Mombasa.

iii) Commercial Airconditioning

The maintenance of these systems is normally done by
the owner's engineering/technical staff, and only in
the case of major breakdown the contracting companies
are called in. In general the topping up/recharging
is very 1low which is due to the fact that central
airconditioning systems are only used for 2-3 months
in a year.

iv) DHMobile Airconditioning

The assembly plant of General Motors is located in
Nairobi while the plants of Associated Vehicle
Assemblers and Kenya Vehicle Assemblers are located

in Mombasa and Thika respectively. Since only 7%
of the vehicles are fitted with airconditioners, the
normal practice is that the charging of

airconditioners is done at the delivery point rather
than in the assembly plants.

For the same reason, the gservicing of car
airconditioners units is concentrated in Nairobi, and
almost all the vehicles are brought to Nairobi for
servicing and recharging of airconditioning units.

The servicing of car airconditioners is being carried
out by 8-10 service workshops, of which 4-5 are owned
and managed by international car manufacturers (such
as Toyota, etc). The rest are private agencies which
service all makes of cars. All the service workshops
are located in Nairobi.

The largeat volume of car airconditioners are
serviced by Hall Equatorial Ltd, approximately 500-
600 cars per annum. The average number of
airconditioned car serviced per agency is 150-200 per
annum,

Overall Distribution

Based on the above, it is evident that, the
airconditioning & refrigeration sector in Kenya, is
basically concentrated in Nairobi and Mombasa, both from
the supply as well as utilisation point of view.
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Hence, even though the end users of the various types of
airconditioning & refrigeration equipment are distributed
throughout the country, the handling of CFCs is done by a
relatively small number of companies, concentrated only in

these two major locations.

Based on the survey carried out for assessment of the
present and future demand for CFCs, and the structure as
well as dispersion of industry, the techno-economic
viability of the programmes for recovery and recycling of
CFCs have been evolved in the following chapters.
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CHAPTER - 3

EQUIPMENT DETAILS FOR COLLECTION AND RECYCLING OF
REFRIGERANT GASES

3.1 As the focus of the study is on the collection and
recycling of refrigerant gases, a considerable effort was
put into obtaining maximum possible information about
various types of equipment avajilable for
collection/recovery and recycling of refrigerants for
different applications.

3.2 The schematic representation of the equipment used for
collection/recovery and recycling are shown at Appendix
3.1 (collection/recovery only) and Appendix 3.2

(collection/recovery and recycling).

3.4 The salient features of some of these equipment are
briefly described below and the detailed technical
literature and pamphlets on the same are enclosed at

Appendix 3.3.

A. REFRIGERANT RECOVERY SYSTEMS INC., FLORIDA, USA

i) Recovery System (Model RC-1)

- Designed for residential/commercial contractors
- Recovery & Storage in 50 lbs tank (refillable)
- Indicative Price US $ 1050

ii) Rejuvenator's

- Capable of processing R-12, R-22, R-500, R-502
- UL Certified as per SAE standards

- Patented one step distillation process

- Available in two models

ST-1000 ST-100

- Recovery rate 3-6 lba/min 2-3 lba/ain.
- Indicative Price UsSs 5700 UsSs 2900

B. SPX CORPORATION, (OTC Division), USA

OTC refrigerant recovery and recycling systems are
for cars, trucks, tractors etc.

* OEM 1380 (R-12)

- Recovers 1/2 lb/minute

- Recycling 2 1/2 1lbs/minute

- Compatible with all charging stations

- Suitable for Mobile airconditioners/
refrigerators

- Indicative Price USD 4000
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* OEM 1396 (R-12)

- Recovers 1/2 1b/min

- Recycles 0.8 1b/min

- Compatible with all charging stations

- Suitable for mobile airconditioners and
refrigeration systems

- Indicative Price USD 3000

* OEIM 1397

- Portable recovery system

- Recovery rate 0.5 1lb per minute

- Can be used alongwith recycling equipment
OEM 1396

- Indicative Price USD 1000

UNITED TECHNOLOGIES CARRIER, CARRIER CORPORATION,

USA/Australia.

Refrigerant Management System for R-11 Centrifugal

chillers model (19QA) 1is popular and conserves
existing supplies of CFCs, minimises their 1leakage
during service/maintenance and optimises chiller

efficiency with recycled refrigerant.
Indicative price is A$ 10500.

ENVIRONMENTAL PRODUCT AMALGAMATED PTY LTD., AUSTRALIA

i) SKYE Split System consists of two separate units
- one for recovery & another for recycling.
These wunits, each about the same 8ize as an
average vacuum cleaner, can be used together or
separately. Purifies R-12 by distillation.

SKYEMITE - Collection/Recovery Unit

SKYEMATE - Recycling Unit
- Compatible with other brands
of recovery machines also.

ii) SKYE ﬁIGH CAPACITY COLLECTION/RECOVERY &
RECYCLING (for Heavy duty mobile & commercial
air-conditioners & refrigeration applications)

- For fast collection/recovery from
larger systems

EP-3 - R-12 (recovers both 1liquid &
vapour)

- Collection/Recovery rate is 25

Kg/hr - Combined process of

Filtration and Distillation
- Indicative Price A$ 2750

26




F.

iii) Several other models of recovery and recycling
machines are available, as per details given

below :
EP4 - Portable (Ut. 20 Kg)

- Recovery rate 25 Kg/hour
EP4HC - Portable (Wt. 20 Kg)

- Recovery rate 35 Kg/hr.
EPS - Portable (Ut. 24 Kg)

recycling (25 kg/hr)

The above models are available for R-12, R-22,
R-500, R-502 refrigerant gases.

Indicative Price range - A$ 1400 - 1800.

JAVAC RECO, AUSTRALIA

Javac Reco Refrigerant Recovery and Recycling Systems
are available for cars, refrigerators, chillers,
domestic and commercial airconditioning etc. as per
following details :

- Recover and Recycle CFC-12, HCFC-22 and CFC-502
- UC certified as per SAE standards
- Available in three models

RECO-1 RECO-12s RECO-134s
(Commercial) (DOM/Auto) (DOM/Auto)
Recovery Kate

- R-12 60 kg/hr 33 kg/hr -

- R-134a - - 33 kg/hr
- R-22 30 kg/hr - -

- R-502 50 kg/hr - -
Recycling Rate - 1 1ltr/min. 1 ltr/min.
Indicative Prices 2,850 1,990 2,350
(Us s)

TECHNICAL CHEMICAL COMPANY, USA

a) Sercon 9000

- For high volume airconditioning/
refrigerating equipments

- Capable of Processing CFC-12, HCFC-22, R-
500 and R-502

- Meets S.A.E J-1991 (1989) CFC-12 purity
standards

- Recovers 25 lbas/min. (in liquid state)

- Indicative price US $ 3,000
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b) Sercon 8000

- For high volume airconditioning/
refrigeration

- Capable of Processing CFC-12, HCFC-22, R-
502 & R-500

- Meets S.A.E J-1991 (1989) CFC-12 purity
standards

- Recovers 25 lbs/min

- Recycles 40 pounds in 15 min.

- Indicative price US $ 2,200

c) Sercon 5000

- For small shops/auto dismantlers/HVAC/R
industry

- uL listed, meets S.A.E J-1991 purity
standards

- Capable of processing CFC-12, KECFC-22, R-
500 & R-502

- Recovery rate 25 lbs,;min.
- Indicative price US $ 1,250

The main features of the above equipment as well as
equipment offered by other prominent suppliers in this
field are compared at Appendix - 3.4.

The features incorporated in above recovery and recycling
equipment are such that these can be easily operated and
maintained by technicians, after initial training input of
1 to 2 weeks. The important operating parameters for thes=2
equipments are as follows :

Recovery Racycling
equipment equipment
- Spares & consuma- v.31 0.41
bles (US $/kg)
- Energy consumption 0.05 kwh 0.05 kwh
(per kg)
The equipment details given at Appendix - 3.4 are
repregsentative of the range available for the
collection/recovery & recycling of Refrigerant Gases, in

terms of technology as well as prices which can be wused
for considering the technical options and the budgetary
costa thereof. These equipment are being successfully
used in Australia and USA and have been observed in
operation by Mantec's experts to have a first hand
experience on their utilisation. The technical options in
various sub-gsectors where Refrigerant Gases are used, are
discussed in the next chapter.
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CHAPTER - 4

TECHNICAL OPTIONS FOR COLLECTION/RECOVERY & RECYCLING
OF CFCs IN VARIOUS SUB-SECTORS

Based on the study of the recovery and recycling equipment
details and preliminary data collected from the field
survey ,the various technical options (sub-sector wise)
have been evolved for collection/recovery & recycling of
refrigerant gases.

ANALYSIS OF TECHANICAL UPTIONS FOR RECOVERY & RECYCLING

The ma jor sub-sectors of air conditioning and
refrigeration industry, from the point of view of recovery
& recycling are :

a) Domestic refrigeration/deep freezers and small
commercial systems

b) Mobile Airconditioning systems

c) Large Commercial Installations (central air-
conditioning plants, cold rooms etc.)

These may be further classified into equipment uasing CFC-
11 such as large centrifugal compressor-based chillers,
those wusing CFC-12 which include domestic refrigeration,
deep freezers, small commercial installations
(reciprocatory type)} and those using HCFC-22 such as
domestic airconditioning, large central airconditioning
(open system), water coolers etc.

Rerovery and re-use of refrigerant has been an established
practice for large installations based on CFC-11. This is
because CFC-11 at room temperature is a 1liquid and
amenable to recovery and storage at site. It is therefore
assumed that such practices will continue.

Our focus therefore is on equipment where CFC-12 and/ or
HCFC-22 are used. CFC-12 ias a gas at room temperature,
requires high level of purity for use in refrigeration and
is not usually recovered easily from the equipment. HCFC-
22, though not covered under the project, is of interest
as similar equipment could be used as for CFC-12 for
recovery and recycling.

The following technical options for each of the above
sub-sectors are largely for those using CFC-12 :
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4.3.1 Domestic refri
systems.

A. Repair do

(1

RECOVERY
AT SITE

(11)

>

Notes :
Option (1)

Option (IIl) :

B. Appliance
repair :

Appliances
from
the fiald

Notes :

Option (I)

gerators/deep freezers and small commercial

ne at site itself :

INTO CYLINDERS
D 4 USING RECOVERY
MACHINE
{(HIGH PRESSURE)

RECYCLING
FACILITY
INTO PLASTIC
{BAGS (LOW > —{ CONDENSATION {—>
PRESSURE)

The recovery equipment is carried to the
site and the refrigerant gas is collected in
an empty cylinder under vacuun.

Uhen the servicing agency doss not own the
recovery equipment, or it is not feasible to
transport the same to the site, the
technician simply collects the refrigerant
gas into a special plastic bag which is
brought to his shop. These bags could then
be taken to a facility with a recovery
machine for condensing and storing in
cylinders.

Alternat_vely a mobile unit (van) fitted
with a recovery machine could recover gas
from bags at different locations and
condense into liquid in a c¢ylinder to make
it amenable for recycling.

s from the field brought to the workshop for

(i)
r—————)—- RECOVERY |—>{ RECYCLING
AT FACILITY

UORKSHOP  }<—

})«UORKSHOP

RECOVERY &
RECYCLING
>~{ AT WORKSHOP

(1

Only recovery done at the workshop and the
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collected refrigerant is sold for recycling
at a separate facility.

Option (Il) : Recovery as well as recycling done at the
workshop itself. This is feasible for large
worksheps where the number of appliances
repaired is high.

As the appliance manufacturers cannot wuse recycled
refrigerant, the same has to be diverted for use in other
subsectors such as commercial refrigeration. Hence large
servicing agencies/workshops, which cater to both donmestic
refrigeration appliances as vell as commercial
refrigeration systems can have recycling facilities where
the refrigerant recovered from domestic refrigerators can
be recycled and used for commercial systems.

Mobile Airconditioners

In the case of motor vehicles, the repair of
airconditioners is always done at the servicing workshop.
Depending upon the number of vehicles being repaired the
workshop can install either only the recovery equipment
(Option 1) or recovery and recycling equipment (Option
I1).

(1)
r———————)—q RECOVERY p—>; RECYCLING
ONLY -< — FACILITY
VEHICLES
TO THE
UORKSHOP
RECOVERY &
I————-)— RECYCLING
(11)

Commercial Installations

In the case of commercial installations the maintenance is
always carried out at the site itself. Depending upon the
size and number of systems installed at the user’'s
premises and the amount of refrigerant to be recovered,

the servicing technician can either recover the
refrigerant at the site and send for recycling, or do the
recycling also at the site itself for reusing the
refrigerant.
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I. RECOVERY }|——>4 RECYCLING

ONLY F{—— CENTER
SITE
II. Recovery and Racycling at Site

PRESENT SCENARIO IN KENYA

Kenya which is a signatory to the Montreal Protocol,has a
per capita CFC-consumption levels as given in Table - 4.1
below :

TABLE - 4.1

PER CAPITA CFC CONSUMPTION IN KENYA

TOTAL CEC ESTIMATED PER CAPITA
CONSUMPTION POPULATION CFC CONSUM-
IN 1991 IN 1991 PTION

(MT)

104.4 25 Hln 4.15 gms

This 1is far lower than the limit of 0.3 Kg per capita,
for distinguishing the developed and developing countries,
and hence Kenya falls into the category of developing
countries, as per this criterion as well. In terms of the
Montrcal Protocol the 100% phase out has to be achieved
only by the year 2010, and the base consumption level on
which the reductions apply will be known only in 1998
(because the average consumption of CFCs between 1995-1997
is to be considered).

Presently, the CFC requirements in the country 1is being
met <through imports which are mainly from Germany and UK.
Even if these countries stop or curtail the production of
CFCs in the next few years, Kenya will not have any
problem in terms of availability of CFCs, as these will
still be available frorn other sources such as China,
India, etc., although prices of CFCs are likely to rise
world-wide due to the accelerated phasing out of CFCs in
developed countries.
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The project team, however, saw a considerable amount of
entiuusiasm to counter the ozone depletion problem and to
reduce the consumption/import of CFCs. Initiative taken
to sign the Montreal Protocol alongside developed
countries is indicative of the positive attitude of the
Kenyan government to this issue.

Ue, therefore expect a favourable response for
implementation of recovery & recycling technologies,
wherever these are technically feasible & economically
viable.

The total consumption of CFCs includes substantial
quantity used for flushing/cleaning and leak detection
during servicing and repair of the refrigeration and
airconditioning equipment. This quantity is considered as
technically possible to recover & recycle. However there
can be a significant reduction in CFC consumption by
introduction of better practices in this regard, i.e. use
of dry compressed air or dry nitrogen for flushing and
leak testing. This will also reduce the total recoverable
quantity, but <the extent of reduction will depend on
various factors which cannot be quantified at this stage.

RECHARGING REQUIREMENTS AND RECOVERY OF CFCs

Presently there are no collection/recovery or recycling
procedures being focllowed in Kenya during servicing or
repair of airconditioning & refrigeration eguipment. Hence
as a normal practice the refrigerant is simply vented into
the atmosphere.

Demand for Recharging

The two major CFCs used in Kenya are CFC-11 and CFC-12 as
per details given in Chapter 2. CFC-11 is primarily wused
as a foam blowing agent for insulation. Hence the
recharging requirement is mainly for CFC-12.

The sub-sector-wise brea- -up of refrigerant recharging
demand in relation to the total CFCs consumption is given

in Appendix 2.2.

Recovery rates and quantities feasible for collection

The sub-gsector wise easible refrigerant recovery rates
and technically feasible quantities which can be collected
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are given below in Table - §.2.
TABLE 4.2

TOTAL QUANTITY OF CFCs TECHNICALLY POSSIBLE TO
COLLECT/RECOVER IN KENYA (1991)

AV, INI-i COMPRESSOR FAittmE LEARRGE ¢ FLUSHINGSLEAX LeTECTION: TOTAL 1

TIAL REF- : : fRECGVE-!

SUB-38070R {RIGERANT | NO GF :TOTAL CRARGE: NO GF TOTAL CHARGE! # 1 QUANTITY @ RAELE S

¢ CRARGE 1 CASES ! REMAIN 1 CASES | REMAIN  ITOTAL GTV: RECGVERABLE : &Y. !

{PER UNIT | fom———y (- - USE} e H

: ! S O o GUAN- S :

: : HE 44 A M 0 A B R $411 : :

¢ (Kgy 3 (NOSY SRk Y (MTH ¢ (NOS) D ¢ MTE ¢ (MT) O G(EGY (MDD R

DOMESTIC REFRIGERATION | 0.2 2 4,000 180 ) C.6 (36000 :25:¢ 1.1 | G.66 135 8.2 ¢ 5.9 0

an) DeEP FRECIERS : : N : N : o : :

COMERCIAL ARD i H I : N ‘ I : :

INUSTRIAL REFRIGERATION: : I ' N : I : H

-(GLD STCRES, cOvL. ¢+ 6 v 120 180 0.6 0 S0 1 SCY L2 0 A6 185 40 N

FREEZZAS ETL. : . N i R : A ; :

- DISFLAY CABINCTS etcad 0.9 0 300 800 Ot 0 &5 1560 6.4 0 4.2 i8S e R

- MOBILE REFRIGERATION ¢ 7-10 % Ney - ¢ Neg ¢ 5 1S5S0, Gov ¢ 008 850 0.f ¢ G2

- JTHER (Ice marers and: G5 1 2250 : 8C . 0.9 + 300C S0 0.8 ¢ 5.27 1850 &S boeld

smail refrigeration ' : : : ; H : N H ;

EJulpment : : . : ' : : ; N :
SUB T0TAL i : S - : V2.2 N Vi3

OMESTIC § COMMERCIAL ‘ N : ; : : HE : :

AIRCONDITIONING : H HE : ' H ‘ HE : :

VOBILE AIRCONDITIONING + 1,2-4.8 ¢ 100 .8 : 0.1 ¢ 573 125 0.2 ¢ 0.95 85 0.8 A

S : ' oo 23 A o188 V288

Note : The total quanlily consumed for flushing and leak delection is darived as foilows .
Total recharging demand for compressor failure & leakaje cases - jquantily refilied in the equipoent
{equal to no. of cases « initial charge)

RECOMMENDED TECHNICAL OPTIONS

The quantities for refrigerant recovery indicated in Table
4.2 above are the maximum quantities which are technically
possible to be collected/recovered, given that all the
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service agencies engaged in repair and maintenance of all
types of refrigeration and air-conditioning equipment are
properly trained and equipped with appropriate equipment
to collect the refrigerants.

An important aspect for the success of recovery or
collection programme is that it must provide adequate
economic incentive for the personnel/agencies involved to
motivate them to carry out the collection.

Also the total quantity of CFCs available for
collection/recovery will substantially reduce with the
improvement of practices for servicing and leak detection.
Hence the immediate technical option to be considered is
changing over from use of CFCs to wusing Nitrogen or
compressed dry air for flushing and leak detection.

Some of the other important conservation practices which
should be inculcated are :

- Pruoper accounting and record keeping for refrigerant
purchase and wutilisation (atleast in all large
age.u. =8).

- Care in handling of refrigerants in order to avoid
wvastage

The specific technical options with respect to <collection
and recycling have been outlined below for each sub-

gsector.

Sub-Sector Recovery Recycling
A. Domestic - Use of plas- - Recycling
Refrigeration tic bags station with
& Deep Freezer during each CFC supplier
Jervicing alongwith a reco-
at users’' end very unit.

and small
workshops.

- Recovery
station at
large repai-
rers shop.

- Recovery sta-
tion at all
dealers/
manufacturer
service
center.




Commercial and - Portable - Common recycling

Industrial recovery equi- facilities with

Refrigeration pment are the CFC suppli-
recommended ers

Mobile Air - Use of portable - Demand for

Conditioning recovery equi- recycling to
pment is be met through
recommended. common recycling

facilities.

OTHER ASPECTS OF TECHNICAL FEASIBILITY

i)

ii)

iii)

Feasibility of Local Manufacture

Technical capability to produce and/or assemble the
required collection and recycling equipment is
available in the country but the required numbers
being small it may not be economically worthwhile to
establish a manufacturing line in Kenya specifically
for the production of recovery and recycling
equipment.

Appropriateness of Technology

The technology and equipment for recovery and
recycling of CFCs are now fully developed and brought
to a state where the operation and maintenance of
these 1s quite simple. Hence in view of the
technical services and expertise available in Kenya,
the technology and equipment avajilable for recovery
and recycling is appropriate for adoption. This will
however require adequate training ot the technical
personnel to ensure proper usage and maintenance of
the equipment.

Attainable Level of reduction in CFC consumpiion

The total CFC consumption in Kenya in the
airconditioning and refrigeration sector is of the
order of 95.4 MT per annum, of which the demand for
recharging accounts for 43.4 MT. The maximum
reduction attainable through recycling would be about
24.4 MT as brought out in Table 4.3 above. This
amounts to 56% of recharging demand or about 26% of
the tctal demand for CFCs.
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While the total reduction in CFC consumption, wvhich
is technically possible to collect, has been computed
in the above paras, the practical and feasible
collection rate will depend upon several factors, of
wvhich the major ones are :

a) Geographical distribution of the eqQuipment from
which the refrigerant is to be collected

b) Economic viability of the activity, so that it
is self motivating for ths service agencies to

adopt.

c) Legislative and other measures introduced by the
Govt. of Kenya to induce compliance with the
requirement of collection of refrigerant during
gervicing of equipment.

iv) Logistics of Collection for On-site Recycling

However, the CFC-12 based equipment are videly
dispersed and the riacoverable quantity per unit is
very small. Hence on-gite recycling is not
congsidered economically viable.

RECOVERY OF CFCe FROM RELATED MATERIALS (INSULATION FOAN)

The recovery of CFCs from related materials comprises
primarily of recorering CFC-11 from rigid foam. This
requires an air-tight crushing unit which reduces the
volume of the foam (o approximately one fifth of |te
expanded 8ize, thereLy releasing the entrapped CFC. The
released CFC gases are then collected by draving them
through a filter and passing them into a condenser.

However, in many cases, insulating foam needs to be
segregated from the product or location in which it |1is
used. This can present major problems as, for example,
foam 18 often found adhering to metal sheets. For the
insulating foam contained in domestic refrigerators :(he
moet likely recovery method is mechanical grinding or
crushing of the complete units within sealed plants with
subsequent recovery of the released CFCs.

Thus the recovery and recycling of CFCe from rigid foam in
refrigerators for re-use by manufacturers is technically
posesible. Howvever, the disparate location of the foanm
"bank”, which Iis the population of discarded and scrapped
refrigerators and the wvay it is used vithin the internal
structure of the refrigeration units and its volume
relative to the CFC content, present significant economic
problems in terme of retrieval and transeportation. The
difficulties can be overcome, but they make the adoption
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of the recovery and recycling option economically
unattractive. Reported initial estimates from developed
countries suggest that the overall cost of CFCs recovered
from domestic refrigerators, including the refrigerants
and from the rigid foam, would be nearly twenty five times
the cost of virgin CFC. Hence the recovery of CFCs from
rigid foam is logistically & economically not feasible in
Kenya.

SAFE DISPOSAL

Refrigerants used in various appliances, get contaminated
vhich can be recovered and reused after recycling or
reclajiming. However, in some cases the contamination is
too heavy and it can not be recycled or reclaimed. Also,
in certain applications, such as foams, the recovery of
CFCs is not practical, at the time of scrapping of the
product. Such CFCs should be destroyed in such a manner
that it does not effect the environment. There are many
methods available for destruction of CFCe which are given

below :

- Thermal incineration

- Catalytic incineration

- . Pyrolysis

- Active metal scrubbing

- Chemical scrubbing

- Uet air oxidation

- Super critical wvater oxidation
- Corona diascharge

Out of the above, only thermal incineration is the
commercially available method of CEC destruction.

Incineration

The destruction of CFCs can be achieved thermally by
exposing to high temperature of about 850°C for long
period of time in the presence of excess hydrogen. the
necessary heat is supplied through firing sesupplemental
fuel or by co-firing other wastes that have a asubstantial
net heat of combustion.

The thermal decomposition produces either halogen aclds
or free halogen molecules. The attack of thermal
decomposition products on the refractory incinerator wvalls
haes been & problem as they are very corrosive. To protect
the incinerator walls use of special refractory materials
and/or frequent Incinerator relining is required. The
halogen acids or free halogens must also be scrubbed from
the stack gases before emissions and other residue must be
properly captured and disposed of.




In the United States, performance standards have been
developed by EPA for incinerator burning CFC wastes. For
grant of license, a trial burn must show 99.99%
destruction and removal efficiency.

Disposal of CFC refrigerants is not a practical
proposition in Kenya. This is because destruction of CFCs
requires high temperature incineration facilities with
appropriate treatment of effluent gas. Such facilities
cannot be speclfically designsd for CFCa alone since the
size of these waste incineration facilities have to be of
a suitable (large) scale for them to be commercially
viable. The minimus economic capacity of these
incinerators is normally over 15,000 tonnes per annua.
The cost of CFC destruction with such a capacity is around
UsS $ 3000 - 3500 per mt. The cost of building a
completely new facility is over US $ 40 million.

Considering the minimum scale of capacity required, as
well as the high cost of destruction, the possibility of
building a destruction facility solely for CFCe in Kenya
or even in Africa has to be discounted.

In addition, the necessary technical expertise for
managing such a complex and large scale disposal system is
lacking.

39




CHPATER - 5

ECONOMIC ANALYSIS

METHODOLOGY

The methodology adopted for Economic Analysis consists of
two components. The first is viability analysis at the
venture level four collection and recycling, for various
type of ventures suggested by the investigation of
technical options.

The second is an analysis of the net naticnal economic
benefit based on the proposed national system for

collection and recycling.

Viability analysis at venture level :

In the venture level analysis each venture is treated as
an independent entity wvhich is set up as a project.
Stemming from the technical options, three kinds of basic
ventures have been considered.

a. Venture for collection using plastic bage

b. Venture for recovery only using a'portablo recovery
machine

c. Venture for recycling using a stand alone recycling

machine together with a portable recovery unit.

Uhile there is a technically feasible option of having a
portable recovery cum recycling unit, our analysis has
shown that 1in Kenya, none of the sectors will have
sufficlent recovery volumes at one location to justify use
of such a recovery cunm recycling machine. Accordingly this
has not been considered for techno-economic viability.

A summary of the various steps is given baelow.
Step 1 is to establish the dimensions of the venture. For

each of the basic ventures this has been arrived at on the
following basis.

Type of Venture Basis

Recovery only A venture assumed to consist of a
using portable single unit of equipment

recovery machine (Indicative price - US$ 1000 based on

model OEM 1397 of SPX Corpn., USA
(Refer Chapter - 3)
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Recycling Venture assumed to congist of a
single recycling machine and a
portable recovery machine.
(Indicative price :

Recycling Equipment - US$ 1400 (AS
1800) baged on model EP5 of
Environmental Products Amalgamated
Pty Ltd., Australia (Refer Chapter
3.)

Recovery equipment - same as above
Total Equipment cost - US$ 2400

The activity of collection through plastic bags in the
above categorization as this activity does not involve any
investment in capital assets unlike the other ventures.
The computation of viability of this activity is fairly
straight forwvard as shown in Appendix - 5.3 .

The subsequent steps in the methodology are as follovs :

Step 2 : EBetimation of the cost of the project and the
means of financing.

The costs for each type of project has been worked out in
the 1local currency and on the basis of latest exchange
rates for Importe in foreign currency.

Likewise, means of financing and the associated costs have
been worked out on the basis of current norms for such

pro jects.

The project 1life iIs taken to extend till the year 2010
which is the terminal year for elimination of CEC
consumption as defined under the MNontreal Protocol.

It has also been assumed that the recycling equipment and
the portable recovery equipment will Lave a life equal to
the project life.

Step 3 : involves estimating the operating revenueg and
coests for each type of venture.

Operating revenues are computed on the basis of quantity
of CFC processed. (i.e. collected, recovered or recovered
and recycled) and the price to be realised for collected
CFC gas, CFC liquid and recycled CFC in cylinders.

The typical scale of activity per venture has z220n based

on the present level of activity of the typical service
agency who will adopt the venture.

411




Further, the 1level of activity in subsequent Yyears s
asgumed to follow the same pattern as the aggregate
quantity of CFC available for recycling which will of
course decline over the years. This has been done to
assess the viability of the venture over the total project
life.

Operating costs include coets of rav material (in thi>
case CFC collected gas, or CFC collected and condensed),
consumables and spares, pover, labour, transportation
(wherever applicable), depreciation, interest and selling
& administrative overheads. In the wvorking sheets the
costs have been further classified as fixed or variable.

The spreadsheet formats for the viability analysis are
furnished in Appendix 5.1 for venture (a) and Appendix 5.2
for Ventures (b) & (c).

The computation of financial viability of the venture has
been done in an iterative manner by varying different
parameters. These are

- duty on imported equipment

-  duty on imported CFC and prices realised for
recovered CFC In cylinders or bags as a percentage of
landed price of virgin CFC

- interest rates for funding investments
- capital structure of the venture

The output of the first stage is an assessment of
financial viability of each type of venture and the
associated pricing for recovered and recycled CFC, as aleso
the mode of financing :

The working sheets depicted in the Appendix thus provide
the following for each type of venture.

* Costs of recovery per Kg
* Cogts of recycling per kg for each alternative
* The capital investment required and desired level of

government subsidy by vay of grants/soft loans for
ensuring viabllity

* The value of CFC saved

Having established the profile of a venture for recovery
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and that for recycling the next step is to estimate the
total number of ventures in the country.

This has been done by using the following inputs :

- The maximum number of recovery and recycling
vontures computed by dividing the total recoverable
quantity by the quantity to be handled by one venture
(based on break-even analysis).

- The number of ventures so obtained for each country
vere suitably downscaled, a® it is recognised that it
is not possible to achieve 100% recovery. Hence the
practical number of ventures wvere arrived at, based
on the following considerations.

- concentration and dispersion of sectors
addressed by a particular type of venture. e.g.
for garages servicing car airconditioners, the
population dispersion of airconditioned cars
across the country

- level of activity, e.g. the number of cars
being serviced by a venture

- the realistic proportion of the target
population that would be addressed by the
ventures, e.g. there would alwvays be some cars
which are not serviced at a garage for
logistical or other reasons.

- manpower available with the individual
enterprises, and their technical competence

- recognition of the fact that the total quantity
of CFCe available for recovery and recycling
will progressively reduce due to phasing out of
CFC based equipment, as well as adoption of
better practices. Hence the number of ventures
should be such that long term viability is
ensured for each venture.

The number of ventures has also been based on eligibility
or appropriateness of agencies to set them up.It isa
suggested that large manufacturers of refrigeration
equipment who service comumercial installations be required
to have a recovery equipment as part of code of practice,
as the aggregate quantities dealt in are lowv and the

number of such agencies are few.




Based

on the above, the number of ven_uires arrived at is

@iven below in Table-5.1.

»®

Havin
each

TABLE - 5.1

- - —— - - - G W W R MR W S M S am e

| RECOVERY| RECY-
| ONLY | CLING

________________ l - ————
Maximum annual |
qty technically |
feasible(average| 16 NT
for 1993t02010) |
______________ ——— l -——— - ———
Min.economic qtyl
per venture § } 180 Kg

Max.no.of vent-
ures poasible
Proposed no.of
ventures based
on industrial
Survey *
Avg.annual qty.
per venture
- Maximum
- Practical as
per field
survey +

4800 Kg
2871 Kg

L -]
o
[y
°

Includes additional quantity collected through
plastic bage which is processed with the help of
portable recovery equipment installed at all the
recycling ventures.

Taken as 25% higher than break-even volume

The number of recovery & recycling ventures are
indicative based on field survey and caa be increased
in future years depending upon actual operationa.
This has been derived from Appendix 5 as the 18 years
average (1993-2010) of the annual CFC recoverable

quantity.

g made an assessment of the number of ventures of
kind an assumption has been made that these ventures

would be established over a period of three years.

Once

the pattern of venturea is known the assesscent of

net national economic benefit wvas carried out.




5.3.1

RESULTS OF VIABILITY ANAYSIS AT VENTURE LEVEL

The economic viability of various types of collection/
recovery and recycling ventures in Kenya is shown at
Appendix 5.3 attached, and summarised in the followving
paragraphs.

Types of Ventures :

Table - 5.2 below indicates the types of ventures

identified for different sectors for recovery of CFCs.

TABLE - 6.2

_——_--—-_-—--—--—--—--.—-————-----—_-———-——-——————--—-——_——

SECTOR TYPE OF PROMOTER OF TOTAL QUANTITY
VENTURE VENTURE OF CFC RECOVER-
ABLE IN SECTOR
(FOR STARTING
YEAR 1993)
(IN NT)
Domestic ~-Collection Small service 9.45
refrigerators through agencies
plastic bags
-Portable Manufacturers and 1.05
recovery their authorised
machine service agencies
Commercial & Portable Service agen- 15.30
industrial recovery cie® of large
refrigeration machine companies
Mobile aircon- Recovery Garages serv- 1.50
ditioners machine icing Car air-
conditioners

Institutional Considerations

Though the economy is in many vays a market economy and it
is expected that recovered & recycled CFCs would find a
price based on market forces, the total quantity of CFCs
is 80 less that this process may not happen automatically.

Also, since CECs are all imported it is felt that tha
obligation of buying back recovered CFC should rest on the
CFC suppliers.

developing
and

In terms of insetitutional capability for
recycling sesystems and providing technical, financial
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managerial support, vhile Kenyan industry may not be
highly developed but since the number of ventures proposed
are very few and are with large service agencies, there
vould not be a problem for providing support as above.

For recycling It is assumed that the suppliers of CFCs

will promote ventures involving recycling equipmeunt.
These ventures will have equipment to recycle CFCeo

collected through portable recovery ecuipment and brought
in cylinders and equipment to recover CFCs from plastic

bags and feed to the recycling eQquipment.

The table - 5.3 below summarises the results of the
venture level analysis.

TABLE - 5.3

e e e e e o - . == - - - - Se A o - - = e W e S T M e e S Gn e S L e e om e S
- - —— > - - . —— . W WP = . e . e =

—— . — - —— = - [ - —— - - - - —— - —— - - - ———— - -

Cost

Total Quan-
tity of CEC
handled over
project life
(1993 - 2010)
Average Annual
Quantity

(18 years)
Annualised
operation
cost

(18 years)
Annualised
revenues
(value of CFC
saved)
Operational
cost/kg. of
CFC processed
(av. annual)

- o - - o | - - -

N
~
-~
»
[ ]
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Table 5.3 (Contd..)

} RECOVERY | RECYCLING
------------------ l ———————— ———— = - - - I - — - — -~ — - -——
Break even | |
volume | 145 Kg } 1013 Kg
------------------ l —— e —— - > - —— l - = - - - -
Payback period | |
for venture i i
. - on equity 1 One year | 8 months
- on total ! Four years |] Two years
capital | |
------------------ l —— - —— - — - | — - ——— -
Internal Rate | }
of Return(IRR) | |
- on equity | 93.912 | 179.9%
- on total | 27.9% | 75.6%
capital | |

---——---—---—__-——-—----—-—-—-—-——-—---——--——---—_-__—__-—

A sensitivity analysis has also been carried out on
gpecific parameters to assess impact on IRR.

TABLE 5.4

CHANGE IN IRR BY PARAMETERS

-—..———--_-.—--—_—-__—--_—__-————-—_---—-—-—_—-.——-—__————-——--._..-.._—

VENTURE | PRESENT | 10% INCREASE|10% DROP | INCREASE | INCREASE

i IRR | IN CAPITAL |IN CAPACITY|IN SUBS1-{IN CFC

i | COsT JUTILISATION|DY FROM |PRICE

i | i | 20to30% [BY 10%
--------- T B ] Bt e il bbbl Ittt
RECOVERY | | | | |

i | l l |
- equity | 93.9% | 76.4% | 78.43% I 191.8%| 112.7%
- capital}l 27.9% | 25.5% I 24.7% | 27.9%1 31.7%
--------- T B et B ] Attt
RECYCLING| | | | |

| | I | |
- equity | 179.7% | 152.0% | 147.6% | 344.3%) 233.7%
- capital] 75.6% | 70.3% } 65.9% i 75.6%| 91.0%

The impact of recovery and recycling programme on the
total CFC consumption, with respect to the requirements of
Montreal Protocol, is presonted in Figure - 5.2, which
shows that with recycling of CFCs, the net demand would
fall within the Montreal Protocol limite upto the year
2007, after which the additional demand can be met through
a CFC bank to be created tor this purpose.
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NET NATIONAL ECONOMIC BENEFIT ANALYSIS

The second stage of the economic analysis involves
computing the net national economic benefit by adopting
the recovery and recycling programme.

Methodology

The net national economic benefit has been wvorked out
using the principles of social cost benefit analysis
within the 1limitations imposed by the necessity of
confining ourselves to quantifiable variables.

The methodology has been detailed in Appendix - 5.4.
Given below is a summary of various costs and benefits
considered in the exercigse.

Benefits
- Savings in imports of refrigerants (CFCs)

- Increase in employment measured in terms of increased
private consumption and investment (taken equal to
savings).

- Ueighted increase in consumption and Iinvestment of
owners of enterprises

- Increased Government revenues on duties of CFCs

Coats
- Outflows on account of equipment and consumables

- Training costs and publicity at venture level and
Government level

- Increase iIn coats of overheads and maintenance of
ventures

- Duties and taxes foregone by the Govt. on imports of
CFC saved.

The above costs and benefits have been assessed till the
year 2010 and measured in the local curcency at 1991-92
prices.

A discounting factor of 2% has been used to determine the
‘net present value’ of Net National Economic Benefit, i.oe.
benefits - costs to the economy in each year from 1993 to

2010.
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The working sheets are given at Appendix 5.5 alongwith the
basis used for the computations (Appendix 5.6).

The summarised results of the computations of Net National
Economic Benefit are presented below in table 5-5, which
shows the yearly costs and benefits to the econosmy.

TABLE 5.5

RESULTS OF COMPUTATION OF NET NATIONAL
ECONOMIC BENEFIT FOR KENYA

( IN ln KSH )

NET BENEF-|USs$ Nn -0.48
ITS (@ 2% |

- . - - - — - - -




CHAPTER - 6

FRAMEUORK FOR IMPLEMENTATION

This chapter deals with :

a) The present legislative and institutional framewvork
and extent of public awareness in the project

countries and

b) The proposed organisation and legislative,
ingtitutional and other measures to implement
recommended recovery and recycling programmes in each
country.

PRESENT LEGISLATIVE AND INSTITUTIONAL FRAMEUORK AND EXTENT

PF PUBLIC AUARENESS

The National Environment Secretariat (NES) wunder the

Ministry of Environment and Natural Resources is
responaible for formulating and implementing policies on
environzental issueese. The Environmental Law Unit (EL)

which 18 a part of the NES, advises the Director NES on
all matters related to the development, review and
application of environmental 1legislation and related
regulatione. This section ia responsible for formulation
of apprcpriate legislation and institutional framework for
policy implementation and legal enforcement a®s they relate
to natural and manmade environment.

However, as on date, specific legislation does not exist
in the area of CFC usage or emission.

Infact the present scenaric is one where exercise of
governmental controls on functioning of industrial
enterprises is limited.

For instance, even the major manufacturers or service
agencies in the air-conditioning and refrigeration sector
are not required to report their performance to the
Government except for the specific purpose of obtaining
licenses for imports. '

There are no codes of practice adopted for maintenance/
repair in the air-conditioning and refrigeration sector.

The magnitude of CFC consumption in the country is low in

absolute terms and the framework for monitoring of supply
and usage is absent.

51




The pattern of CFC usage as discussed wearlier is
concentrated more in commercial and industrial
refrigeration as compared to domestic refrigeration or
cars.

The manufacturing industry is assembly oriented and the
ma jor components are imported. Hence there will be a
change-over to equipment based on substitutes alongside
such developments taking place in developed countries
especially in car airconditioners and domestic
refrigerators.

Uhile the manufacturer/assemblers do undertake servicing
and maintenance activities, neverthless there is an
unorganised sector comprising of small agencies which also
does servicing wvork.

PROPOSED MEASURES FOR IMPLEMENTING A RECOVERY & RECYCLING
PROGRAIMME

The proposed measures have been drawn up keeping in view
the above background and the national system for recovery
and recycling developed in the earlier chapters.
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A summary of the system contemplated is depicted in the

table below :

TABLE - 6.1

SYSTEM FOR RECOVERY/COLLECTION, RECYCLING
& DISPOSAL IN KENYA

- - S . . . L M R WP W D e T - - WD WP Y R M R e e e S . S S S . L s = e D Y = ————

RECOVZRY/COLLECTION RECYCLING
SECTOR —~~————-emmmcm e rmcm s m e e e e e rmmmmmmm mm—m e —m e — e —m—m e
COLLECTION COLLECTION DELIVER INPUTS FOR OPERATING INPUTS FOR
AGENCY METHOD TO ECONOMIC AGENCY ECONONIC
VIABILITY VIABILITY
¢
Commerci- Large Portable Suppli- *Free/low Suppliers *Exemption
al & Ind- Service Recovery ers of coat of CFCs of duty
ustrial Companies Unit CFCa equipment on equi-
Refrige- *Pricing pment
ration for recove- tSubsidy
red CFC on
capital
invest-
ment
*Increased
price 4f
CFC
]
Car Air- Large Portable Suppli- *Free/low Suppliers *Exemption
condit- Service Recovery ers of cost of CFCse of duty
ioners. Companies Unit CFCs equipment on equi-
*Pricing pment
for recove- tSubsidy
red CFC on capi-
tal inv-
estment
*Increased
price of
CFC
")
Domestic *Large Portable Suppli- *Free/low Suppliers *Exemption
Refrige- Service Recovery era of cost of CFCse of duty
rators. Companies Unit CFCa equipment on equi-
*Manufac- *Pricing pment
turers for recove- 2Subsidy
red CFEC on
capital
invest-
ment
*Increased
price of
CFC
¢ Selling egencies of CFCs would also be the recycling
agencies who would have separate recovery equipment as
vell.
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It is apparent that the measures should be drawvn up to
encourage the large servicing companies, which in many
cases are equipment manufacturers, to adopt practices for
recovery and to encourage suppliers of CFCa to accept
collected/recovered CFCs and recycle thesm.

The proposed measures in various areas are :

Command and Control HNMeasures

Legislation related to -

a) Supply of CFCs :

CFCs in Kenya are currently imported. Legislation
should be enacted to make it necessary to

* Maintain record of imports, by type of CFC,
source, quantity etc

* Maintain records of sales, by customer, by
sector (eg. refrigeration equipment
manufacturer, foam blower etc)

* Registration of dealers, if any, at other -
locations

Legislation should be enacted to make it obligatory
for suppliers of CFCs to accept recovered CFCs from
accredited servicing agencies, manufacturers etc for

recycling.
Legislation is also required in respect of -

* Drawing up of standards for recycled CFCs and
limitations to its use, if any.

* Need to maintain records of sale of recycled
CEC.

An illustrative extract of legislation covering the
above aspects in the State of Victoria, Australia is
presented in Appendix 6.1 (Sections 14, 15, 16 of EP
Act 1970-Victoria Govt Gazette).

b) Use of CFCs

The scope of legislation in this area for Kenya
should ensure

* Identification and registration of all
purchasersy and users of CFCs

* Restricting the use of CFCs to persons/agsncies
who are accredited/certified by NES based on
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competence and poaseasging necessary
infrastructure to handle and minimise emission
of CFCa

Appendix 6.2 shows illustrative provisions of
section 23 in Uaste Management Policy - State of
Victoria, Australia)

Making it obligatory for wusers to maintain
records of purchase and use

Appendix 6.3 shows such a provision in the Uaste
Management Policy of State of Victoria,
Australia

Adoption of codes of practice by manufacturers
and servicing agencies which will include
obligations to prevent leakage and to recover
CFCs to the extent possible. This will also
require that recovery stations are purchased,
installed, used and the recovered aas
transferred to recycling stations.

In fact it could be made obligatory for large
users such as manufacturers or assemblers of
refrigerators, installations like chilling
plants and car repair workshops to have a
recovery station/systeam.

It can also be made obligatory for prospective
new installations to provide for a recovery
system in their contract.

An illustrative extract of legialation covering
some of the above points in the State of
Victoria, Australia is presented in Appendix 6.4
(Sect 32, 33, 34 & 35). Also enclosed is an
extract from the rules laid down by South Coast
Air Quality Management District, California
(presented in Appendix 6.4 A) on Recovery or
Recycling of Refrigerants from Motor Vsehicle
Ajrconditioners and Reduction of Emission from
Stationery Refrigeration and Alrconditioning

Systenms.

Furthermore, to encourage compliance legislation
could be introduced which would require all
purchases of CFCs by service agencies on the
basis that they return a certain quantity of
recovered CFC for purchasing newv CFC.
Suppliers’ records would also require to show
how much recovered CFC was brought back and how
much fresh CFC supplied.
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c)

Disposal

In respect of disposal it may be recognised that in
developed countries purchases of white goods are
frequent and trading-in is a common practice befors
the full life of an equipment. In such a situation
one could have a mechanism supported by legislation
wvhereby a dealer could take away (e.g. Swiss Law -
gee Appendix 6.5). However in Kenya, as is the
practice in many developing countries, equipment are
retained by the owrer as long as it can be kept
running and discarded only after all possible
measures to salvage the same fail and at that point
it is often s9old to the service agency wvho
cannibalises it or sells it as scrap.

Thus legislation for disposal of equipment may not be
apprecliated or logistically feasible to adopt.
Furthermore, as discussed in an earlier chapter the
costs of recovery of CFCs from discharded equipment
especially from foams would be prohibitively
expensive as to make it unviable.

Therefore no specific proposal is made on legislation
for disposal of CFCs at this stage.

Financial Support Measuresa

In Kenya notwithstanding the small magnitude of CFC
consumption, the real impetus for adopting practicea for

recovery and recycling can come only by providing
financial incentives. Such iacentives include the
following :

a) Providing a 8ubsidy on recovery and recycling

equipment would establish the economic viability of
undertaking such a program and wculd encourage the




participants to confora to the legislative measures
proposed earlier. In our workings on economic
analysis of recovery/recycling enterprises, we have
agsgsumed a subsidy of 20% on the cost of equipment
vhich wvas the minimum to ensure economic viability.
It is recommended that the actual subaidy be fixed
between 20t and 50% depending on the speed of
introduction of ventures desired.

b) Supply bags at nil cost/negligible coat to accredited
gervicing agencies for the domestic refrigerator and

deep freezers.

c) Progressively increase in duties on virgin CFCs
One consequence that is anticipated is the phase-out
of the small repair agency in the unorganised sgector
who may find it uneconomical at his acale of

operation to undertake repair of equipment involving
recharging of CFCs.

Hovever in a developing economy, other avenues could
open up for such enterprises.

d) Funding of training programmes for technicians a8
vell as public awvareness programmes.

e) Abolish duties on recovery and recycling equipment

Compliance with Requirements of Montreal Protocol

From the profile of CFCs demand in Kenya after taking Into
account the recovery and recycling, it 1is clear that,
needs of CFCa in the years after 2005 could perhaps Dbe
best met through a CFC bank, for complying with the
requirements of Montreal Protoccl. This bank could be
created, and maintained by the Government, in the Yyears
vhen the demand is within the Protocol limite, say Yyear
2002 to 2004, to meet the additional requirements during
the years after 2005. However a final declsion regarding
this should be taken depending upon the availability of
"drop-in™ substitutes for CFCs at that time.

As in the other countries, there would be a significant
cost to Kenya for taking various actions Iindicated above
for implementing a recovery and recycling progranme
including maintaining CFC bank. This haa been worked out
in Chapter - 5. UWe suggest that a fund be created which
could be supported by multilateral aid.

Measures for Increasing Public Awvareness

Given that CFC based equipments are mainly used by the
economically stronger sections of society, we envisage no
difficulty in increasing awvareneas about CFCs, their
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effects on the ozone layer and recovery and disposal
through programmes on TV, Newspapers etc.

Institutional Framewcrk

The prime initiative for formulating and implementing the
above measures could be by the National Environment
Secretariat (NES) which could enlist support of industry
asgociations. One of the first steps that could be taken
is to encourage setting up of a body or association of
manufacturers and service agencies involved in the air-
conditioning & refrigeration sector either separately or
as part of air existing body, such as Kenya Assosication
of Manufacturers (KANM).

NES along with the association could be entrusted with the
following:

a) Evolving codes for better manufacturing and service
practices
b) Training the mechanice in better manufacturing and

servicing practices and also in recovery/recycling

c) Accreditation of mechanics and service stations

d) Collection and compilation of CFC consumption data

e) Estavlishing demonsatration etations for recovery
through plastics bags, recovery stations and

recycling stations

f) Coordination with recovery/recycling statione
established in a network

e) Providing technical support to industry in (b), (c)
above and also in the use of CFC substitutes

h) Organizing public awareness programmes
i) Coordinate setting up and maintaining a CFC bank

NES will also coordinate with other Government agencies
for formulation and enforcement of policy measures. Some
of the agencies are Reglstrar of Industries, Kenya
External Trade Authority, (KETA) and Kenya Bureau of
Standards (KBS;.

Further, constructive roles can also be played in the
above by Kenya Association of Manufacturers (KAM) and
Kenya Consumers’ Organisation (KCO) which are wvell
established and respected organisations and can provide an
effective interface with the private sector and consumers.
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CONCLUSION

The present legislative and institutional framevork with
respect to CFC use recovery and recycliag is limited. The
country lacks an established machinery to enforce elaborate
regulations or legislation.

Unlike in developed countries the public awareness or
consumer pull is alsc limited and cannot be counted upon to
*drive’' a recovery and recycling program.

On the other hand the economic @ituation, import
dependence and the absence of Government controls make for
a case to use a profit driven private sector managed
program for recovery & recycling of CFCs.

In Kenya with the overall magnitude of CFC consumption as
also the quantity recoverable being small, the
Government/nominated environmental agency could activaely
push the large refrigerator manufacturers, which are few
in number, to instal recovery equipment at their works as
well as authorised service stations.

Also from the point of view of complying with the Protocol
the above agency may itself set up a CFC bank in 2062
which could cater to recharging requirements in the years
after 2005 and thus avoid premature scrap or costly
retrofits of CFC-12 equipment.

Specific action would be for the government to
- exempt duty on equipment for recovery and recycling

- provide grants/subsidies to assist in setting up
ccllection/recovery and recycling ventures. Such
subgidies would range from 20-50% of capital cost. A
minimum of 20% subsidy is necessary for ensuring
viability, whereas a higher subsidy of upto 50% would
be based on the individual country’s approach to the

motivational level desired for expediting
implementation.

- fund training costs and public awareness programmes

- raise the price of imported CFC 11 & 12 to owmake

recycling attractive.

- Strengthen existing institutions involved in
environment and/or industrial activities to have a
separate wing for implementing the recovery and
recycling programmes in each country.

- enact legislation and a system of quotas to ensure
that service agencies and suppliers participate in
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the collection/recovery and recycling programmes.

ould be

The above could be met by creating a fund which c
set up with the help of multilateral aid.




CHAPTER - 7

CONCLUSIONS

CFC AUDIT

The detailed CFC national audits in the three project
countries have shown that the total CFC consumption has
reduced substantially in the last few years, mainly due to
substitution by other substances in the foam and
aerosol sectors.

As none of the project countries manufacture CFCs and
there are no significant exports of CFCa or CFC based
products, the consumption in each of the countries is
approximately equal to the importa.

A suamary of the total imports and utilieation of CFCs in
the three project countries is given in Table 7.1.

TABLE - 7.1
IMPORT & UTILISATION OF CFCs IN 1991
nT)
| EGYPT } KENYA | NIGERIA
IMPORT R R ittt |~==mm-omm e
|CFC-11]CFC-12|CFC-11]CFC-12|CFC-11|CFC-12
---------------- B EEEEEa EL ittty it bl Eb S
1 IMPORT | 1050 | 800 | i8 | 79 | 350 700
j--—————=——- === -~
| 1850 I 97 ! 1050
---------------- R it Bt bttt tdedeiatuil Rt it bt
| | I i | |
I1 UTILISA- | | | | | |
TION l | | i | |
| | | i i |
- Refrigera- | 345 | 435 | 16.51 78.91 71.7) 471.3
tion & Air | i i | | |
condition- | I { i | }
ing | | | | | i
| | [ | | |
- Aerosols | 90 | 360 | 5 | 4 | - | 150
| | | ) | |
- Plastic | 640 | 50 | - P~ | 280 | -
foams | | i | | |
----------- R R et Intatabebeded Eebointedetedl Ratattabebel Rafededednted
Total j 1075 | 845 | 21.5] 82.9) 351.7) 621 3
=== e ===
| 1920 } 104.4 | 973

The v*ilisation in each country has been estimated by
building up the demands for each of the aub-sectors,
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through a comprehensive field survey of industrial
enterprises.

The utilisation in the case of Egypt and Kenya is slightly
aigher than import figures, as part of the CFCs are
indirectly imported, through refrigerators and foamed
cabinetsa. Bowever, in Nigeria the consumption of CFC 12
is 1lower than import quantity as about 10-15% of the
imported CFC 12 is re-exported to neighbouring countries
such as Ghana & Cameroon.

There is no significant consumption of CFCs in the solvent
sector aa CFC-113 has been oubstituted by Carbon
Tetrachloride and Methyl Chloroform, vhich are also
controlled substances as per the amended Montreal
Protocol.

The current retail prices of refrigerants in the three

project countries area are given at Tqble - 7.2 below :
- TABLE - 7.2

(US$ PER KG)

EGYPT KENYA NIGERIA
CFC 11 2.2 2.85 1.8 - 2.3
CFC 12 3.5 - 3.9 4.6 - 7.8 3.0 - 4.0
HCFC 22 4.2 - 5 7.10 3.5 - 4.5

CFC National audits have shown that the total consumption
of CFC 11 and CFC-12 in the projeci countries has
decreased during the last few years primarily due to
substitution by other s8ubstances in the foams and
aerosols sectors. In Egypt the import of CFC 11 & CFC 12
has gone down from 2400 MT in 1989, to 1900 MT in 1991.
Similarly in Kenya there is a decrease from 230 MT (1989)
to leass than 100 MT {in 1991; and in Nigeria the
reduction has been less significant, i.e. from 1300 MT in
1985 to 1050 MT in 1991. Trendas indicate that these
figures will further go down.

DEMAND FORECAST

In the airconditioning and refrigeration sector, due to
the cumplete dependence on imports for compressors as well
as CFCa, the trend is that of phasing out the CFC based
equipment in 1line with the developments in advanced
countries. Hence gradual phaseout of CFC based equipment
is expected to start from 1992/1993 itself, with complete
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phaseout expected by 1997. The earliest phaseout will be
for commercial refrigeration equipment which can be easily
designed for operation with HCFC 22.

In other sectors viz aerosols, plastic foams and sclvents,
complete phase out is expected by 1995, 1993 and 1994 in
Egypt., Kenyva and Nigeria reapoctively.

Taking the above into account, the demand for CFCs upto
the year 2010 has been arrived at for each of the three
countriea by aggregation of the demands for the various
sub-gectors of airconditioning and refrigeration in the
respective countries, as summarised in Table - 7.3 belowv.

Substantial part of this demand is on account of
recharging and this emphasises the need of recovery and
recycling systems a8 an important means to reduce the
conaumption further for an eventual phase out.

TABLE - 7.3

PRESENT & PROJECTED DEMAND FOR CFCs IN THE
PROJECT COUNTRIES T

—-—-——.—-.—-——-_-—-——.—--_.._—---—_-_..—_—-_—_-———__..___

_-__-_-_..-___-—_-_—-__-—----_-..._._—_.._-.—-————----_---—-_--_

295.7 247.7 172.3

- Refrige- 780 658.7
ration &
Aircon-

ditioning
- Aerosols

- Plastic
Foams

- Solvents

KENYA

- Refrige- 61.4 37.0 29.7
ration &
A'rcon-

ditioning
- Aerosols

- Plastic
Foams




- Solvents | -

I 104.4 29.7 18.3
’ ________________
able - 7.3 (Contd.)
COUNTRY | 1991 | 1996 { 2005 | 2007 i 2010
| | | | |
NIGERIA | | | | |
I [ | | }
- Refrige- | 543 | 408.1 | 104.2 | 50.3 | 11.7
ration & | ] i | |
Aircon- | | I | |
ditioning]| i | | |
I | | | |
- Aerosols | 150 | - | - | - | -
[ i | | |
- Plastic | 280 | - | - i - | -
Foams | | | | i
| i | | ]
- Solvents | - i - i - | - [ -
|-====---- |-==m——=- j==-=——-- | ======-- o
| 973 } 408.1 | 104.2 i 50.3 | 11.7

In each of the three countriea, the import and consumption
of CFCs 1is <concentrated in and around the nrational
capitals. In Egypt, most of the importers of CFCs and the
ma jor ugsers are located in and around Cairo. Similarly in
Kenya & Nigeria the concentration of importers and wusers
of CFCs is in Nairobi and Lagos respectively. However in
Nigeria, the distribution network of the importers is
quite spread out across the country, wvhereas in the other
two countries it is limitsd to only few of the important
cities/towns, where the manufacturers and/or servicing
agencies for CFC based equipment are operative.

EQUIPMENT FOR RECOVERY AND RECYCLING OF CFCs

Equipment for recovery and recycling are available for
different applications in various capacity models. Thesae
equipments have been in use in developed countries and the
technology for the same is well established and brought to
a level 80 that it can be easily adopted.

Since the volumes of CFCs handled by typical individual
anterprises in the project countries are very small, it is
recommended that the low cost low capacity and portable
models of the recovery and recycling equipment would be
most appropriate for early adoption in Egypt, Kenya and
Nigeria. These equipment are versatile and can be used
for recovery and recycling of HCFC-22. Their utility will
thus continue even after the CFCe are phased out
completely.
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Features incorporated in the recovery and recycling
equipment are such that these can be easily operated and
maintained by local technicians, after initial training
input of 1 to 2 weeks. The important operating parameters
for these equipments are as follows

Recovery Recycling
equipment equipment
- Spares & consuma- 0.31 .41
bles (US $/Kg)
- Energy consumption 0.05 KUH 0.05 KUH

(per ka)

TECHNICAL OPTIONS FOR COLLECTION/RECOVERY AND RECYCLING OF
CFCs

The recovery and recycling of CFC-11, which is a liquid at
room temperature and is wused for large commercial
installations, has been an established practice. Hence
the focua in this study was on recovery and recycling of
CFC 12. Though HCFC-22 is not covered under the project,
it is of interest as similar equipment could be used, as
for CFC 12, for recovery and recycling.

All the three project countries - Egypt, Kenya and Nigeria
which are gignatories to the Montreal Protocol have per
capita CFC-consumption levels as given in Table - 7.4
below

TABLE - 7.4

PER CAPITA CFC CONSUMPTION

TOTAL CFC ESTIMATED PER CAPITA
CONSUMPTION POPULATION CFC CONSsun-
IN 1991 IN 1991 PTION
(HMT)
EGYPT 1920.0 57 Mn 33.70 guwe
KENYA 104.4 25 Nn 4.15 gms
NIGERIA 973.0 115 Mn 8.50 gms

These are far lower than the epecified limit of 0.3 Kg
per capita, and put them in the category of "Developing
Countries”.
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Presently, CFC imports in these countries are mainly from
France, UK and Germany. Even if these countries stop or
curtail the production of CFCs in the next few years, the
project countries viz. Egypt, Kenya & Nigeria, will not
have any problem, as these will still be available from
other sources such as China, India, etc., although prices
of CFCs are likely to rise world-wide due to the
accelerated phasing out of CFCs in develnped countries.

The project team, however, saw a considerable amount of
enthusiasm in these countries to counter the ozone
depletion problem and to reduce the consumption/import of
CFCs. Initiative taken by these countries to sign the
Montreal Protocol alongside developed countries is
indicative of the positive attitude of their governments
te this issue.

The priorities for introduction of recovery and recycling
equipment in the three countries are as follows based on
the CFC consumption pattern and assessment of recoverable
quantities for . each sub-sector.

Country Sub-Sector

Egypt - Domestic refrigeration & deep freezers
- Mobile airconditioning

Kenya - Domestic refrigerators & deep freezers
- Commercial & Industrial refrigeration

Nigeria - Mobile airconditioning

- Domestic refrigerators & deep freezers

Considarationg for 2doption of Recovery & Recyecling
Equipment

Local manufacture/assembly of the recovery and recycling
equipment in the project countries is technically feasgible
but not commercialiy viable due to low requirements. To
make local manufacture/assembly in an African country
viable, it would be necessary to club local requirements
with the neighbouring countries’ requirements. Therefore
three or four projects can be considered for Africa as a

whole.

However, the necessary technical skills and competence
exists to operate and maintain the equipment, with
necessary training inputs being provided initially.

Attainable Reduction in CFC Consumption

Recovery and recycling programmes in each country will
help reduce the CFC consunption substantially. The total
congumption of CFCs in each country includes substantial
quantity used for flushing/cleaning and leak detection
during servicing and repair of the refrigeration and
airconditioning equipment. Thia quantity is conasidered as
technically possible to recover & recycle.
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Further, in the cases of compressor failure or leakages in
the refrigeration system, some quantity of the refrigerant
remaing in the system which can be recovered at the time
of servicing/repair.

The maximum reductions attainable, based on 1991 fjeld
survey data, are given in Table 7.5 below :

TABLE - 7.5

MAXIMUM ATTAINABLE REDUCTION IN CFC CONSUMPTION
BY RECOVERY & RECYCLING (1991 DATA)

as % of recharging as % of total
demand demand
Egypt 58 28
Kenya 56 26
Nigeria 36 27

—— - - ———— . — — —— ——— > ——— ——— > —— — - - - > W - A= -

Recovery of CFCs from related materials (Insulation Foam)

The recovery of CFCs from insulation foam is logistically
and economically not feasible in the project countries,
due to the wide dispersal of scrapped refrigeration
equipment, and the highly capital intensive nature of
requisite facilities.

Safe Disposal of CFCa

Disposal of CFCs is not a practical proposition for any of
the project countries as the facilities for thermal
incineration require very high capital investment (over
US$ 40 million) and can be justified only if the quantity
of CFCs to be destroyed is of the order of 15,000 MT per
annum. Even then the cost of destruction is about USS
3000-3500 per MT of CFC making it economically unviable.

ECONOMIC ANALYSIS

The three types of practical ventures for recovery
and/or recycling of refrigerant gases in the
Airconditioning and refrigeration sector for each country
are :

a) Collection using - for domestic refrigerators and
plaatic bagse deep freezers sub-gector
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b) Recovery using - all sub-sectors
portable equipment

c) Recycling using - all sub-sectors
portable equipment
(with additional
recovery equioment)

These ventures will be operated as an extension of the
existing activities of industrial enterprises in the
field, and hence must provide sufficient eCOnomic
motivation to the promoters.

The venture for collection using plastic bage does not
involve any capital investment, while the ventures of type
(b) & {c) would require initial capital investment for
suitable equipment, which is estimated at about Us ¢ 1000
and US 8 2400 respectively. This is based on the

" indicative prices of the specific models which are

considered appropriate for adoption in the project
countries.

The viability analysie for each type of venture is done

taking the following aspects into account :

a) Estimation of cost of the project, in local currency,
and means of financing on the basis of current norms
in each country.

b) Computation of operating revenues for each type of
venture based on quantity of CFC processed and the
price to be realised for the same.

c) Assessment of operating costs including cost of raw
materials, consumable & s@8pares, powver, labour,
transportation, depreciation, interest and other

overheads.

dj Projaction of the 1level of activity/scale of
operation for each type of venture in each country,
upto the year 2010 (terminal year for CFC phaseout).

e) Estimation of the total number of ventures in aach
country, or the basis of

-~ concentration and dispersion of sectors/sub-
gectors to be addressed by each type of venture.

- level of activity of a typical venture.
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realistic proportion of the target population to
be addressed.

manpower availability.
recognition of the fact that the recoverable

quantity would progressively reduce due to
phasing out of CFC based equipment.

The important findings regarding the viability of ventures
are summarised at Table 7.6 below :
TABLE - 7.6
SUMMARY OF VENTURE VIABILITY ANALYSIS
VENTURE TYPE } EGYPT } KENYA | NIGERIA
| | |
|- No. of ventu-| 100 | 40 J 150
| res | | i
I | } |
j]- Cost per kg | 0.92 | 1.04 | 0.92
Reco- | of CFC reco- | | ]
very | vered(US 8$) | § |
only | | ] i
|- Break-even | 209 Kg | 145 Kg | 205 Kg
} volume | } |
| | i |
| IRR ] | |
| | | |
|- on equity | 67.8% | 93.9% } 215.1%
| | | |
|- on total | 23.5% | 27.9% i 17.2%
| capival | i |
| | ! |
| Payback Period | | |
| | | |
|- on equity | 1 Year & | 1 Year | 6 Months
I |Six months | }
| | | |
|- on total | 4 Years | 4 Years | 2 Years
| capital i | |
| | | |
| i | |
j- No. of ventu-| 12 ! 5 | 10
| res | | |
Recy- | | | |
cling |- Cost per kg | 4.10 I 5.80 I 4.47
|] of CFC recy- | I |
| cled (US 8) | | |
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Table - 7.6 (Contd.)

- - - - - — L Y = = e D R W WS WP TR TR SR e e eSS e e W e TR S D R WD D S R e e e

VENTURE TYPE i EGYPT | KENYA | NIGERIA
| i l |
|- Break-even | 1439 Kg | 1013 Kg | 1306 Kg
] volume | | |
! | | |
| IRR [ | i
| | | |
|- on equity | 197.2% | 179.9% | 325.1%
| | | |
|- on total | 78.9% | 75.6% | 97.7%
| capital } } I
! | | |
|Payback period | | i
| | } |
|- on equity | 1 Year & | 8 Months| 6 lMonths
| | 2 Months | |
| | i |
|- on total | 2 Years | 2 Years | 1 Year &
| capital | | }] 6 Months

Based on the venture level viability analysis, the net
national economic benefit for each country, f{or adopting a
recovery and recycling programme, has been worked out by
taking into account the following :

Benefits:

- sgavings in imports of refrigerants

- increase in employment

- increase in consumption and invastment
- increase in government revenues

Costs:

- cost of equipment and consumables

- training and publicity costs

- increase in costs of overheads and maintenance of
venturaes

- duties and taxes foregone by the goverament

The above costs and benefits have been assessed till the
year 2010 and net present value ottained by discounting at
the rate of 2% for arriving at the net national economic
benefit for each country.
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The Net National Economic Benefits to the project
countries, based on the above analysis, works out to (-)
US$ 5.95 million, (-) USS$ 0.48 million and (-) US $ 0.97
million respectively for Egypt, Kenya and Nigeria.

COMPLIANCE UITH MONTREAL PROTOCOL

In the context of compliance with the requirements of the
Montreal Protocol, it Is seen that in Egypt and Nigeria
the total demand exceeds the limit in the year 2007.

However, in the case of Kenya, this takes place earlier,
i.e. in the year 2005. With the implementation of
recovery and recycling programmes, the compliance with
protocol requirements can be achieved as follows :

- Egypt - upto 2007
- Kenya - upto 2007
- Nigeria - upto 2010

In Egypt & Kenya, the further reduction in CFC consumption
requiraed after 2007 to meet the protocol limits is of such
an order that it can be met through CFC banks, or use of
drop-in substitutes, which are expected to be available at
that time. )

FRAMEUORK FOR_IMPLEMENTATION

Presently, none of the three projnct countries have any
legislative regulations regarding collection/recovery and
recycling of CFCs. Even regarding usage, only Egypt has
introduced in 1989, a Ministerial decree banning the wuse
of CFCs for aerosols.

In the context of the findings of the study, it is felt
desirable and necessary to introduce regulatory
legislative measures regarding various aspects of CFC
consumption, viz sale, purchase and conservation, through
recovery & recycling. These legislative and regulatory
meagnres would be aimed at achieving the following:

a) idont;fication of users of CFCa

b) imposing an obligation on sellers and users to report
consumption or utilisation of CFCs

c) establishing codes of practice for repair/servicing
agencies

d) accreditation of service mechanics and agencies
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e) ensuring proper disposal of equipment containing CFCs

f) ensuring adoption of recovery and/or recycling
equipment

Further, the analysis shows that recovery and recycling in
the project countries will be economically viable at the
venture level, provided that the following financial
incentives are given.

- exemption of import duty on recovery and recycling
equipment

- subsidy on equipment cost (@ 205 to 50% depending
upon individual country’s level of motivation to
implement the programme)

- increase in import duty on CFCs
- free supply of plastic bags to service agencies for
collection from domestic refrigerators and deep

freezers

- funding the cost of training programmes on operation
and maintenance of recovery and recycling equipment

- funding the public awareness campaign, etc.

In order to initiate and implement the above scheme, it is
necessary to strengthen the institutional framework in

each country. This would involve <creating a specific
organisation (which <could be under the aegi®s of the
present environmental agencies in each country) for

overall coordination and monitoring, as well as creating
proper awareness about the harmful effects of ozone layer
depletion. The cost of the recovery and recycling
programme, based on Net National Economic Benefit Analysis
for each country, could be met from multilateral fund.

COMPARISON OF COUNTRY CASE STUDIES & FORMULATION OF
REGIONAL GUIDELINES

The comparison of the country case studies brings out the
following :

a) The present industrial infrastructure is poor and
manufacture of CFC based equipment is dependent on
import of components as well as CFCs. Hence the
aubstitution with non-CFC based equipment in OEN
would take place in 1line with the developed
countries.
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b)

c)

d)

e)

£)

g)

h)

i)

However, economic pressures would motivate extended
use of existing CFC based equipment, resulting in
continued requirement of CFCs for recharging.

In all cases, technical options identified are
similar. These are

- Use of plastic bags for collection of CFCs from
domestic refrigerators

- Recovery equipment tcr recovering CFCs from car
airconditioners and commercial refrigeration
systems

In all cases, recycling would be ideally wundertaken
by the CEC suppliers as they have the necessary
infrastructure for collection, storage and
distribution.

All countries would have to import the recovery and
recycling equipment, hence the project cost for
ventures is similar.

Ue have found that recovery and recycling ventures
can be made viable by giving adequate financial
support and instituting an appropriate pricing
mechanism for collected/recovered and recycled CFCs.

In all countries, the present organisation wunder
reaspective environmental agencies requires to Dbe
atrengthened for implementing and monitoring of the
CFC recovery and recycling programmes.

Existing legislative framework in each of the
countries is inadequate with respect to CFC
utilisation. This calls for necessary legislation to
be enacted to cover the following :

- Sales & purchase of CFCs

- Formulation and implementation of codes of
practice in manufacturing as well as servicing

- Collection/recovery of CFCs by service agencies
and purchase of the same for recycling and sale
by the selling agencies

Need for emphasis on increasing public awareness to

make the collection/recovery and recycling programmes
guccessful.
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REGIONAL POLICY GUIDELINES FOR AFRICA AS A UHOLE

The regional guidelines for Africa as a whole have been
formulated based on the above assessment.

As African countries do not manufacture CFCs, the only
technical option to reduce CFC consumption/emissions is
through implementation of viable CFC collection/recovery
and recycling programmes.

The number of recovery and recycling ventures and
formulation of an overall National System will require a
detailed audit of CFC consumption and a study of
manufacturing and servicing practices in each country.

The audit data would need to be analysed for
prioritisation of sub-sectors for implementing the
recovery and recycling programme. This would be based on
the assessment of the quantities of CFC handled and
geographical dispersion of users as well as servicing
agencies.

Some of the significant guidelines are :

Ingtitutional

Each country would require to have an organisation
identified or created to implement the collection/
recovery and recycling programmes. This can be achieved

by Institutional strengthening of any existing agency
involved in environmental isasues.

Legislative

Enactment of suitable laws in respect of supply and usage
of CFCs

Market Measures

Intervention to raise prices of virgin CFCs, curbing of
imports through limited gquota allocation, setting wup
central recycling facilitiea, creation of public awareness
etc.

Financial Support

Subgidies on capital investment for recovery and recycling

74




FIGURE -~ 7.1
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7.10

7.10.1

7.10.2

7.10.3

projects, funding of costa on training, waiving of import
duty on equipment, subsidising the cost of plastic bags
etc.

National Governments would, in turn, need support for
funding this programme from external sources, i.e.
multilateral fund created by the international coamunity.
The proposed regional policy making framework is shown in
Figure 7.1.

REGIONAL DATA BANK

A national data base would need to be created for each
country which would comprise of data on enterprises, sub-
sectors and sectors of industry using CFCs. The data base
for each country can be integrated into a Regional Data
Bank, for which a detailed outline has been presented in
this report.

The regional data bank would be organised in four levels,
as follows:

Level 1 Enterprise level

Leval 2 : Sub-sector level
Level 3 : Sector level

Level 4 : Country level

This data bank will form the heart of a system at country
level to formulate policies for phase out programmes vith
projects for recovery and recycling. The pictorial
presentation of such a system is given at Figure 7.2.

The country level data would provide the inputs at the
regional level to facilitate comparative analysis of the
CFC consumption and conservation under different policy
regimes. Figure 7.3 shows the scheme of such a regional

information system.
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SUMHARY

The findings of the study indicate that given adequate
financial support from multilateral agencies and with
appropriate legislation and institutional strengthening
for implementation, viable programmes for recovery and
recycling of refrigerant gases can be set up in Africa.
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APPENDIX - 1.1

LIST OF REPORTS/DOCUHMENTS USED AS REFERENCE MATERIALS

1. Techno-economic assessment of the financial viability
of the collection and safe disposal of refrigerant
gases and relevant material in Africa: Background

analysis.
(UNIDO - 1990)

2. Revised Montreal Protocol - requirements and
assistance to the developing countries, Thailand.

(UNEP - 1991)

3. Costs to Egypt of protecting the Stratospheric Ozone

Layer.
(Egyptian Environment Affairs Agency-1990)

4. Ozone Layer Protection : Kenya case study on costs

and strategies.
{UNEP - 1990)

5. The costs to developing countries of entering the

Montreal Protocol.
(UNEP, Nairobi, 1990)

6. The economic implications for developing countries of

the Montreal Protocol.
(UNEP, Nairobi, 1990)

CFCg : Times of transition, American Society of
Heating, Refrigeration and Air Conditioning Engineers

(ASHRAE 1989)

-3

8. Potential costs of restricting CFCs use.
(US Department of Energy, 1989)

9. Aerosols A - 2, British Aerosols Manufacturers
Association.
(1988)

10. Ozone protection Act 1989, Australia.
11. Code of good practice (Australia) for -

- The reduction of emissions of CFCs - R11, R12,
R113, R114 and R115 in refrigeration and air-
conditioning applications.

(1990)




12.

13.

14.

15.

16.

-
~3

18.

19.

20.

21.
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- R12 in domestic refrigeration applications.

(1990)

- Minimisation of CFC emissions from
degreasing/cleaning plants using CEC 113
solvents.

(1990)

Code of practice for the control of CFCs from motor

vehicle air-cond:tioners.
(Motor Traders Association of Australia, 1991).

Equipment literature on refrigerant recovery and
recycling machinery given at Para 5.2 of Interim

Report, 1991.

Technology in Indian refrigeration and compressor

industry.
(Ministry of Science and Technology, Government of

India, 1988).

CFC scenario and substitution options in Indian

context.
(Shri Ram Fibres, India, 1989).

Alternative to CFC infested polyurethane (PUF),
(Glass Fiber Manufacturers Association, India, 1991).
Refrigeration and Air-conditinoning study and

recommendations.
(Task Force on National Strategy for phasing out

ozone depleting substances, India, 1991).

Report on the supply and use of Ozone Depleting
Substances in India and sectoral analysis.
(Ministry of Environment & Forests, Government of

India, 1990).

Mexico's strategy on Ozone Layer Protection : A case

study on the cost of implementing the Montreal

Protocol.
(National Manufacturing Industry Chamber, 199%0).

Chile : Strategy on Ozone Layer Protection : A case
study on the cost of implementation of the Montreal

Protocol.
(Ministerio de Bienes Nacionales, Chile & UNEP)

The Uorld Bank and the Environmment - A Progress

Report Fiscal 1991.
(The Uorld Bank, Washington DC)




22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
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Country Capacity to conduct Environmental
Assessments in Sub-Saharan Africa :
(The Uorld Bank, Africa Region)

Environmental Policy and the Public Revenue in

Developing Countries.
(The World Bank, July, 1990)

Implemmenting the lMontreal Protocol to Protect the

Ozone Layer
(The Uorld Bank)

Recovery or Recycling of Refrigerants from lMotor
Vehicle Air Conditioners (Rule 1411).
(South Coast Air Quality Management Distt Board,

California)

Reduction of Chlorofluorocarbon Emissions from
Stationary Refrigeration & Air Conditioning Systems

(Rule 1415)
(South Coast Air Quality Management Distt Board,

California)

CFC Alliance Bulletin (July/August, 1991)
(Alliance for Responsible CFC Policy, Arlington)

CFC-12 Refrigerant Recycling & Service Procedures for
Automotive Air Conditioning Technicians-Certification
Training Manual.

(Mobile Air Conditioning Society, East Greenville, PA

18041, USA).

Strategy for Ozone Protection
(Australian Environment Council, August 1989)

Technology in Indian Chlorofluorocarbons (CFCs)
Rafrigecants and their Substitutes Industry

(Department of Scientific & Indusutrial Research,
Minisitry of Science & Technology, Government of

India).

Reducing the consumption of Ozone Depleting Substance
in India
(5.B. Billimoria & Co., India)

Technical Progress on Protecting the Ozone Layer
Report on the Technology Review Panel (Pursuant to
Article (6) of the Montreal Protocol on Substances
that Deplete Ozone Layer, under the Auspices of the
United Nations Environment Programme, June 1989%9)
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34.

35.

36.

37.

3s8.

39.
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Project Appraisal & Planning for Develop.ni Countries
by I.M.D. Little and J A Nirrlees

Swedish Code of STATUTES/SVENSK FOR FATTNINGSSa, TNG
ORDINANCE ON CFCs, HALONS ETC., (1988:716) (UNEP)

United Nations Environment Programme
(Pilot Uorkshop for CFC Officers, Bangkok, Thailand,

30 March - 2nd April, 1992)

Reduction Strategy - Austria, Switzerland
(Pilot Uc-kshop for CFC Officers) (UNEP)

Sweden Experience on Recovery of Refrigerants and

better Maintenance - Sweden
Pilot Uorkshop for CFC Officers (UNEP)
Automotive Airconditioning

Pilot Uorkshop for CFC Officers (UNEP)

Automotive Airconditioning - Code of Practice
(Pilot Uorkshop for CFC Officers (UNEP)
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LTST OF ORGANISATIONS/PERSONS CONTACTED
DURING FIELD SURVEY

KENYA
SL. COMPANY NAME
NO.
i) Importers of CECs
1. Hoechst P D Patel

Industrial Chemic2ls Dept. II
Hoechst East Africa Limited
Mogadishu Road

Industrial Area

Nairobi - Kenya

2. Twiga Chemical Industries Lta Mathew K Mwangi
Viewpark Towers Techno-Commercial
P O Box 30172 Representative
~Nairobi, Kenya

3. Twiga Chemical Industries Ltd P E MNwangi
Town House, S5th Floor Sales Manager

Kaunda Street Industrial Chemicals Dept.

P O Box 30172, Nairobi, Kenya

4. East African Oxygen Ltd Samual Githagi Muchogu
P O Box 18196 Business Manager -
Industrial Gases

5. East African Oxygen Ltd John M Ngea

ii) Airconditioing & Refrigeration Companies :

6. Refrigeration Centre M Alam
P O Box 44883

7. Remco Ltd J Dean
P O Box 18172 Director
Nairobi.

8. Refrigeration Contractors Ltd A Tejani
P O Box 78782 Director
Nairobi.

9. Tropical Environment M B Lambert
Consultants Ltd Director

P O Box 50263
Nairobi.




10.

11.

12.

13.

14.

15.

16.

17.

18.

iii) Agssemblers of Domestic Refrigerators & }irconditioners :

19.

20.

Alphonso Refrigeration

Enterprises
P O Box 60330

Daikin Kenya Ltd
P O Box 39541 X
Nairobi.

Hall Equatorial Ltd
P O Box 30663

Baricho Road, Industrial Area

~-do-

Gilfilian Technical Services Ltd
Funzi Road

Box 30044

Nairobi.

Daikin Kenya Ltd
Uajir Road - Industrial Area

P O Box 39541
Nairobi.

Kingeway Radio & Refrigeration
Ltd

Muindi Mbingu Street

P O Box 40183

Nairobi.

Qualitrade Air Tech Services
P O Box 48198
Nairobi

Car & General Ltd
P 0 Box 20001,

Nairobi
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Joseph M S Alphonso
Managing Director

Shekhar Bhole
Cheif Engineer

R X Kohli
Managing Director

S Sivaraj
Installalation/Service
Engineer

M B Lambert
Managing Director

N:izar Samji
Executive Director

Karim AR Didarali
Manager

A K Mallick

Manager

-

Nairobi Afrigas Distributors
(K) Limited

P O Box 44922
Nairobi
Head Off Lusaka Road

Show Room : Kimathi Street

-do—

C M Thakar
Admn Manager

M Yakub
Production lManager




21.

22.

23.

24.

25.

iv)

26.

27.

29.

30.

31.

Sanyo Armco (Kenya) Ltd
P O Box 18263
Lunga Lunga Road
Nairobi.

Sanyo Armco (Kenya) Ltd
P O Box 47167
City Hall Annex .

Premier Refrigeration &
Engineering Ltd

Sungura Avenue
Industrial Acrea

P O Box 2424

Nakuru

Kamco Engineering Ltd
Nairobi

-do-

Vehicle Assemblers :

Toyota Kenya

P O Box 45912
Uhuru Highway
Nairobi

Kenya Motor Industry Association
Kaunda Street
Nairobi

Gerieral Motors Kenya Ltd
Enterprise Road

Mombagsa Road

P O Box 30527

Nairobi

Manufacturers of Foams

Bobmil Industries Ltd
P O Box 48876
Nairobi, Kenya

Megh Cushion Industries Ltd
P O Box 18523
Enterprise Road

Foam Plastics Ltd
Industrial A—-ea,
Nairobi.
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Y Hasegawa
Technical Advisor

Farook Qureishi
Marketing Manager

Mr D D Marathe
General MAnager

S Chandaria
General Manager

Edward Jumba
Production Superviser

B M Gachoka
Local Content Manager

Gavin Bsennet

John K Mwirichia
Engineering & Product
Development Manager

Mohankumar
General Manager

G S Kenth
Director

Shanti Shah




32.

33.

31.

35.

36.

41.

42. Agriculture Development Corpn

Users :

Kenya Association of Hotel
Keepers & Cateorers

P O Box 46406

Nairobi

Pullman International Hotels
Nairobi Safari Club

P O Box 43564

Nairobi

Nairobi Serena Hotel
P O Box 46302
Nairobi

Nairobi Hilton
P O Box 306214
Nairobi.

Nairobi Hilton
P O Box 30624
Nairobi.

Railways Workshop

Fresh Produce Exporters
Association of Kenya
Gilfillan House

Nairobi

Horticultural Crops Development

Authority

4th Floor
Uniafric House
Koinange Street
Nairobi

Brooke Bond Kenya Ltd/
Sulmac Co Ltd

Norfork Towers

Kijabe Street

P O Box 42011

Nairobi.
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Mr J Kiti
Chief Executive

Antoni V Kuhnen
General Manager

Wilson M Kyuli
Resident Engineer

Charles Kiruthu
Hotel Engineer

M George Mansour
Cheif Engineer

Francis Shyanguya
Maintenance Engineer
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Directon
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G Institutions

43. Kenya Bureau of Standards B DM Uere
P O Box 54974 Senior Standards Officer
Nairobi )

44. Kenya Consumers Organisation Francis 0 Orago
P O Box 21136 - Executive Secretary
Nairobi

45. -do- D F Oloo

46. Kenya Association of ManufacturersKiarie Kamanu
Hughes Building Senior Executive Officer

Muindi Mbingu St. Room 133
P O Box 30225
Nairobi.

H Government Deptts

47. National Environment Sectt Mr Mugo, Director
Ministry of Environment &
Natural Resources Mr B O K'omudho

Govt of Kenya
Mrc F N Kihumba

Mr Mungai

48. Kenya External Trade Authority Mr Kaitany, Director
49. Registrar of Industries Mrs Alambo
50. Director of Industries Mr Olum

1 United Nations and Others

51, United Nations Industrial Bjarne Larsen
Development Organisation Programme Officer
Kenya International
Conference Centre
P O Box 30218
Nairobi.

’

32. -do- Paul Mwaka
UNIDO Consultant

53. United Nations Environment ProgramK Madhava Sarma
Ozone Secretariat Co-ordinator
P O Box 47074
Nairobi, Kenya




54.

55.

56.

57.

58.

59.

UNEP
P O Box 47074
Nairobi

UNEP

UNEP .

Attache Commercial
High Commission of India,
Nairobi

High Commission of India
P O Box 30074
Nairobi

Engg Export Promotion Council
(India)

Room No. 104

St George House

Parliament Road

P O Box 42030

Nairobi,
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KENYA APPENDIX 2.2

A. COMPUTATION FOR DEMAND OF CFCs IN NEW EGUIPMENT PRODUCTION - NEW DEMAND (1991)

: SUB-SECTOR ¢ TYPEOF  AVG, INIT | WASTAGE (ACTUAL WNIT: DOVID  :CONSUMPTION OF
: : CFC ¢ NRMOF © FARCTOR | AVERAGE :OF NEW EQUIP ! (FC FIR
: : {CONSUMPTION: 1CONSUMFTION: ¢ NN DENAND
: : fWey )y Wey i (NS (fm
{DOMESTIC REFRIGERATION ¢ (FC-€2 ¢ 0.2 : 150 1 030 : 20,000 ! 6.0
+AND DEEP FREETERS ¢ CFC-t¢1 ¢ 080 ¢ W ¢ 066 0 16,000 ! 10.5
{COMERCIAL AND : : : H : :
{INDUSTRIAL REFRIGERATION : : : : :

1 - COLD STORES, COMEL ¢ CFC-12 [ . : 9 : 0 : 5.8

¢ FREETERS ETC. -1 - 2 : 2 : 70 : 1.5

{ - DISPLAY CABINETS etc. ¢ CFC-12 ¢ o5 & 10 ! 5 | 200 H 3.1

: ¢ CFC-11 17 -15: 20 V8 T 00 H 3.5

{ - MBILE REFRIGERATION : (CFC-12 1 7-10 ! & V10 -14 10 : 0.1

H ¢ FC-11 - : - : - : - : -

¢ -OTHER (lcemakers and ¢ CFC-12 ¢ 05 ¢ 150 ¢ 125 : 1,000 ! 15

¢+ seall refrigeration eqpt ! CFC - 11 - : - : - : - : -

: SUB TOTAL v CFC-12 : : : : Fa]

: ¢ CFC -1 H ' H H 6.0
{DOMESTIC & COMERCIAL ¢ CFRC-12 - : - : - : Neg : Ney
{AIRCONDITIONING ¢ OCFC-11 - : - : - : Neg : Ney
{MOBILE AIRCONDITIONING ! (FC-12 1 1.2-1.4: 150 v 1500 : 4.5

: ¢ CRC-11 - : - : ! - : -

a) Demand for nev equipsenl is taken equivalenl to production plus imporls of CFC based equipment

biMastage factor is applied Lo account for losses during storage & handling, reworking/rejections elc.

c)Demand for CFC - 11 for domestiic refrigerators sub-seclor is only for the equipmenl assembled in Kenya.
Iaported refrigeralor cabinels (4,000 Nos)are pre-foamed

d)Actual unit consusption of CFC - 12 is such higher than the nors, due to excessive losses.

This can be substantially reduced by improving the sanufacluring practices
(PAGE 1 OF 2)
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APPESDIX - 2.3
PROFILES OF NMAJOR INDIVIDUAL ENTERPRISES ENGAGED
TMPORTING /ASSEMBLING/PRODUCING AIRCONDITIONING
AND REFRIGERATION EQUIPMENT IN KENYA

NAME & ADDRESS : .
DAIKIN KENYA LTD, P O BOX 39541, NAIROBI

TYPE OF ENTERPRISE : N
Assemblers/Contractors for Commercial Refrigeration and Air-

conditioning equipment

CONTACT PERSONS :
Mr Nizar Samji, Executive Director
Mr Shekhar Bhole, Chief Engineer

ACTIVITY :
Commercial refrigeration and airconditioning : Assembly and

installation of airconditioning & refrigeration systenms
(Commercial)

CFC UTILISATION:

Sub-sector Unit Consumption Utilisation (MT)
Norm 1991
CFC-11 CEC-12 CFC-11 CFC-12
- Commercial and - 3-10 Kg New - 1-1.5
Industrial Recharging - 0.5

Refrigeration

GENERAL
Daikin Kenya has an active association with their parent

company for updated technical inputs regarding new
developments in technology and equipment.

NAME & ADDRESS :
GILFILLIAN TECHNICAL SERVICES LTD, FUNZI ROAD, P O BOX 30044,

NAIROBI

TYPE OF ENTERPRISE
Asgemblers/Contractors for
Air-conditioning equipment

Commercial Refrigeration and

CONTACT PERSON :
Mc M B Lambert, Managing Director

ACTIVITY
Commercial refrigeration and airconditioning : Design and
installation of commercial refrigeration systems. Compresasors
are imported from Carrier. All new designes being done are
based on HCFC-22 instead of CFC-12. Algo carrying out
retrofitting of CFC-12 based systems with HCFC-22 compressors
for some existing installations with flover exporters.
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CFC UTILISATION:

Sub-c:~tor Unit Consumption Utilisation (MT)
Norm 1991
CFC-11 CFC-1i2 CFC-11 CFC-12
- Commercial and - 3-10 Kg New - 1.5
Industrial Recharging - 0.2-0.5
Refrigeration

3. NAME & ADDRESS :
HALL EQUATORIAL LTD, P.O.BOX 30663, BARICHO ROAD, INDUSTRIAL

AREA

TYPE OF ENTERPRISE :
Asgemblers/Contractors for Commercial Refrigeration and Air-

conditioning Equipment

CONTACT PERSONS - '
Mr R K Kohli, Managing Director
Mr S Sivaraj, Installation/Service Engineer

ACTIVIJY
Commercial refrigeration and airconditioning : One of the

ma jor contracting firme in Kenya, for refrigeration and
airconditioning jobs. Services offered 1include design,
fabrication & assembly, installation and maintenance of all
types of commercial a/c and refrigeration systems. Hold
about 40% market share in this segment. Had a tie up with
M/s APV of Austria but the agreement has since expired.

Mobile Airconditioning : In addition to the commercial
gsystema, Hall are also the leaders in servicing of mobile
airconditioning units, handling about 2 vehicles per day

(average).

CFC UTILISATION:

Sub-sector Unit Consumption Utilisation (MT)
Norm 1991
CFC-11 CFC-12 CFC-11 CFC-12

- Commercial and - 3-10 Kg New - 2.5
Industrial Recharging - 3.5
Refrigeration

- Mobile Aair- - 1.5 Kg per New - -
conditioning vehicle Recharging - 1.5

GENERAL

The manpower available with the company comprises of 3
engineers and about 10 technical personnel (qualified as well

as traineesg).
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The senior persons in the company are aware of the impact of
CFCs on ozone depletion. Uherever possible, they recommend
HCFC-22 based agystems to their <clients, but are often
constrained to follow the tender specifications given by the
clients’' consultants. .

4. NAME & ADDRESS :
KAMCO ENGG LTD, NAIROBI

TYPE OF ENTERPRISE : .
Producers of Domestic Refrigerators and Deep Freezers

CONTACT PERSONS :
Mr S Chandaria, General Manager
Mr Edward Jumba, Superviser

ACTIVITY :
Commercial refrigeration and airconditioning : Assembly and

repair of domestic refrigerators and deep freezers, under the
brand name of Phillipasa. Inatalled capaclty is 100 units per
month, and the actual production in the year 1991 was about
800 wunits. Assembly line based on manual operations,
includes a foaming machine. Make three models of 7.5 cu.ft.,
10.5 cu.ft. and 18 cu.ft.

CEC UTILISATION:

Sub-sector Unit Consumption Utilisation (Kgs)
Norm (Kgs) 1991
CFC-11 CFC-12 CFC-11 CFC-12
(Insulation)
- Refrigerators 1.2 Kg/unit 80-300 New 1.0 800
and Deep Freezers ams Recharging - Neg
GENERAL :

Kamco is a subsidiary of the multi-national company Car &
General. They also carry out recharging of about 50 fridges
per year at their workshop.

5. NAME & ADDRESS :
NAIROBI AFRIGAS DISTKIBUTOR (k) LTD, P.O. BOX 44922, NAIROBI

TYPE OF ENTERPRISE :
Producers of Domestic Refrigerators and Deep Freezers

CONTACT PERSONS :
Mr C M Thakar, Administrative Manager
Mr M Yaqub, Production Manager

ACTIVITY :
Commercial refrigeration and airconditioning : Engaged in

production of a wide range of white goods, including domestic
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refrigerators, which are produced in three gizes 6 cu.ft, 8
cu.ft and 12 cu.ft. Have a collaboration with Siltal Casa,
Italy, from whom the CKD kits alongwith the chemicals are
imported. . Inetalled capacity is about 50 fridges/day, while
the production is 20-25 nos. per day. Foaming and charging
is done at the works.

CFC UTILISATION: .
Sub-sector Unit Consumption Utilisation (Kgs)
. Norm (Kgs) 1991
CFC-11 CFC-12 CFC-11 CFC-12
- Refrigerators - 75 to 190 New 3.5* 1.2
and Deep Freezers gms/unit Recharging - 0.4

* Blended with polyol

GENERAL :
Also undertake servicing of domestic refrigerators as wvell as

some commercial equipment (cold rooms etc.) but the level of
activity is low.

6. NAME & ADDRESS :
PREMIER REFRIGERATION AND ENGG. LTD, SUNGURA AVENUE

INDUSUTRIAL AREA (P.O. BOX 2424), NAKURU

TYPE OF ENTERPRISE
Producers of Domestic Refrigerators and Deep Freezers

CONTACT PERSON :
Mr D D Marathe, General llanager

ACTIVITY
Commercial refrigeration and airconditioning : The largest
producers of domestic refrigerators, chest freezers, display

and bottle <coolers, in collabgoration with LEC
Have in-house press shop, paint shop
including

cabinets
Refrigeration Plc., UK.
and assembly 1lines for different products,

insulation foam blowing and charging.

CFC UTILISATION:

Sub-gsector Unit Consumption Utilisation (Kgs)
Norm 1991
CFC-11 CFC-12 _FC-11 CFC-12
(Ilnsulation)

- Domestic Refri- 0.5-1.0 Kg 130 gms New 4.0 1.25
gerators and deep per unit per unit Recharging - -
freezers

- Commercial 1 Kg/unit 200-450 New 4.5 1.5

(display cabi- gms/unit Recharging -

nets & bottle
coolers
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GENERAL :
Import their requirements of CFC-11 & CFC-12 directly from

ICI, UK & Galco, Belgium regspectively.

NAME & ADDRESS : 3
REFRIGERATION CONTRACTORS LTD, P.O. BOX 78782, NAIROBI

TYPE OF ENTERPRISE : .
Assemblers/Contractors for Commercial Refrigeration ann

Air-conditioning equipment

CONTACT PERSON :
Mr R K Tejani, Director

ACTIVITY =
Commercial refrigeration and airconditioning : Refrigeration

Contractors Ltd handle a variety of commercial refrigeration
and airconditioning jobs for use in cold storages, ice

plants, hotels.

Total quantity of CECs handled comprise about 20 HT of CFC-12
out of which about 50% is sold to small users and balance for
airconditioning and refrigeration jobs). For insulation foam
in the panels, they use blended polyols with isocyanate which

are sprayed on the panel surface.

CFC UTILISATION:

Sub-gector Unit Consumption Utilisation (MT)
Nocm 1991
CFC-11 CFC-12 CFC-11 CFC-12
- Commercial and - 3-10 Kg New 1.25 7.0
Recharging - 4-5

Industrial
Refrigeration

GENERAL :
The total technical staff available is 6 persons besides two

directors who are themselves experienced in the field of
refrigeration & airconditioning.

Besides undertaking fabrication, installation and maintenance
jobs, they are also engaged in import of CFC-1i2 (from Galco
Ltd., Belgium) as well as various components for captive wuse

vell as sales to other users by the industry. CFC-12 |is

as
13.5

sold by them to small users in disposable cylinders of
Kag capacity.

8. NAME & ADDRESS :
REFRIGERATION CENTRE P.O. BOX 44883, NAIROBI

TYPE OF ENTERPRISE :
Assemblers/Contractors for Commercia

conditioning equipment

1 Refrigeration and Air-
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CONTACT PERSON :

Mr M Alam
ACTIVITY :
Commercial refrigeration and airconditioning : Engaged in
assenbly, installation and maintenance of commercial

refrigeration and airconditioning equipment.

-

CFC UTILISATION:

Sub-sector Unit Consumption Utilisation (MT)
Norm 1991
CFC-11 CFC-12 CFC-11 CFEC-12
- Commercial and - 3-10 Kg New - 0.5-1
Industrial Recharging - 2.0

Refrigeration

GENERAL :
Nitrogen is used for flushing & cleaning. For leak detection

they have a flame detector as wvell as electroric leak
detection instrument.

9. NAME & ADDRESS :
REMCO LTD, P.O. BOX 18172, INDUSTRIAL AREA, NAIROBI

TYPE OF ENTERPRISE :
Assemblers/Contractors for commercial refrigeration and air-

conditioning equipment

CONTACT PERSON :
Mr J Dean, Director

ACTIVITY

Commercial Refrigeration and Airconditioning : Types of
equipment assembled, installed and serviced include <cold
rooms, freezer rooms, ice plants etc. Main activity |is
fabrication of new equipment and providing maintenance

support to clients.

CFC UTILISATION:

Sub-sector Unit Consumption Utilisation (MT)
Norm 1991
CFC-11 CFC-12 CFC-11 CFC-12
- Commercial and - 3-10 Kg New - 1-1.2
Recharging - 0.5

Industrial
Refrigeration

GENERAL :
The technical personnel «consist of diploma holders and

experienced technicians, who are supervised by the directors
for specific jobs.
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10. NAME & ADDRESS :
SANYO ARMCO (KEMYA) LTD, P.0.BOX 18263, LUNGA LUNGA ROAD,

NAIROBI

TYPE OF ENTERPRISE :
Producers of Domestic Refrigerators and Deep Freezers

CONTACT PERSONS : .
Mr Y Hasegawa, Technical Advisor
Mr Farook Qureishi, Marketing Manager

ACTIVITY :

Commercial refrigeration and airconditioning : Assembly of
pre-foamed Kkits imported from parent company Sanyo, Japan.
Installed capacity-20 units per day, while the producticn was
approx. 4200 nos. per Yyear in.1991. use imported equipment

for vacuum charging and leak testing.

CFC UTILISATION:

Sub-sector Unit Consumption Utilisation (Kgs)
Norm (Kgs) 1991
CFC-11 CFC-12 CFC-11 CFC-12
- Refrigerators - 85-170 New N.A 850
and Deep Freezers gms /unit Recharging - Neg
GENERAL :

Algo gervicing of Sanyo brand refrigerators handling about 10
refrigecators per month (for recharging).

11. NAME & ADDRESS :
TOYOTA KENYA LTD, P.O. BOX 45912, UHURU HIGHUAY, NAIROBI

TYPE OF ENTERPRISE :
Production of airconditioned cars

CONTACT PERSONS :
Mc B M Gachoka, Local Content Manager IMr Thomas Maina,

Training Manager
[ ]

ACTIVITY

Mobile Airconditioning : Engaged in assembly and servicing of
Toyota vehicles in Kenya. The kits are imported from Japan
and the vehicler are got asgembled at the facilities of
Associated Vehicle Agssembles (AVA) at Mombasa, who are also
assembling the vehicles for Peugot, Marshall, Lancer, Subaru,
Mitsubishi, etc. Have a market share of about 18% in Kenya
with production of about 2000-2500 vehicles per Yyear. Only
one of the models (1600 CC corolla) is fitted with
airconditioners which comprises about 10-15% of production.
This too was introduced in August, 1990.
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The charging of the refrigerant in the alrconditioner unit is
done at Toyota Kenya's workshop. They have a trolley mounted
charging station imported from REFCO Manufacturing Company,
Svitzerland, and also a hand held Electronic Leak Detector.

CFC UTILISATION:

Sub-sector Unit Consumption Utilisation (MT)
Norm 1991
CFC-11 - CFC-12 CFC-11 CFC-12
- Mobile air - 1.2 Kg New - 0.5
conditioning Recharging - 0.3
GENERAL :

Toyota Kenya have recently received technical literature from
their Japanese principles giving details about the mobile-
airconditioning unit which uses R-134a as the refrigerant
instead of CFC-12. This literature provides details about
the differences between the two types of systems in terms of
components, materials, oils, maintenance procedures etc.
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METHODOLOGY FOR PROJECTING DEMAND OF AIR
CONDITIONING & REFRIGERATION EQUIPMENT

For the purpose of projecting demand, the airconditioning
and refrigeration equipment have been classified into two
broad categories, defined as follows :

- Consumer Products : Those controlled by consumer
driven markets. In .case of products under the study,
these would be include a domestic refrigerators &
deep freezers and car-airconditioners.

- Industrial Products : Those controlled by growth in
end use industries/sectors; these would include :

% Commercial & industrial refrigeration (cold
rooms, refrigerated trucks, industrial chillers
etc)

* Zommercial airconditioning (chillers)

CONSUNMER PRODUCTS

The type of consumer products being considered by us can
be clasgsified more specifically as "consumer durables”
since these products have a long life (equal to or greater
than 10 years). Since the bulk of the demand 1is for
domestic household use, the household can be identified as
the idependent entity which influences demand. The demand
for household goods of a durable nature can often be
predicted by adopting a s-shape penetration curve, as

shown belowv :

% of house- 100 -
holds penetra-
ted (population 90 -
of products
under congi- 80 -
deration/no.of — —>
households 70 - Period
in target of Ma-
market gsegment) 60 - turity
50 -
40 -
30 - =4 D 4
-< >{Period
20 - < >1Period |jof Sa-
Period |Jof tura-
10 - of in- |[Growth |[tion
troduc-
o - tion
T ¥y ] 1 ] I T ]

Time (number of years)




The likely penetration in the future has been modelled by
us using the S-shaped curve on the basis of two fore:asts
of growth - high and low. The methods considered by us to
forecast growth were

- Multiple regression analysis; this consists of the
following steps :

* identification of factors likely to influence
demand such as real per <capita income of
different consumer classes, real private final
consumption expenditures of different consumer
clacsses, price trend of products under
congsideration etc.

* establishing statistical co-relation of above
factors (independent variables) with past trend
in demand of products under consideration

(dependent variable)

* projection of future values for independant
variable(s) and., consequently for, dependent
variable viz demand of products under

consideration.

The desired data on independsant variables (such as
class wise real per capita income) was not available
separately for =ach country. Also, the past trend in
demand of dependent variable (viz product wunder
consideration) was availéble only for a limited
number of yrars. Tharetore, no meaningful
statistical regression analysis could be obtained for
any country.

- Judgements based on estimates given by manufacturars,
industry expaerts and industry asgociations in
respective countries. These estimates given by
manufacturers, industry experts and associations warse
based on the experience/judgement of these agencies/
individuals regarding :

* factors incluencing demand and expactations
governing growth

* supply constraints operating in the industry
such as high cost of imported components and
infrastructure constraints.

In the absence of statistical analysis of past data,
these estimatas were used for estimating future
demand for each country.
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INDUSTRIAL PRODUCTS

The growth of these products can normally be linked to the
growth of end wuse industries/sectors in which these
products are being used after taking into account the
following factors :

- Relative penetration/share of usage of product in
different end-use industries/sectors.

- Presence/absence of any "substitution effacts” viz
impact on demand due to substitution by/of
alternative products.

The 1level of data available on end-use distribution was
not sufficient in any of the project countries to do a
detailed end-use wise analysis of future demand.
Therefore, estimation of future demand, has been based
largely “on discussions with manufacturers and industry
experts, also by taking into account qualitatively the
likely impact of above mentioned factors.

IT. Basis used for demand projections for equipment as well as
refrigerants, are as follows

1. Demand for squipment has been taken as wequivalent to
production + imports, and computed for each year on
the basis of an annual growth rate.

2. Two growth rates have baaen taken for projactionof
"High' &% "Low' demands. These growth rates are based
on the =stimateg given by the industry/associations
and/or Govaernment bodies. Higher rates are mainly
indicated by industry. Keeping in vi=w that industry
ostimates are normally higher than practicslly and
economically achievable, the lower growth rates have
been taken as half of higher rates.

3. The Phase out (of CFC based equipment) has been
indicated as a proportion (% age) of demand which is
experted to be replaced by equipment based on CFC
substitutes for the respective years.

4. The population of the equipment has been estimated
for :
a) Total population comprising of equipment based

on both CFCs as well ags substitutes.
bh) Population of only CFC basged equipment

5. The population ostimates have bwaen carried at on the
basis of age of the industry and life of expectancy
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of the equipment, and after adjusting for number of
aquipment expected to be scrapped.

6. The demand for CFCs has been categorised as follows :
a) Refrigerant i) New Demand for original
equipment manufactured/

agsembled/imported.
ii) Recharging demand for the

arising from servicing of the
existing population

b) Foaming New Demand for original equipment
Agency manufactured/importad
7. The ratio of new CFC demand to aquipmant demand (CFC

based) in 1991 has been used for computation of new
CFC demand for future years.

8. Similarly, the ratio of recharging CFC demand to
equipment population (CFC based) in 1991 has been
used for computation of recharging CFEC demand in
future years.

9. The computation of recovarable quantities of
refrigerant CFCs comprises of -

a) Recovery during servicing of existing population
which is based on the ratio of cr=coverable
quantity in 1991 to recharging Jdemand in 1991.
The norms for recoverable quantities tor 2ach
sub-gsector in 17291 are given in Chapter - V.

b) Recovery from CFC  based eguipment which 15
scrapped each y=ar.




CONGUMPTION PATTERN FOR CFCs IN AIRCONDITIONING
4 REFRIGERATION SECTOR IN KENYA

APPENDIX -

25

V1991 1993 1995 19% 1997 1999 2005 2007 2010 :

A. DRESTIC REFRIGERATORS AND DEEP FREEIERS :
f. Total desand (°000) # LON (NDS.): 20000 21010 22080 22430 23200 24370 28240 29690 31970 .
HIGH (NDS.): 20000 22050 24310 25530 25810 29560 39620 43680 50540 ©

2. Pepulation of equipsent (°000) LOM (NDS.): 335000 351160 368150 376940 385990 404740 465890 489750 526230 ©
HIGH (NOS.): 335000 352200 373030 384740 397380 475690 537420 588900 6746340 ¢

3. Phase-oatl of CFC based equipsent (1) : 0 0 Fa) 50 100 100 100 100 100 :
4, No. of CFC based equigaent  LON (NOS.)! 20000 21010 16560 11315 0 0 0 0 0:
HIGH (NDS.): 20000 22050 8213 12745 0 0 0 0 0:

5. Popuhtic-n of CFC based ref. LON (NOS.): 335000 351160 342630 350125 345955 316555 219155 183355 126245 !
HIGH (NOS.): 335000 35220C 366953 345898 351728 322328 224928 189128 132018

5. Number of aged refrigeratorsts LON (NDS.): 12210 12830 {3430 13820 14170 14380 7250 18120 19510 ¢
HIGH (NDS.): 12210 12830 {3480 {3820 14170 14380 {1750 18120 19510 :

7. Nusber of ref. reinstalled  LGM (NDS.)! 7326 7698 8088 8292 8502 8928 40350 10872 11706 :
9 607 of aged ref. HIGH (NDS.): 7326 7698 8088 8292 8502 8928 10350 10872 11708 .

8. Ne. of scrapped ref. LOW (NDS.): 4884 512 5392 12854 13180 13842 16050 14840 18134 @
3 A0 of aged ref, HIGH (NOS.): 4884 5132 53%2 12854 13180 13842 16050 15860 18134

9. Demand for CFC 12 : :
= 0E Deaand LW 1y ¢ 80 63 5.0 3.4 0.0 0.0 0.0 0.0 0.0:

HIGH (fT) 3 6.0 6.6 5.5 3.8 60 00 0.0 0.0 0.0

- Recharging Desand Lk (MM ! .7 5.4 159 5.8 15.2 3.9 9.6 8.0 3.3

HIGH (M) ! 4.7 5.5 6.1 6.1 154 14.4 9.9 &3 58

- Total Desand LW (M) ¢ 207 297 209 192 5.2 3.9 96 KO 55

HIGE im) ¢ 207 2.4 216 19.9 5.4 149 9.9 8.3 5.8

10, Desand for CFC 11 LoW (MT) ¢ 10.5 . 87 5.9 0.0 0.0 0.0 0.0 0.0
HIGH (M) ¢ 10.5 9.6 &7 00 00 00 0.0 0.0

11, Total CFC Desand Low om 3 K¢ 0 Fa] 15 L} 10 8 6.
HIGH (0T) ¢ 31.2 kL k1] a 15 1* 10 8 6.

12. Recoverable CFC Low om ¢ 9.9 104 107 10.6  10.2 9.4 b3 5.4 K H
HIGH oM ¢ 9.9 1.4 108 108 10.4 9.5 b6 3.6 3.9

13. Recovery from scrapped ref . #4# LON (NT) | 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2
HiGi (NT) ¢ 0.9 0.4 0.1 0.2 0.2 0.2 02 0.2 02!

14, Total recoverable quantily of CFC-12 (M) ¢ 10.0 10.4 10.8 0.8 0.4 9.5 4.7 5.6 4.0
My ¢+ 0.0 0.5 109 11.0 0.6 9.7 b8 5.8 4191

¢ Growth rate for desand of ref. taken as 2.5 (low) and 51 (high) per annus based on eslimales of Lhe industry asseci
# Initial life of refrigerators taken as 20 years and life of reinstalled ene is Laken as 3 years
#4s 101 of inilial charge of scrapped refrigeralors is recoverable

(Page 1 of &)




APPENDIX - 2.° (Contd,,)

199 1995 1995 199 1997 1999 2005 2007 2010

B. COMERCIAL REFRIGERATION

I. COLD STORES/COLD ROOMS

e mw 4% em e ww So mm e

1. Tetal demand & LO¥ (NDS.) 50 810 870 900 90 990 1220 1300 1450 !

RIGH (NDS.) ™ 80 00 930 90 1030 120 1350 1500 ¢

2. Pepulation LM (NDS.): 8000 9590 11300 12200 13130 15080 19150 20200 22200 :

HIGH (NDS.): 8000 9610 113830 12310 13270 {5300 19590 20740 22870 !

3. Phase-sut of CFC based equipnent (1) : &0 100 100 100 100 100 100 100 |

4. Deaand for CFC based wnits LOW (NOS.}: 750 3¢ 0 0 0 0 0 0 0:

HIGH (NDS.): 750 3R 0 0 0 0 0 0 0:

5. Population of CFC based unils##{OM (NDS.)! 8000 3909 8909 4909 8909 8909 459 4749 2549

HIGH (NOS.): 8000 8917 8917 87 8917 8917 &b7 4757 8557 ¢

6. No of CFC based unils scrapped ¢ H 510 810 650 ¢

11. DISPLAY CABINETS : :
1. Total desand LOM (NDS.)! 2500 <890 3340 35N 3840 M0 &89 7970 9900

- HIGH 'NDS.): 2500 3090 3580 3840 4130 4770 7370 8520 10590 ¢

2. Population LOM (NDS.): 18500 24080 30530 34120 37980 46590 79710 91477 112556 @

HIGH (NDB.): 18500 24280 31180 35020 39150 48350 83890 96717 119835 .

3. Phase-out of CFC based equipment (1) : & 100 100 100 100 100 100 100 :

4. Desand for CFC based unils LOM (NDS.): 2500 1156 0 0 0 0 0 0 0:

HIGH (NOS.): 2500 1236 0 0 0 0 0 0 0:

5. Populalion of CFC based unils LOW (NDS.): 18500 21674 21574 21674 21674 21674 20054 15841 10521 @

HIGH (NOS.): 18500 21754 21754 21754 21754 21754 20134 16521 10601 ©

b. No of CFC based units scrapped + ; 1620 1872 1745 :

I11. DEMAND FOR CFC 12 (3) : :
~ 0 Desand W 5 249 0.0 6.0 0.0 00 0.0 0.0 0.0 :

HIGH (WT) 5 8.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ;

- Recharging Desand LOW (MT) @ 267 3.5 305 3NS5 W05 305 247 194 1.4

HIGH (MT) ; 28,7 3.5 30,5 305 30.5 305 267 195 4.5

- Total Desand LW (m ¢ 51,7 55.4 305 305 0.5 305 4.7 19.4 114

HIGH (6T} : 51,7 S6.4 305 305 305 305 207 195 115

IV. DEMAND FOR CFC 11 : ;
- 0E Deaand LW (W) & 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :

HIGH (MT} ¢ [ 62 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :

V. RECOVERABLE CFC-12 oW (MM ¢ 3.4 5.3 5.3 {153 5.3 5.3 2.4 9.7 5.7
HIGH (M) | 3.4 5.3 15.3 5.3 5.3 5.3 2.4 9.8 5.8

VI. RECOVERY FROM SCRAPPED EQUIPMENT  (MT) ! 0.5 0.7 0.5
VI1. TOTAL RECOVERABLE GTY, OF CFC-12 (MM 3.4 15,3 153 5.3 5.3 15.3 2.9 0.4 6.2
(MM : 134 5.3 5.3 153 5.3 153 129 105 8.3

Nole :

#  Growth rates for cold stores § cold rooms are laken @ 72 (high) and 3.5T (low) while for display cabinels il is
taken as 151 (high) and 7.5% (low). These are Based on Lhe estimales of Lhe producers and the projected growth
rales for the major end user indusiries, viz holels (51), agricultural & horticultural crops (161),

#  Initial life of equipment is taken as 20 years and life of installed one is laken as 5 years,

#4 10X of inilial charges of scrapped unit is recoverable.
+  The other application areas of commercial refrigeratlion, viz industrial, mobile etc constifule only & very saall proper-

tion of the sub-seclor and hence the desand projections, 2re done enly for cold rooms/cold stores and display cabinels
{including boltle coolers). Hovever, the CFC desand forecast includes the requiresent of all the application areas.
{@) This includes the total desand for cold slores/rooms, comsercial freezers, display cabinels, refrigerated trucks
as well as other saall commercial refrigeratior equipments (Page 2 of 4)




APEENDIX - 2,5 (Contd..)

CO19 1993 1995 1996 1997 1999 2005 2007 2010 :

C. MOBILE AIRCONDITIONERS H :
1. Tetal desand of cars & - LON (NDS.): 21000 21640 22290 22620 22960 23650 25860 26640 27850 |
HIGH (NOS.): 21000 260 24350 5080 26600 31T 33700 36820 ¢

2. Demand for AC cars -UN (NDS.)! 1500 1350 1590 1520 1640 190 1850 1900 1990 ¢
HIGH (NDS.):! 1500 1590 490 1740 {1790 1900 2270 2410 2430 !

3. Pepulation of AC cars -L0M (NDS.)! 9500 12570 {5730 17350 148990 22340 25520 24280 27450 !
HIGH (NDS.): 9500 12610 15940 17680 1M70 23220 28390 3009¢ 22830 .

4. Phase-sul of CFC-12 based equipaenl (1) 0 L] 80 100 100 100 100 100 @
3. Number of (FC-12 AC cars - LN (NDS.): 1500 15%0 4 kL] 0 0 0 0 0:
HIGH (NDS.): 1500 1590 1044 348 0 0 1] 0 0:

b. Pepulation of CFC-12 AC cars - LOM (NOS.): 9500 12570 15090 15410 {5410 15440 11285 8650 4383 :
HIGH (RDS.): 9500 12610 15260 15610 15610 15610 11485 8845 4443 .

7. lmber of aged car ACs 3+ - LOW (NOS.): 1500 1520 94 0
- HIGH (NOS.}: 1500 1550 1014

8. Nusber of reinslalled car ACs - LOW (NOS.): 750 760 an7
@ 501 Of aged car ACs - HIGH(NOS.): 750 s 307 ;

9. Ne. of car AC scrapped - LW (NDS.): 1S 1385 1227
@ 501 Of aged cars - HIGH (NODS.): 15 1400 157

10, Demand for CFC-12 H :
- (E Desand -LOW (MTY 45 4.7 2.9 1.0 0.0 0.0 0.0 0.0 0.0 :

HIGH (M) 3 4.5 4.8 3.0 1.0 0.0 0.0 0.0 0.0 0.2

- Recharging Desand - LOW (MDD ;2.0 26 32 32 3.2 3.2 24 1.8 6.9:

HIGI (T} ¢ 2.0 2.7 3.2 3.3 3.3 1.3 2.4 1.9 1.0 ¢

- Total Desand - LW My : 6.5 7.3 6.0 4.2 3.2 3.2 2.4 1.8 2.9

HIGH (M) ¢ 4.5 7.4 6.3 4,3 3.3 3.3 2.4 1.9 1.0 ¢

11. Recoverable CFC -LM Mmoo 1. 1.5 1.7 1.8 1.8 1.8 1.3 1.0 0.5
HIGH (M) ¢ 1.9 1.5 1.8 1.8 1.8 1.8 1.3 1.0 0.5

12. Recovery from scrapped equipnent #43 H '
4108 (M) 0 0 0 0 0 0 1.4 1.7 1.5

-HIGH (MT) 0 0 0 0 0 0 1.4 1.7 154

13. Totlal recoverable quantity of CFC-12 (MT) ! 1.9 1.5 1.7 1.8 1.8 1.8 2.7 2.7 2.0
11 1.5 1.8 1.8 1.8 1.8 2.7 2.7 2.0

% Growth rate for desand of cars laken as 1.52 on lov estisale and 37 on high eslisate based on feedback fros industry

and Lhe associations
o Initial life of AC cars Laken as 15 years and life of reinstalled one is taken as 5 years
s#8 107 of initial charge of scrapped ACs is recoverable {Page 3 of &)




APPENDIX - 2,5 (Contd,.)

V199 993 1995 1996 1997 999 2005 2007 2010 :

TOIAL DEMAND FTR CFC -12 (MT) : k
1. NEN DEMAND LOW ¢ BS5 B8 7.8 4.4 6o 0.0 0.0 0.0 0.0:

HIGH ¢ BS N2 8.5 4.9 0.0 00 0.0 0.0 0.0

2. RECHARGING DEMAND Low PB4 BbL WS S BT NS BT B3 1.9
HIGH B BE e BE B2 VY 7.0 BT 183!

3. TOTAL DEMAND LOW {9 M4 574 3.9 BT &6 BT 3 1.9
HIGH i 7Y 858 583 AT 82 &% N0 AT K3

4. RECOVERABLE QUANTITY LO§ P AS 2.2 2.8 21y A5 s 22 18 2%
HIGH P NS 2.2 8.0 284 2.7 B8 24 9.0 125!

TOTAL DEAND FIR CFC -11 (M) : :
1. NEW DEPRND LOW V1S 17.0 8.7 5.9 0.0 0.0 0.0 0.0 0.0 :

HIGH 165 1.8 9.6 8.7 0.0 0.0 0.0 0.0 0.0 :

2. RECHARGING DEMAND LW : 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :

HIGH ; 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3. TOTAL DEMAND ] ¢S 1.0 8.7 5.9 0.0 0.0 0.0 0.0 0.0 :

HIGH i 165 1.8 9.6 6.7 0.0 0.0 0.0 0.0 0.0 :

4. RECOVERABLE QUANTITY LoW ; 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RIGH : 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :

{Page 4 of 4)




SCHEMATIC FOR REFRIGERANT
RECOVERY EQUIPMENT

AIR CONDITIONING/

SOLENOID VALVE

APPENDIX - 3.1

REFRIGERATION
SYSTEN
RECYCLING
EQUIPMENT
HOOK-UP

LIQUID/OIL
SEPARATCR &
PRIMARY DRIER

COMPRESSOR

RECLAIN
CYLINDER

CONDENSER




SCHEMATIC FOR REFRIGERANT

RECOVERY & RECYCLING EQUIPMENT

A. SINGLE PASS

APPENDIX - 3.2

AIR CONDITIONING
REFRIGERATION
SYSTEN
SOLENOID VALVE
RECYCLING LIQUID/OIL COMPRESSOR
EQUIPMENT SEPARATOR & |
HOOK-UP PRIMARY DRIER
i
MOISTURE -3 I
S INDICATOR I
i
| REFRIGERANT AUTOMATIC |
| CIRCUITRY AIR PUROCE |
| 1E APPLICABLE _L |
I 1
o STORAGE MASTER CONDENSER oIL
TANK DR IER . SEPARATOR
B. MULTI-PASS
AIR CONDITIONING/
REFRIGERATION
SYSTEMN
RECOVERY
SOLENOID VALVE
RECYCLING
EQUIPMENT
HOOK-UP
LIQUID/OIL FILTER
L SEPARATOR DRIER COMPRESSOR
_ AIR PURGE
{
MOISTURE M STORAGE l oIL
INDICATOR TANK SEPARATOR
RECYCLE HIGH
PRESSURE

SOLENOID VALVE

SUITCH
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APPENDIX-3.3

~BROCHURES[TECHNICAL DETAILS OF RECOVERY AND

RECYCLING EQUIPMENT

Refrigerant Recovery System Inc., USA

Recovery system
Model RC - 1

Re juvenator (Recycling)
Model ST - 1000
Model ST - 100

Corporation, USA
Model OEM 1380

Model OEM 1396
Model OEM 1397

United Technologies Carrier

Model 19 Q 4

Environmental Products Amalgamated Pty Ltd, Australia

Skyemite (recovery unit)
Skyemate (recycling unit)
High Capacity recovery & recycling

- Model EP3HC
- Model EP3HCHN
- SKYE 134a

- EP4

- EP4HC

- EP5

Javac Reco, Australia

Model Reco - 1 (Recovery Unit)
Model Raco - 125 (Recovery & Recycling

Model Reco - 134S (Recycling Unit)

Technical Chemical Company, USA

Sercon 9000
Sercon 8000
Sercon 5000

Unit)
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RC-1

Recovery System

Specially Designed
For Portability

REFRIGERANT RECOVERY SYSTEMS, INC.
P.O. Box 360298 e Tampa, FL 33673




Never Release Refrigerant

In Shop Or Air Again

The Rejuvenators ¢ Easy « Safe « Cost Effective

ﬁ'l”’ RECOVER REFRICERANTS "CF(.'S”: Several years ago Mr. Tarlor, a parts manufacturer and owner of auto ai)
conditioning repair facilities in the State of Florida, recognized the need to recover the large amount of refrigerant (R-i2) being
used at his facilities. Since that time. it has bicome increasingly evident that there is another need for recycling refrigerants

and that is the continuiny destruction of wur carth’s vione layer.
The Ozone layer, often called a sereen or shicld, roughly 10 - 30 'miies above the earth’s surface has been credited with

protecting us. the earth. from the damaging Ultra Violet Rays of the Sun.
We must act quickly to stup the destruction of var vzone shield. or canopy by recovering as many CFC'S as possible.

Juoin with Refrigerant Recovery Svatems. Inc.. the Company with the technology and experience to make a difference, in helping

to efiminate this threat tu the entive world.

SAVE VALUABLE TIME AND LABOR
COSTS WHEN RECOVERING REF-
INTRODI!ICTION RIGERANT FROM SMALLER UNITS
Refrigerant Recovery Systems, Inc., realizing the o R X
very special needs of the residential/cornmercial = Lo et &""""' - %
contractor is proud to present the RC-1. e

Designed with the resicential/commercial contrac-
torinmind, the RC-1 will recover the refrigerants thru
the day and allow you to process it at your facility
later.

Weight, portzbility, and cost have been a factor long
overlooked by the machire manufacturers. Here is
the system for those jocs that are loo small for the
costly high tech recovery & recycle systems.

SPECIFICATIONS:

. s s : ~rn h 2rr _~ . o
* Prewired and prepiced at the manufacturers DlmenSI'ons 167 High x 127 Leep « 16" Wice
Weight: 40 Ibs

facility,

¢ Easy access to filters for changing

¢ Cabinet: Aluminum construction with gauges,
valves, and controls easily accessable for view-
ing and operation.

* Tank: D.O.T. 4BA-2€C Tank Rated 47.6 W.C.

20.3 TW (50 Ib.) for safe operation. _
For Information On How To Order, Call Your Local Dealer or Call
Toll-Free Aumbers: Florida Wats - 1-800-533-2845
Outsidde Florida - 1-800-327-9142 ¢ Local - (815 237-1266

WAr=ANTY TmEt AC-1 HAS A 1 TZAR WARRANTY.
Crra i your aisinbutor tor full wearranty informaltcn




The Rejuvenator

Removes And Cleans Contaminated Refrigerant

STOP POLLUTION

REFRIGERANT RECOVERY SYSTEMS, INC.
P.O.Box 360298 e Tampa, FL 33673
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In Shop Or Air Again

The Rejuvenators ¢ Easy ¢ Safe * Cost Effective

{ WHY RECOVER REFRIGERANTS "CFC'S™: Several years ago Mr. Taylor, a parts manufacturer and oumer of auto air)
conditioning repair facilities in the State of Florida, recognized the need to recover the large amount of refrigerant (R-12) being
used at his facilities. Since that time. it has become increasingly evident that there is another need for recycling refrigerants

and that is the continuing destruction of our earth’s ozone layer.
The Ozone layer, often called a screen or shield, roughly 10 - 30 miles above the earth’s sulfac( has been credited with

protecting us, the earth. from the damaging Ultra Viole: Rays of the Sun.
We must act quickly to stop the destruction of our ozone shield, or canopy by recovering as many CFC'S as possible.
Join with Refrigerant Recovery Systems, Inc.. the Company with the technology and experience to make a difference, in helpiuﬂ

\ (o eliminate this threat to the entire worid.

INTRODUCTION: - SAVE ON REFRIGERANT COSTS IN
YOUR SERVICE CALLS:

Refrigeram Recovery Systems, Inc. Tampa, Florida, known
to many as “The Company ahead of s ume® with the
Repwvenator, a remarkably efficient refrigerant recavery
machine. Now, “The Company ahead of everyone eise® with
both technology and quality, introduces the Heavenato/.
@ UL Certified to meet SAE Standards.

® Using a patented distillation process, the Rejuvenator will
recover refrigerants at a rate of 3-6 ibs. per minute for the
ST-1000 and 2-3 Ibs. per minute for the ST-100, depending
on the amount of liquid available and the ambient

temperature.

@ Pre-wired and pre-piped at the manufacturers facility. 7

@ Corrosions resistant copper tubes and fittings; Copper . ) ..

tube and aluminum fin condenser. $7:100 draining the con-
. . taminated refrigerant from

@ High Pressure Relief Valive. a disabled residential air

® Automatic Operation. conditioning unit.

@ Easy Access 1o filters for changing.
@ Cabinet: Aluminum construction with guages, valves, and
controls easily accessable for viewing and operation.

SPECIFICATIONS:

SAVE VALUABLE TIME AND LABOR © Refrigerants:  R-12;R-22; R-500: R-502
COST WHEN RECOVERING REFRIG- - Dimensions: ST-1000 — 34" High x 18" Wide » 14" Deep:
ERANT FROM LARGER UNITS: ; ST-100 — 29" High x 18" Wide x 14" Deep.

Weight:  ST-1000 — 130 Ibs. approximate:
ST-100 — 76 Ibs. appronimate.

{  Storage Tank: S1-1000 — 70 Ib. refillable;

ST - 1000 ST-100 — 70 Ib. refillable.

Draining the
contaminated

refrigerant
Toll-Free Numbers: Florida Wats - 1-800-533-2845

from a com-
Outside Florida - 1-800-327-9142 » Local - (813) 237-1266

mercial air
conditioning

1
|
, For Information On How To Order, Call Your Local Dealer or C3ll
!
{
. ]
un. \

WARRANTY ALL REJUVENATORS HAVE A TWO <) YEAR
WARRANTY. Contact your disinbutor for ol warranty informatian.

LS PATENT 84,030,527 PATENTED IN THE UNITEL STATFS ArD 14 FOREICN COUNTRIES




The Solution: OTC

The majority o these CFC's come fram the
refrigerant usec n mot:ie air condinoning units.
They are relezs=c in:2 the atmosphere from
leaky A C's arc irom rscharging and service
operations.

oo )
QST

The United S:ates. z'ong with 48 cther
counires. has :axen s 20s to himut prcduction

INTRODUCING. ..

and use of CFC's, including the R-12 type used
in vehicle air conditioning units. The plan is to
eventually eliminate them completely.

Like ycu. we are concerned about the depietion
of the ozone layer. But we know you can't afford
to gu:t servicing air conditioners, either. We think
we cz~ help soive both problems.

the OTC Refrigerant Recovery and Recycling System!

We've got two ns.n uniis 12 =eip vou in your Guest for
faster. safer. clez-=2r Frecn recovery and recychng.
Introducing the C=:413EC arc¢ OEN13956. eacn with
features designec :c maxe reingerant recovery less
of a chore!

They can be usez on cars. ‘rucks. trac:ors. anc RV's
(using R-12 refrz=zrant.. sc your service potentai
isn’t hmited. Trz speec ci reccvery of beth units
means less ¢ ce of 1ying up your shop with
vehicles just wa:l. =g !0 be servicec.

From =
=T

-
=
e

PLUS, these other features:

OEM 1380:

UL approvecz.

Iceal for higr- solume s7¢
recycles 2': =s. per min.
system {o a vzcuum
Compatible ~ 10 al crzrging sialens Mo
equipoMment NsceC

Filter pressc-z mon ic- 2n¢ g ores
Automatic 2 - curge

ra g

[

wn

liquId recyc: =g mel~nC as3ures complete punty

ticr of a filte-
Two 30 C 27T accrsves =
Three "Quic--S=ai”
be usedto uzzate yo.o
Full housing 2ncicses 27t wer«rg comoenents
Operating vic20 anc —anua: ~c'uced.

115 volts AC
Dmersors

Weight: 140 'bs

LADe 1arks ncuLn

*=
-

-~

Reccvers ;b per min.;
gcuces air conc:hioning

EaS‘/-’.O'USQ ontrors ot messiure neicater Moroe

Shipped co:rz ele - ™y ass27idly reGUIreC 15 1Ns=-
Uses 2z3v-'0-c-ange carincge filter

o)

)
g}

Beta :r2 CEM12387 and OEM13%6 are U.L. apcroves —
actua.y exceecing set U.L. specifications of air. oil. and
maisiurs content of recycled refrigerant! Each aiso has:
a paierisc heat exchange oil separator with catch botle
foill senaration nccurs during recovery sequence);
moisiure level monitoring control: compressor cooling
fan; ccrpressor c:i separator; portable cart design for
easy ‘reasport: arnd continuous loep recyclinz. The
built-ir safety feztures — refrigerant tank cverticw
proteccn. automaztic high pressure cut-off switcn —
make re‘nigerant recavery a much safer operaticn.

OENt 12387
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OEM 1396

OEM 1396:

U.L. approved.

Lower-cost macel for shops doing fewer A/C
service jobs.

Recovers '/2 Ib. per min.; recyc.es .8 Ib. per min.
Reduces air conditioning system to a vacuum.

Compatible with all charging stations: no additioral
equipment needed.

Manuatl air purge. with gauge.

Easy-to-use controls with moisture indicator.
Single/multiple vapor recycling method.

Shipped complete. Uses easy-to-change canister
type filter.
Two 301b. D.O.T. approved refillable tanks included.

Three "Quick-Seal” connecting hoses, 72" long.
Can be used to update your current equipment.

Operating video and manual included.

115 volts A.C.

Dimensions: 45" high x 21" wide x 24" deep.
Weight: 115 Ibs.

So why recycle? Because of the current agreement to cut CFC production, limited
supply of refrigerants means limited availability. And that's practically a guarantee the
price will go up. Plus. a new Federal tax of $1.37 per pound of Freon has been imposed,
applying to all existing stock and new purchases. Air conditioners will continue to need
recharging, and until an alternative for Freon is developed. recycling is the only practical,
economical answer.

And what about Return on Investment? The following is a sample comparison
between two different service shops:

Shop A Shop B

1. Systems serviced per week during i2 weex” A’C season: 5 10

2. Average amcunt of Frezn (R-12) per system L w__}__l___;s;«:: __—_‘:tﬁs:

3 Amouni recovered frc~— sysiems teing serviced
(many systems are lcw, i refngerant)’ 1(.)‘le$~. —29‘:*;_5

4 Amou_er_F_re_oq_(Bj]_g' _re_c;ovq@_fr_o_nmsswg check charge: 10 Ibs. 20 ks,

5. Total relrigerant reccvs'—ed ;;evr week (#3 + #4 = ). 20 Ibs. 40 ks,
Costperlb.: $5.00 $5.00
Savings per week: $5x20bs. = | $5x401!bs. =

o $100.00 $200.00
) 6. Paybzi—c:k_;éga ;t rec-,'c!:hg equme_nt— - o 2 years 1 year

‘Estimated minimum seasc-




OEM-1365

Portable Recovery Charging Station
Station

To make your shop even more profitable, yoult want to acc

The perfeq companion to your recovery and recycling
system. This portable Freon recovery station saves you the this charging station. Today's vehicles require a *precise”
sost of investing in another recovery and recycling unit. It's charge. With its computerized controls and solenoids to
derfect for use in the body shop or on field service trucks, monitor the evacuation and charging processes, you wont
ind at satellite service facilities. waste a drop of refrigerant. You can even add refrigerant in
. 2 Ib. increments for partial charging, leak checking or “top-
* R
R Beﬁov’/ers' ¥ Ib. per minute. ping off’. An electronic strain gauge scale ensures the
uilt-in ”Oll separator. weight accuracy and easily handles 30 Ib. bulk tanks.
» One 72" hose with “Quick-Seal” fitting. . .
» One, 30 pound reusable D.0.T. approved refrigerant e Manifold gauge set and two, 96" colorcoded hoses
storage tank with float switch. ::h Qx:;if-Seal ﬂ::ngs are included.
s Fully enclosed working components. Cabinet rests on ® Adapter fittings package. ]
e Heater blanket for faster, more complete charging.

four rubber pads.
» 115 volts A.C.

Jimensions: 15" high x 20" wide x 14" deep. Weight: 53 Ibs.

e Refrigerant capacity: 30 Ib. bulk tank.

Dimensions: 42" high x 21° wide x 20" deep. Weight: 96 Ibs.

.~ THE TIME IS NOW

., LEGISLATION  ENVIRONMENT  PROFITS




: Product 19QA
Data Refrigerant

_ . . Management
R System

mtaliaC & CIOLIAL

50/€0 Hz

Cazrrier's 18CA Relrigerant Mznage-

ment System Conserves Existing

Supplies of CFC's and Minimizes

Therr Leakace Cunng Cenirilu-

gél Chiller Service anc Mainienanca

e Minimizes CFC emissicns

e Conserves relngerant anc recuces
cosis

e Removes oil. water and g2:ics frcm
refrigerant

o Qpurmizes chiiler etiiciency with
recycled relngerant

¢ Designed ior use on any manufzc-
turer’'s R-11 ceninfugal chiiler

¢ Safely holds retngerant cuning
extensive chiler serncing.

Features/Benefits

Carrier's 19QA Refrigerant
Management System (RAS)
provides a timely solution to
the problem of refrigerant
loss during chiller servicing

Efficient refrigerant
management

The RMS is a cleszd loop wansier
pumping sysiem and storega =ak that
isoiates R-11 dunng rousne crille
saracing or emergency regarrs. By
containing the reingeran: cunng ma:n-
ienance operaiens, the RMS zra-
vents gueporancn of the reingarant
into the aimosghnere. In adcizen

0 heiping presenve the envircnmaent,
use of the sysiem c2n heip ccn-

serse reingarant and recucz €256,
Conraminated retgerant can te recy-
cled on site, and excess cil, warer or
ac:és removed. Recharqng the zhiller
wih racycied reingerant wi, Coi-
mize chiller pedormance and exiand
the tife of the maciune, The RMS can
also be used with R-113 remngera-
non sysiems.

-

\ Frem 20A1PD

Ccaynght 1990 Carner Corzoranon




Developed for application
ﬂexibilfty
The 19QA RMS is availacie :n 2 sices
R: gg.na hoies are providac ior crane
hifang. as weil as slots for us2 with
a ‘orkiiz. Conneczons ic 2 cxhiller are
made 225y with the charyng hoses
il valogs provided with th2 unt
ln the caseoi 2 smgie chuii2r appir-
aon, the 19QA can be z2ma-
neniiy insiailed and nard-o

:ced to the
chiler. 1f desired. Or. on sises with
muinpie chiiler ins:ailatons. a singie
RMS can be used 0 senacz sev-

erai machines by temporary connec-
ton 0 each chiller using the hoses
and vaives providec. Opoonal field-
instaiiel casters for us2 with the smaller
tark (19QA size 029) aid :n :he port-
2buity of the RMS.

Component description

The storage tank is desicred ‘or 15
psig working prassure and comes
equipped with a one-in. ructuse disc.
A rerlex type sigh: glass incicates when
the ank is 90% fuil. The exacr liquid
lee  2n be Zetermined by use of
the ..vel gage proviced. Tne smaller
2nk has a storage capac:er of 1600
Ibs {725 kgm) of R-11: the arger wank
has a capacity of 3300 lbs (1500

kgmi of R-11.

Tube-in-tube condenser 2!ows
refngerant vapor 0 de concansed
whnen evacuaang a chiiler or whnen dis-
alling reingerant that conta:ns 2xcess
oi. Garden hose connecacns ¥-in.)
are provided cr condenser water.

The SOO-Wan electric heater is
aracnes ¢ the bcZom of the siorage
2rk. The heater s conmoiles by 2
'eggie swatch and s require< when ol
is ce:ng separatec Tom the reiriger-
ant by disallaticn. It is insui2:2d and
proteciec by a cover.

Four Y2.-in. charging hoses wath
v -l connecsons ailow easy intercon-
ne. .un of compenents. Two *2-in.
ball vajves with couplers are crovided

Features/Benelfits
Physical Data
Machine Components
Appiication Cata

Conrol Wiring Schemarc
Guide Specificatons

for wae wiih the charging hoses to pre-
vent the loss of the refrgeran: in the
process.
nd

hoses at the end of a mansier

The hoses are dezigned 0 wids
high vacuum without coilapsing.
The Y2-hp diaphragm-type vacuum
pump is ecuipped with 2 peranent
;i capacuor moter controil2d T
a roggle swatch. Motor voitagz 5 115-

1-30/60 Hz.

Dimensions
Electical Daca

Physical data

Manual reset high-pressure switches
are provided 0 protec: against ower-
pressunizanon. One swstch limis the

tank pressure by shuang off the tank

heater. The second switch hmus the

Table of contents

vacuum pump discharge pressura {
by shutting ofi the vecuum pump

130A

ENGUISH

Si

Size | 020 | 030

Size

. 020 -

030

DRY WEIGHT

820

kg

| 275 :

37T

TANK SIZE

Ibs | 605 |

cun 201 40

cu meters ' 5T

1.13

TANK STORAGE CAPACITY
R-11 Liquid

1600 33CO

|
i
|

)
P e

kg B

DESIGN PRESSURE

15

kPs )

MAX. OPERATING PRESSURE

10

kPs }

CONNECTION SIZES

k]

In. {

HIGH PRESSURE SWITCHES
Tank Heater and Vacuum Pump

Cutout
Msnual Reset

kPa
kPs

VACUUM PUMP
PSC Motor Hp

Msx. Discharge Pressure

kPs |

Msx. Vacuum
One Pump
2 Pumps In Series

~
"
8&:\

Flow Rate
60 Hz
50 Hz

W
oo

m's

-
|

PSC - Permanent Spiit Cacacior




f.ijachine componernts

NO. ITEM
1 — Sicrage Tank
2 — Accessory Case

Crarging Hose. 3 1t
Charging Hose. 6 (2}
Charging Hose. 12 11
Vaive With Coupler (2)
Chuiler Vaoor Valve
Liguid Inc. With Couoler
Filter-Oner '~-in. Fiare
¥.-in. MPT x ‘4-in. Male Flare
— Tube-In-Tube Concenser
Vacuum Pumd
— Healer High Pressure Switch

waw
t

13
14
15
16

LI T O I B

[N I O

17 -

TEM
Vacuum Puma High Pressure Swilen, Hiccen
Vacuurm Pums Switch
Heater Swich
Pressure Gage
Vaocr Valve
Level Gage Vaive
Ogtonai Casters ~ Avalable lcr Small
(20 cu ) Tanx Only
Uquid Vaive
Water Separascn Glass
Rupture Disc
Maximum Lavel Class
Heater

ACCESSORY CASE CONTENTS




The 19QA RMS pravides complete refrigerant management

Evacuation — To mururme rengerant vapor loss. refngerant-
containing vesseis suct as chiiiess and storage tanks must
be completely evacuaied teiore charging. The 19QA vac
uum pump can b2 usel 1o vacuaR these vessels in the
imes shown balaw.
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22 =0 50 80 100120140160 180 200
TIME (MINUTES)

L=3END
Tarx 3o — 20cufnt/STou meters)
Tyoxcz 260 Ton Chiiler
EVACUATION OF CHILLER AND STORAGE TANK

Pressurization — T-=e ~2cdum pump can be easiiy used
to pressunze 3 chiler oF sicrage «ank 0 10 psig (69 kPa) for
the purpos2 oi ‘e2« i2s2ng. Typicai pressurizaion omes are
shown below.
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TIME (MNUTES]

LEGEND
Tyowzal 400 Ton Chiller
Tarw Sice — 20 cu it (.57 cu meters)

PRESSURIZATION OF CHILLER

AND STORAGE TANK

Refrigerant Vapor Transfer — A wypicai 400-ton chuller
contains atou: 95 b {43 kg) of refrigerant vapor once the
liquid refrige2nt has Seen removed. With the 15QA Rafng-
erant Managezment System. it is possible o reclaim aimos:
il of this reingerant Dy evacuaing the chiiler and condens-

ing the vapor
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1 1 ] s 1
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4] 20 30
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REFRIGERANT VAPOR REMAINING IN CHILLER
AFTER REMOVAL OF LIQUID REFRIGERANT
(400 Ton Unit)
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STORAGE TANK
REFRIGERANT VAPOR TRANSFER/EVACUATION
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Liquid Refrigerant Transfer — Liquid reingerant can be
wansierred from the stcrage 2rk to a chiller (approximately
40 Ibs [18 kgl per munute} or from 2 chiller to the storage
tank {approximataly 30 lbs {14 kg] per minute] by pressus-
izing ona vessc! while evacuatng the other

|" -
S ]
b
VAC. PUMP CHILLER
T

-

STCRAGE TANK

LIQUID REFRIGERANT TRANSFER
{From Storage Tank to Chiller)

zar is only slghiy soluble in re-
tige it {approximataiy 110 opm) at typicel temperature fev-
eis. .t of the water presant will float on top of the refng-
erar-. This free water can be easily removed by stoppirg
the :ransfer procass when the waterirefrigerant interface is

obszrved in the sight glass near the botom of the tank.

Water Separation — W2

‘ o sl

VAZ. PUMP

CHILLER

p=-----==-°"22 ]——— SIiGAT GLASS

s

|

|

FILTER ORIER

WATER SEPARATION

Ol Separation — The RMS can "¢ used to separate oil
from reimgerant through the process of disallanon. The re-
fngezan: is st Jansterred from the chifier to the tank and
then distiled back into the chiller or another tank.

=
v.;.—ga.;,-"}i] cano o s
CONNIZTCNS T vaC PumMpP
STORAGE TaNK  _
.
CHILLER
T
A= r
HEATER
OIL SEPARATION




Application data :

Vacuum pump — The _l.'z.p'nragm type vacuum pump de-
sign reduces the probaziiy of refngeranz leaks. The flow
rate for this pump {free "r' is 3.6 ¢fm (.0017 m%s) for 60
Hz and 3.0 cim (0012 =25 for 50 Hz. The approximate
maximum vacy '_x"‘ 1§ 25.3 -0 g {86 =P2aj for a single pump
and 29 in. Hg {S3 «Pa) er mvo pumps in senes. The pump
is capable of d scnarging o 2 pressure of 10 psig (69 xPai.

Dimensions

Wizh heawvy usa. it may be necessary to replaca the vacuum
pump diaphragm. Repair kits are avatiable. The vacuum
pump also has internai filters which can te repiaced.
Condenser — Condensing water temperature shou!d be
as low 23 possible to mmimize the ame rzquired o comolezz
an ogerazon. A water fow rate of ore gpm (00006 m3/s) at
70 £ (21 Q) is normaily adegquate

WEIGHT | MAX. REFRIG

EMPTY CHARGE

Ibs ! kg ibs kg
| 605 l 27s| 1650 | 728

UNIT SIZE A 8
39 5-174"

19QA020 {1347.80} | {1571.75}
9.9 10°-1%4%°

19QA040 (2971.80] | {3095.75}

15C0

azo,aro] 1300
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lectrical data '

VOLTS-PH-HZ | 115160 115-1-50
MCA 12 12
MOCP (Amps) 15 15
HEATER

Amps 4 4
VACUUM PUMP MOTOR

Hp % ‘A

Amps 49 S.5

MCA - Minimum Circuit Amps

MO

CP — Maximum Overcurrent Protection (Amgps)

NOTE: Use lime-ceiay tuse.

Control wiring schematic

(8LX)

\olK]}

1SV -50/60 HZ
(WHT)

&——{BRN) —o-To— (8L} —{BLU) ~—{(M )~ (WHT) ~’7
PUMP

Puwp CPEN 10 PSI
(WHT)

o——-(ORN)—oIO——(RED)—“—(REOI—S'-(WHT)—‘l
HEATER OPEN 10PSI HEATER

Guide specifications

Refrigerant Management System
HVAC Guide Specifications

Carrier Mode! Number: 19QA

Part 1 — General

1.01 SYSTEM DESCR!PTION

A

1.02

. The chiller manufacturer shall provide and install Re-
frigerant Management System (RMS) when using a
CFC with an Ozone Depiegon Potental of greater than
0.05.

. Refrigerant Management System is designed for use
with any low-pressure centrifugal chiller. The RMS shall
provide conservation of low-pressure CFC's and pre-
vent the release of CFC's into the atmosphere during
routine servicing. In addition to safely holding the re-
frigerant during senvicing, the RMS will recharge cen-
tfugal chillers with recycled refrigerant. By means of
a distllaton/separaton system, excess oil and water
will be removed from the refrigerant to provide opt-
mum chiller efficiency.

QUALITY ASSURANCE

Equipment and installation shall be in compliance with
the Safety Code for Mechanical Refrigeradon, ANSY
ASHRAE 15-1989.

1.03 DELIVERY, STORAGE AND HANDLING

Unit shall be stored and handled in accordance with
manufacturer’s recommendatons.

Part 2 — Products
201 EQUIPMENT
A. General:

1. The RMS shall consist of a corncenser. vacuum
pump. storage tank and heater unit Additcnal com-
ponents shail include a fiiter dner, saiety devices
and all required instrumentation and interconnec:-
ing hoses.

2. All connections shall be by '2-in. charging hcses
unless otherwise specified.

. Storage Tank:

1. The storage tank shail be of suifcient capacity to
conwin the entire refrngerant charge of one chiler
when 90% full at 90 F (32 C) in accordance with
ANSVASHRAE 15-1989.

2. The storage tank shall be ratec ‘cr a design pres-
sure of 15 psig (103 kPa) and equizped with a rup-
ture disc.

3. Mearis shail be provided for rigging and for use
with a forklift.

. Condenser:

The condenser shall be a copper tube-in-tube type
rated ior a minimum 450 psig (3103 «Pa) refgerent
side and 300 psig (2069 kPa) water side design
pressure.

15
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Guide specifications (cont)
D Heater '

The heater siail be 2 permanent strap-on type with a
runimum 5C0-War razng'at 115 v, one phase. 5060
Hz. and shall e opera:22 by means of a toggle switc

£ Vecuum Purmp

1. The pumg sheaii be a diaphragm type with Y2-hp.
115-v. ore-phase. 30 or 60 Hz motor and shail be
capable o! puiling 2 vacuum of 25.5 in. Hg (S6
kPa) (ref. 30 in. barcmetrc pressure). The pump
shali be capabie of mainwining a pressure differ-
enial of 9 0 10 psig (62 0 69 kPa) between the
storage tank and the interconnected chiller.

2. The pump shall be 2guipped with a permanent spiit
capacitor rmotor which shall be conrrolled by a tog-
gie switch.

F. Saiety Devices:

L. Pressure reiief vaive sized in accordance with ANSY
ASHRAE 15-1939.

2. Two high-zressure swiches to protec: the storage
tank agairst over-prassunzation. One switch shail
limit the tanx pressura to 10 psig (69 kPa) by shut-
ing off the 2nk heater. The second switch shail
limit the vacuum pump discharge pressure to 10
psig (69 kPa; by shumng oif the vacuum pump.

Carner Corporaion e Syracuse, New York 13221

G

5-90

Contamunant Removai:

The system shall be capable of removing contami-

nan:s from the refngerant charge in accordance with

the following requirements

I Ot separazton shall occur through a distilazon pro-
cess and shail provide recycied reitdgerant with less
than 1000 ppm oil.

2. Water separation and removal shall provide recy-
cled remgerant wath less than 30 ppm water.

. Acdidonal chiilers:

The RMS shail be abie to accommodate muitipie chuil-
ers when the proper crossover connecions are sup-
pited, and the storage tank is (10 be capabie of con-
t2ining the entre reingerant chaige of the larger of the
2 units, when 90% fuil at 90 £ (32 C).

Specal Features:

Casters:

Accassory package ‘or use with 20-cu (.57 <u merers)
siorage tank shail include four 9-in. diamerter swivel
casters wath wheel locks, mountng brackes and
hardware. ’

UNITED
TECHNOLOGIES
CARRIER

Manufacturer reserves the right 10 discontinue, or CRENge st any fime, specificanions o designs without NOfice end without incurming obligstions.

Page 8 Catalog No. 521919
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EP3HC |77~

oY EP3HCM
" @ MULTI-REFRIGERANT
ONE PASS SYSTEM

FOR HEAVY DUTY MOBILE & COMMERCIAL AIR CONDITIONING AND REFRIGERATION APPLICATIONS
BUSES. TRUCKS, TRAINS, AIRCRAFT, REFRIGERATED TRANSPORT
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SYSTEMS RECOVERS BOTH LIQUID AND VAPOUR
FEATURE

BENEFIT

Q) Cylinder “Weighing Plattorm ‘Pravents dangerous overfilling of cyiinders.

For last recovery and recychng (Ri2 up to 1kg/min).

Large '/2 hp heavy duty Danfoss compresscr ®

Set and forget operation No suparvision required during recovery.

Returning compressor ol o the crankcase and making provision for changing the

Compressor oil change (3) and oil return system (2)
compressor od ensures years of trouble free service.

Liquifying the refngerant belore it is stored in the cyfinder prevents dangerous

Fan forced fin and mibe condensor O]
overheantng of the recovery cylincer.

Hourmeter @ Allows you to monitar cil change and filter change intervals.

High pressure (7) high temperature (3) cut out switch Protects the machine and the operar.

Cur machine will restart every two mnures after compieton of racovery to “scavenge”

Scavenge effect
any refrigerant that may have boied out of the compressor cd or the accumulator and
drier(s).
“TX vaive (&) (not ficed to EPIHCM) Controls refrigerant flow dumng recycing.
*Note purity exceeds SAE standard J1991.

Sty'ish steel powdar coated cadinet Tough, curable and easy to c’ean.

" Itage Available in 220 voit 50Hz and 110V 60 HZ (Expor).

Aporoved by all Austraiian Eecincal Authonties. We uze quaiity Siemens elecrical
components.

Available for R12, R22 R5C0, ASC2 and can be easiy converted.

clectncal @

A choice of refrigerants

EP3HCM A MULTI REFRIGERANT ONE PASS VERSION OF THE UNIT ABOVE WITH THE FOLLOWING
) ADDITIONAL FEATURES.

FEATURE | BENEFIT
Multi Refrigerant Deasigned wriera thera is a need o switch quickly and simply to either R12, 22, RS5CG.
R502.
Minimum emissions during change over fo A loop creunt allows this machine to recover the relngerant in $8% of its high side
another refrigerant circuit Cnly 100mm of émm tubing (2) needs to be vented during changecver.

Cne pass punficason Adcing cual filtraton O o the high side (after the condensor) means that by simgiy
racovenng the refrigarant it is immeciately ready to be reused.*’

Cranhcase pressure regulator @ Prowides added protecuon for the comy ressor from high inlet pressures.

A level sensitive control sysievn moniiors lavel 10 enswe prooer low sice vaponzation

Accumulator flow control (3)
and figraton.

Large ¥4° iniet : For fast vapour and liquxd recovery.

Patents Our pa‘ent applications protect you rom poor quality copies which will not cgerate
effecavely.

COMPLETE READY TO USE

The following accessaries are incluced:
B Two 25kg recovery cylinders and hoses with anti-blow back fittings B One Manifold gauge and 72° hese sat

** Highly contamunated refrigerant may need recycling

MACE IN AUSTRALIA 8Y:
ENVIRONMENTAL PRODUCTS AMALGAMATED

P.Q. Box 190, Shepparton, Victena, Ausirciia, 3630
Phcne; (C58) 31 2912 - Fox: (053) 21 0172
intemctioncl: 61 5831 2912 -Fcx: 61 56210172

CISTRIBUTED BY:

i

PHONE TOLL FREE

008) 039 .092
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A SIMPLE SYSTEM FOR
MAKING GOOD

MONEY OUT OF USED

Arnouncing 2 new concept in recycling
refrigerant. The SKYE Split System. Two units working
together or apart.

The SKYEMITE is a simple and compact recoverv
unit, the SKYEMATE recucles R12 by removing
contaminants. Foth units are about the size of an
average vacuum cleaner and are just as easy to use.

The SKYE Split System.

Nothing could be simpler. You keep your
SKYEMATE recycling unit in a central location, where it
quickly and efficiently removes the contaminants from
R12, producing a purified refrigerant which is ready to
use again!

You keep the SKYEMITE recovery unit in your
ute or van ready to go out to factories, farms and
workshops, to recover refrigerants.Then it's back to
your SKYEMATE to complete the recycling.

REFRIGERANT.

The SKYEMATE recycler.

You have a choice- invest in a SKYEMITE now 2¢
buy a SKYEMATE later.

Of course, you can run 2 numter of SKYEM[TES
with only one SKYEMATE which reduces cap:tal outiay
and increases vour flexibility.

And a bonus, your SKYEMATE Recyciing unit
can be run with other brands of ‘recovery oniy’
machines.

It will soon be compulsory to at least recover
refrigerants, under laws designed to preserve the
atmosphere.** However, the SKYE Split System e
improve your profits right now! Why wait?

SKYE

Good for the world. Great for business.
*CHECK WiTH LOCAL AUTHORMTY

MANUFACTURED BY:
Environmental Products Amalgamated Pty Ltd
5/23-27 Callister Street, Shepparton, Victoria, 3630, Australia
Phone Int.: 61 58 312912 ~ Fax Int.: 61 58 210172

For details of your nearest distributor, telephone (within Australia) toll free 008 039092







he javac range of
RECO refrigerant
recovery and recycling
units is, we believe, the most
comprehensive and advanced
on the market today.
The investment required in
a qualiry recovery/recycling
unit is quite substantial. so it
is important that you get the
featurcs, service backup and
accessorics you need. Itis also
impertant to selec the
particular modei with the
features and capabtlities to
best suit your requirements.
Javac has produced three
modeis with quite specific
applications in mind, and
with features which in many
cases are available only on
the RECO range
When you choose a Javac
RECO, you are also choosing
the support of Australia’s largest
manufacturer of high vacuum
pumps, respected for its
innovation and quality in
the refrigeration and vacuum
industries for over 20 years.

Three models:

RECO-1

A true, multi-purpose
workhorse, compact, fast,
efficient, designed to rapidly
remove large volumes of types
R12.R22 and R502 refrigerants.

The oniv commercial unit
availzble with built-in sub-
cooling to actually chill the
dumped refrigerant, for
improved efficiency and safety.
The RECO-1 features a belt
drive compressor with oil
recirculation, and muitiple
refrigerant recovery capability.
Access is easy, servicing simple.

REC0-12S and REC0-134S

Specifically for the recovery
of R12 and R134a, thesc units
are also compact, but utilise
high-capacity twin filtration
svstems with replaceable filter
dricr cores. Both units use
cammercial size hermetically
sealed compressors, modiiied
for simple oil checking and
re-filling.

No-fuss recovery ensures
minimum down-time and fast
repair of domestic, and
automotive installations.

The RECO-12S and 1345 are
both capable of vapour
recvcling, and can be
connected as shown on the
back page. This means that
refrigerant can be cleaned and
dried, thus providing real
cost-saving benefits by
enabling the re-use of costly
refrigerants.

Automotive application
using a RECO-125

* no-nonsense engineenng,

Service and support

In every detail, the RECO
range exemnplifies Javac’s
reputation for quality,

reliability, and service. We
provide, through our extensive
distribution network. product
support which is thz envv of
our competitors— ourwhole
serviceand partsopzranon
reflectsathorough. iong-term
commitment to excellence.

Engineering

AlIIRECO unitsuse provenand
tested refrigeration components
and feature interchangeability
and user serviceability.

All units have fully variable
high pressure safety cutouts,
and adjustable low-pressure
switching provides the choice
of pressure or vacuum cutout.

All RECO units arc fully
automatic in operation and can
be “set and forget! if required.
full manual overnde 2nd
adjustment ensure the RECO
units are adaptable to any task.

Air-cooled condensers, oil -
separators, sequence indication
lamps and quick-connect no-
loss fittings feature heavily.
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Antoﬁ o T
A sand-alone automatic undf denc:
designed to switch off the recovery unit when 2
spedific cylinder weight reaches 80°% aipagty.
Suitable for P (28kg), Q (49kg). R (79kg)
size cylinders, switchable. The Autoff an be
used with any Javac RECO unit, or 240 volt
recovery unit.
Cat. No. R30057 ’

Cylinder trolley

. . (Incorporating AUT(JFB
9 5 R T y ' A sturdy, folding trolley designed to
Dimensions 390!H0x6muﬂmodd.s) mnp(dzgg)_qggk;lﬁdgmw

WeRhy - - L 8T 35 : 3 ia4  cylinders. The trolley folds for esv storage
Power _::-_-.—':" ‘105 SOHZ Max 10amp 5amp 5amp and incorporates the AUTOFF automatic

y 5 A A cutoff facility.

In pracuce, both the jJavac RECO and
cylinder woliey can be easily wheeled into
position and connected up. The folding rrel-
ley is ideal for senice personnel, as it takes
minimum space 11 the service van.

Cut. No. R30087 (without AUTOFF)

Hermetically—sealed
High Vacuum pump

The Javac Wombat senes of high vac-
um pumps are designed to be used in con-
juncdon with Javac RECQO usits at the last
sage of recovery. By using appropriately,
evacuadon and final recovery of up to 100
cn be achicved in the one operation.The
Wombat is available in single or double stage.
. = - —saii . : . Cat. No. ODSOH0H {single staxe)
Quirk 3il c3ooG -ani , Cut. No. ODDOCH (Jouble stige:

Starusinearsr 2

Analyver

The Javac manifold./analvser can be
optioned on a Javac high vacuum pump. cr
as an option for use with any refngeration
system. The analyser incorporates HP and L
gauging, valves, plus a vacuum pump valve.

Meets At m"&.q m u“‘; ICW' !9”]’ o
Custom manufacture

Javac alsa offer custom desigred and manu-
factured recovery, recyciing and charging
facilities. Informagon on request.
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Typical recovery

Connect the RECO unit i0
the vapour side of the svstem.
Use a Javac ALTOFF beneath
the recovery cvlinder tc prevent
overiilling.

A vacuum pump installed via
a systems analyvser can be used to
evacuate lines to prevent air
entering the recovery cvlinder.
More than 95% can be recovered
in this mode.

Final evacuation/
recovery (optional)
(A fearure ynique to Javac)!

If desirable, use a Javac
Wombat vacuurn pump as
shown to remove the final
traces of refrigerant. Prior to
recharging, exhaust the Wombat
into the inlet of the RECO unit;
adjust range switch for maxi-
mum run time and dwell.

Always use an empty ovlinder
ora Javac AUTCrr duning this
optional {nal recoven

Typical recycle

Using only aRECO-12S or
1345 as shown, connect the inlet
of the RECC-125/1345 to the
vapour side of the recovery
olinder, and the discharge of
the REC0O-125/134S to the liquid
side of the recovery cvlinder.

If using two cylinders, use
vapour side on both. Monitor
undl the liquid and moisture
indicator shows dry.

B

i Darwm “‘a 089 84 4877

Ae.N’om 4/754; pei—
i-ﬂ'

In Iine with its policy of contrual
produt improvenent, Javas Py Led
resenves the right to alter
specifications without notice

[ilﬂ'ﬂﬂl

Distributed in Australia by
Actrol Parts
Adivisionof -

GSA Industries (Aust)

Pty Ld

A.C.N. 004 784 301

Melboume 03 877 20¢

Sydney 02749 1155
Brisbane 07 252 5591
Adelaide 082241121
Perth 092775922
Canberra 062804176

Launceston 003 44 7088
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REFRIGERANT
RECOVERY &
RECYCLING
SYSTEMS

FROM TECHNICAL CHEMICAL COMPANY

Technical Chemica! Company is the industry leader in
Refrigerant Recovery and Recycling Systems. Sercon
products are manufactured using only top-quality compo-
nents; a complete inventory of parts and accessories is
maintained. Sercon Refrigerant Recovery and Recycling

Systems include a “hassle-free” one-year limited warranty.

Low pressure gauge

Cytinder full light

Ol sight glass

Cylinder levet
ndicator

Handles 30# or 50#
tanks on board -
70#, 145#, 1,000 #
tarks remotely

Large wheels com-
bined with casters for
easy moving and
maneuvenng

Rugged 16-gauge
steel construction

SPECIFICATIONS:
Size: 20" x 20" x 45.5"
Weight: 175 [bs.
Connactions: 1/47 flare
Power. 115/120 VAC, 60 Hz Current: 9 ampn

Control Lamps: Grean-Recovery
Red-Tank Full
Amber-Flush, Recycle

Safnty Equipment: Low/bigh presaure contzels, eyhinder full shut-off,
proconee relief valve, salety viilvas, check valves,
Crank €152 pres e regulator

SERCON 9 O O O (

The Sercon 9000° is the industry standard in fast, safe,
dependable Refrigerant Recovery & Recycling Systems
for high-volume operations. It is UL listed and can be
used with R-12, R-22, R-500 and R-502 refrigerants.

It boasts a powerful 1/4 horsepower Copeland
compressor with a liquid pump that speeds recycling time
and prolongs compressor life. The "continuous-loop (
filtration™ system can recycle 40 pounds of refrigerant in
just 15 minutes; dual filter blocks increase re<ycling
efficiency.

Built-in high and low pressure gauges allow
continuous monitoring of system pressures during
recovery - once the system is completely evacuated, the
Sercon 9000 shuts itself off. It has a Cylinder Full Light
and Cylinder Level Indicator to show how much refrigerant
has been recovered at any time. Meets S.AE. J-1991
(1989) R-12 purity standards.

An oil sight glass makes the amount of oil recovered 4
easily visible. An extemnal drain on the front of the Sercon (
9000 makes it easy to drain.

. EIA N
R R T R & T ST L SR,
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° Basic Flush kit (Part #512445) for 9000/9220 systems. Optional
adapters are avalable for use with many auto makes and modeis.

The Sercon 9000 boasts a unique flush cycle that with
the *Basic Flush Kit uses recovered refrigerant to flush the
system. It's easy for one person to operate, saves time
and material, and is environmentally responsible.

Some commercial equipment contains a large quantity
of refrigerant. The transfer capabilities provide the
mechanic a method of moving refrigerant in a liquid state
at a high rate of up to 25 Ibs. per minute, This means (
substantial time savings fo the mechanic. “
Sercon 9134

The Scrcen 91347 is a dedicated imachine for R-134A.
It has the same specifictitions as the 3000, with a
synthetic oil in the comprassor,




SERCON 92 2 O

SERCON 8 O O O

Designed with the world market in mind, the Sercon
9220° offers the same quality, features and performance
as the Model 9000, but operates on 220/240 VDC, 50 Hz.
And like the Sercon 9000, it is UL listed, easy to operate,
efficient and environmentally responsible.

SPECIFICATIONS:

Control Lamps: Green-Recovery
Red-Tank Full
Amber-Flush, Recycte

Size: 20° x 20° x 45.5
Weight: 175 Ibs.
Connections: 1/4° flare
Power: 220/240 VOC, 50 Hz Current: 5 amps

Safety Equipment: Low/high pressure controls, cylinder full shut-off,
pressure relief valve, safety valves, check valves,
crank case pressure regulator.

The Sercon 8000 Single Pass Recovery and Recycling
System is U.L. Listed and can be used with R-12, R-22, R-
500 and R-502. This system meets S.A.E. J-1991 (1989)
R-12 purity standards. The Sercon 8000 is the same
quality you have come to expect with all our other
equipment.

SPECIFICATIONS:

Control Lamps: Green-Recovery

Size: 20" x 20° x 45.5"
Red-Tank Full

Weight: 160 ibs.
Connections: 1/4" flare
Power: 115/120 VAC, 60 Hz Current: 9 amps

Safety Equipment: Low/high pressure controls/cylinder full shut-off,
pressure relief valve, salety valves, check valves,
crank case pressure regu'ator.

* Patent Pending

[ ey - —nny
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SPECIFICATIONS:

Contol Lamps: Green-Recovery
Red-Tank Full

Size: 97 x 19" x 24*
Weight: 70 Ibs.
Cornnections: 1/4° flare
Pcwer: 115/120 VAC, 60 Hz Cumrent: 9 amps

Salety Equipment: Low/high pressure controls, cyunder fuli shut-oft,
pressure revet valve, safety valves, check valves,
crank case cressure regulator.

The Sercon 5000° Refrigerant Recovery System allows
smailer shops, auto dismantiers, and the HVAC/R Industry
to have a portable, well balanced, and easily operated
recovery system. A single 9000 and several 5000 systems
are an economical option for larger service operations. A
5000 aliows the HVAC/R industry access to roof top
instailations and remote jobs. The 5000 contains a full
condensing section with dimensions that make it easily
carried.

The UL listed 5000 provides the same efficient
recovery capability as the Sercon 8000 without the
additional expense of the recycling system. Recovered
refrigerant is stored in 30 to 1,000 Ib. capacity cybnders. It
may then be recyciad througn a Sarcon 9000, or sold to

an oll-ailn recovery contar,

Sercon Acid Test Kit

i

o Comiple e teo botiles fo wark wath

* Compliin ~ cach kit has everything you noced o do e
jub. After the test just discird the ke,

ACID PURIFICATION SYSTEM

The Sercon 4000 is specially designed with the
HVAC/R industry in mind. for filtering refrigerant from
systems with a high acid or moisture content. It is used in
conjunction with the Sercon Refrigerant Recovery
Systems.

The 4000 is UL recognized and features a special oil
separator/accumulator and filter/drier biocks to remove
the acid and moisture from the refrigerant before it enters
the recovery system.

SPECIFICATIONS:

Size: 9°x19°x 24" Weight: 55 Ibs. Current: 1 amp
Pcwer: 115/120 VAC, 6G Hz Connecticas: 1/4” flare

P A S

o Sure - na pead o Gaens Lngeane, Coloe channges nee o
a1y o detect for pouitive incicanon of asid level,

o Convenicnt = handy sl sz packagn allows cany |
storage in your taol box, ;
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The UL listed Sercon 2000 Flush/Transfer® unit
contains a high volume liquid pump that provides the
service technician a way to flush an air conditioning
system or transfer/off load a large quantity of liqui3
refrigerant without venting CFC's into the atmosphere:.
This system weighs only 25 pounds and is contained in a
8" x 9-1/8" x 18" tool box for portability. The Sercon 2000
can be used with all refrigerants.

SPECIFICATIONS:

Controt Lamps: Green-On
Red-Tank Full

Size: 8" x9-1/8" x 18~
Weight: 25 ibs.

Connections: 3/8"° flare
Power: 115/120 VAC, 60 Hz Current: 1 amp

Safety Equipment: Pressure reiief valve, check valve

The UL listed Sercon 1000 Vapor Recovery System
offers the small shop and the appliance industry an
affordabie, efficient way to recover R-12. The system
recovers approximately 1/2 pound per minute utilizing a
1/6 horsepower compressor. The unit weighs only 35
pounds. N

SPECIFICATIONS:

Size: 8°x9-1/8"x 18°
Weight 35 ibs.
Connections: 1/4" fiare
Power: 115/120 VAC, 60 Hz Current: 3 amps

Control Lamps: Green-Recovery
Red-Tank Full

Satety Equipment: Low/high pressure controls, pressure relief valve,
check vaives

In addition to Refrigerant Recovery and Recycling
equipment, Technical Chemical also offers a complete line
of air conditioning supplies and accessories.




CONPARATIVE FEATURES OF REPRESENTATIVE EQUIPMENTS
FOR COLLECTION AND RECYCLING OF REFRIGERANT GASES

APPENDLX 3.4

8L
ND. (EQUIPYMENT

REFRIGERANTS
HANDLED

:

SIE EIGHT RECYCLING

FEARRES

ST-100 A/1 1

2. SPX CORPORAT-}
+ 10N, USA (OTA:
Division)

(a) l(ﬂ 1380

H(b)I0EN 139

3. -!NNED TECHN-:

:((Mﬂl 1377
i+ ‘0LOGY CARRLER:

4. \ENVIRONENT
{PRODUCTS AMA-
{LGAMTED PTY |
ILTD,AUSTRALIA!
HE { | S

.USA ;
(a) 1964 RMS :
.-20 :

(b)} EP-4

{c)! EP-4C :

(d): EP-5

IONING

{CONTRACTORS

(5)IREANVENATOR °S: COMMERCIAL AIR CONDIT-

AUTOMOBILES

AUTOMOBILES

AUTOMOBILES

CHILLERS

{a)! EP-3 MOBILE & COMMERCIAL AIR
{CONDITIONING & REFRIGE-
{RATION APPLICATIONS

-b0-

16"x12"x18" 40 lbs :0.5 1b/nis R-12,R-22,R-500,R-502

29"x32"x14* 1105 lbsi2-3lbs/min _ %-12,R-22,R-500,R-502

e me ew en hE em @6 me w®
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5"23"25" 1150 lbs-O S5 Ib/ain

em o ne e mm me Se c& b am =% mw %e we AR ea e ee ww =

2.5 lbs/miniR-12

H 21728 115 lbs:O 5 1b/ain} .8 Ib/min iR-12

H5"x20"x 14 153 1bs 0.5 1b/min: _ R-12

W-9"x3°-8 3/4:275 kg + LIGUID | 18 kg/hr iR-11,R-113,R-123
25 ! L4 kg/hr '

1400x500x P56 kg ' B ke/br | 25 ke/br  iR-12,R-22,R-500,R-502
11000 (as) : : : :

+400x500x 1 20kg i 25 ke/hr i - iR-12,R-22,R-500,R-502
11000 (sm) : : H H

1350x220x $20 kg ¢ 35 ky/hr ! _ iR-12,R-22,R-500,R-502
1440 (aa) H ' H :

+400x330x H L O TR i 22 kg/hr  IR-12,R-22,R-500,R-502 !

+- RECOVERY UNIT ONLY

i- MEETS & EXCEEEDS SAE
\ STANDARDS

i~ DESIGNED FOR MOBILE
A/C WRKET

RECOVERY UNIT ONLY

~ RECOVERY & RECYCLING
UNIT

- RECOVERY & RECYCLING
UNIT

- RECOVERY UNIT ONLY

.
"
.
L]
[
e
.
.
3
.
]
.
+
.
'
h
[
L]
L]
.

1)- INCLUDES RECHARGING OF
') RECYCLED REFRIGERANT
+}- RECOVERY & RECYCLING UNIT

1)-PORTABLE MODEL (FILTER &
+} DISTILLATION),RECOVERY &
i) RECYCLING WNIT

- HAND CARRY ,RECOVERY UNIT
- HANO CARRY,RECOVERY UNIT

- HAD CARRY ,RECOVERY &

-
an oe am we Me me EE m %% me A% A Se @% @ G6 60 A0 @9 A6 S8 A8 B0 oo o
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A PENDIX - 3.1 (Contd,,)

.0

: : : : : H REFRIGERANTS B
NO.IEQUIPMENT | APPLICATION AREA ! SIE WEIGHT ; RECOVERY : RECYCLING ! HANDLED : FEATURES
5. {JAVAC RECO, ¢ : : H H : :
IRSTRALIA ¢ : H H H H H
(a)iRECO - 1 {COMERCIAL AIR CONDITI-i390x440x ¢ 48 ky &0 ke/hr ¢ R-12,R-22,R-502 {)-1EETS REFRIGERANT STANDARD
' {ONERS 1600 (en) H : H H tAS-1677 L SAE J1991/89/%0
: ! ! : : : : !} RECOVERY \NIT
! : H : H H H :
(8} IRECO-12S {DQMESTIC/AUTOMOBILE  :1390x440x + 35 kg | Bg/hr i lil/nin R-42 1)-VAPOUR FURM REFRIGERANT
H H 16 (am) : H ' ' +) RECOVERY & RECYCLE
(c)IRECO-134S  (DOMESTIC/AUTOMOBILE  (390x#40x HE R T i1 lit/ein R-134a i~ RECYCLING INIT DY
H H 1600 (am) : H : : :
6. (TECGNICAL @ : H : H H :
T{CHERICAL €O.,: H : ! H H :
' U.5.A ' i ' ' : : :
{a): SERCON 9000 (HIGH VOLWYE AIR CONDIT-:20"x20"x45.5" {175 1bsiZ5 lbs/mini2.7 lbs/einiR-12,R-22,R-500,R-502 i~ RECOVERY & RECYCLING UNIT
H {IONING/REFRIGERATION ¢ : ; : : :
H {EQUIPMENTS : : : H : H
(b}i SERCON 8000 : -00- 120"x207x43.5" 1160 10s:25 lbs/mini2.7 lbs/miniR-12,R-22,R-500,R-502 i- RECOVERY & RECYCLING UNIT
(c)? SERCON 5000 ISMALL SHOPS/AUTO DISMA-19"x19°x24" 170 Ibs i25 lbs/ain} R-12,R-22,R-500,R-502 :- RECOVERY UNLT OMLY
H INTLERS/AIR CONDITIONERS: : : ' : :
' +& REFRIGERATION EQULP- | H ' : ! :
: HENTS : : ! ' : :

(Page 2 o' 2)
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FORMAT FOR VIABILITY ANALYSIS FOR COULECTION USING PLASTIC BaSS
(VENTURE TYFE A)

APFERDIY S,

-»

993 199t 1996 1987

206 2007

2C10

Max. collectian of CFC 42 using plastic bags (@ 20X

Practical qly. recoverable through plastic bags
- Percentage
= Guantity (M7}

Number of piastic bags required
(3 1.2 Kg per bay and 23% waslage!
Saie price of recovered CFC using bags
- Per Ky
- Totai saies

Bperating costs for recavering CFC { Ladour casti
- Per Ky
- Total cost

Contibution { per Kg!

Tolal operating profit




AFPENZIY S.2
FORMAT FOR VIABILITY AWLYSIS FOR RECOVERY USING PORTABLE EQUIPMENT
{VENTURE TYPE B!
CESCRIPTION 1§93 1995 19%¢ 997 19N 205 aec? 2308

Guantity of CFC 12 reccvered (Rg per amnis!

&. Material Costs
1. Raw Material {Recevered CFCY @ G LE per &y
2. Spares and Camnsumabies @ 0.31 USS per Ky

Total asterial cost (&!
B. Power (8 C.C7 LE per xwb & G.05 KWk per Kyg!

(. Labour

wajes
Xanhours/Ky
Wajge Rate (per amarbhour!
Total Wages

Supervision salaries
Manhours/Kg
Rate {per manhaur,
Total salaries

T2 Vb rp
Toia. sabour (O}

(]

. Overheads
Repairs & mainienance * o S of aquisment cost:}
adatnislrative 3 z2ilin; expenses
Contingencies st SU

voe.v . s ime
Toval overheads 2}

. Estimate of cest of aperalion {#3B+(+]}

™

F. ZXPEITED SALES (3 8 LE /hy)

. GRGSS PRCFIT BEFURE INTEREST & DEP. (F-E!

()

H, TOTAL FINANCIAL EXPENSZZ #3

-

1. DEPRECIATION & AMORTISATION (3 10% St. line)

J. OPERATING PRCFIT (G-H-I:

Ao TAX (302!

L. MNET OPERATING PROFIT (J-+.

Add: Depreciation
Minus: Loan repayment

NET CASH ACCRUALS




APPENDLX 5.3
ECONDMIC VIABILITY OF VENTURE FOR COLLECTION/RECOVERY AND RECYCLING IN KENYA

1. ESTIMATED (OST OF PROJECT & PROJECT OF FINANCE (for each lype of venlure)

(in JSH)
Ilen of cost # RECOVERY RECYCLING
ONLY
{. Equipaent
(i) Isperted
- FOB Value (US$) 1000 2000 H13
- Insurance and Freight (USS$) 30 120
2 51 Of FOB Value
~ CIF Value (USS) 1050 520
- CIF Value (lecal curreacy)ts 29400 10560
- Impert Duty
in 1 0 0
in lecal currency 0 0

- Porl Handling and Inland Shipment 2940 7056
@ 10X of cif value (local currency)

Landed Cost of Equipment 32340 TI516
(ii) Indigenous 0 0
{iii) Machinery stores & spares 1470 3528

@ 51 of cif value
2. Expenses on training of

local techniciins.##¥

Wage Rate (per manday) 160 160

No. of mandays [ 9

Total Training Cost 960 1440
3. Provision for conlingencies un 8258

(3 10T Of above)

Total Cost 38247 90842
FINANCED BY
1. Equily 42814 14738
2. Secured mediun-lera loans 25498 60562
3. Other sources (Subsidy on equipaent bAb8 15523

8 201 of landed cost)

Total w247 90842

& Venture type A i.e. collection using plastic bags has notl been shown above, as il does nol involve any capilal investisent
# EXCHANGE RATE ¢ { US$ = KSH 28
#44 Expenses on foreign technicians taken al natienal level

sefor recycling venture, cost of equipsent includes one equipsent for recycling and one for recovering CFC
(Page 10 7)




APPENDIX 5.3 centd..

2. ECONDMIC VIABILITY ANALYSIS FOR COGLLECTION USING PLASTIC BAGS
{Venture type - A) ( in KSH}

1993 1995 199 1997 1999 2005 2007 2010

Max. collection of CFC 12 using plastic bags (3 90%) 9.43 g.8 9.88 9.50 .73 6.16 5.2 3.2
Practical qly. recaverable through plastic bags
- Percentage 10 50 50 S0 50 50 S0 S0
- Quantily (MT) 0.94 4.9 N 4.75 4.35 3.08 2.61 1.8
Musber of plastic bags required €& 5115 5144 4950 4546 3210 a9 1935
(@ 1.2 Kg per bag and 251 waslage)
Sale price of recovered CFC using bags
- Per Ky &0 80 &0 & &0 60 &0 &0
- Tolal sales 56551 29461S 296292 285095 261840 84889 154597 111445
Dperating costs for recovering CFC { Labour cost)
- Per K¢ Ll 40 4 40 0 40 40 0
- Total cost 37701 196410 197528 190044 174573 123259 104398 74310
Contibution ( per Kq) 20 20 20 20 20 20 20 20
Total operating prefit 18850 98205 98744 95032 87287 1630 52199 37155

(Page 2 of T}




APPENDLY 5.3 contd..

3.ECONDMIC VIABILITY ANALYSIS FOR RECOVERY USING PORTABLE EQUIPMENTS
(Venture type B)

DESCRIPTION 1993 1995 1996 1997 1999 2005 2007 2010
Quantity of CFC 12 recovered (Kq per annum) 200 12 a7 299 e 312 253 168
A. Material Costs

1. Rav Material (Recovered CFC) @ 0 KSH per kg 0 0 0 0 0 ] 0 0
2. Spares and Consumables @ 0.31 US$ per Kg 1736 1667 2227 599 29710 2706 228 1458
Telal material cost (A) 173 1647 Frrdj Faly] 2970 2706 286 1458
B. Pover (3 KSH 2 per KMH & 0.05 KM per {g) 20 19 2 0 k) 3 2b 17
C. Labour
Wages
Manhours/Xg 0.5 0.2 0.25 0.25 0.25 0.5 0.5 0.5
Wage Rate (per manheyr) 2 2 2 2 2 2 2 2
Total Wages 1000 960 128 Uy 1744 1559 1317 830
Supervisian salaries

Manhours/Kq 0.055 0.055 0.05 0.085 0.0 0.0 0.085 0.0
Rate (per manhour} L] 0 L) L] L) L L] 40
Total salaries 200 192 257 299 342 312 253 168
Te'ai labour (C) 1200 152 1540 179 2053 1871 1580 1008

D, Overheads
Repairs & saintenance ( @ 51 of equipment cost) 1617 1617 1617 1617 1617 1817 1617 1617
Adsinistrative & selling expenses 2000 2000 2000 2000 2000 2000 2000 2000
Contlingencies at 51 20 323 370 402 LX) i KPpl 305
Total overheads (D) Ky 3940 3987 4019 4051 4028 3992 32
E. Estisale of cost of operation (A+B+(+D) 6902 6778 7780 44 9108 8534 7885 S04
F. EXPECTED SALES (3 KSH 100 /kg) 20000 19200 56b1 29938 34215 31176 283 16795
G. GROSS PROFIT BEFORE INTEREST & DEP. (F-E) 13098 12423 17881 21494 25107 22540 18450 10391
H. TOTAL FINANCIAL EXPENSES # 459 ez 2849 29 1147 0 0 0
1. DEPRECIATION & AMORTISATION (3 10X St. line) K.V 3825 385 K "] 825 0 0 0
J. OPERATING PROFIT (G-H-1) 434 5156 11188 15375 20135 2540 18450 10391
K. TAX 1874 2062 un 6150 8054 016 7380 4156
L. NET OPERATING PROFIT (JK) 2810 309 613 9225 12081 13524 11070 4235
Add: Depreciation 3825 k'] K"} 3825 3825 0 0 0
Minus: Loan repayaent 0 3187 3187 3187 3187 0 0 0
NET CASH ACCRUALS 5435 3731 7350 9862 12719 13524 11070 4235

53 SCHEDULE FOR INTEREST AND REPAYMENT OF TERM LOANS - 18X rate of inlerest and 8 years repayment period after moralorius of one year
(Page 3 of 7)




4. SENSITIVITY OF BREAK EVEN VOLLYE TO SNE PRICE OF RECOVERED CFC

APPENDIX 5.3

(Venture type B) {in KSH}
Scenario 1 Scenario 2 Scenario 3
{. Sale Price of recovered CFC 60.00 100.00 140.00
(as X of selling price of vergin gas) (302) (507) {701}
2. Variable Costs
- Rav saterial costs 0.00 0.00 0.00
- Consumables cost 4.4 8.68 8.68
- Uilities cost 0.10 0.10 0.10
- Labour cost 6.00 6.00 6.0
Total variable costs 1.7 14.78 .78
Contribution 5.2 8.2 15.2
3. Fixed Costs
= Repairs & Maintenance(Including overheads) 1946 1946 1946
~ Selling & Administration expenses 2000 2000 2000
- Financial expenses 4590 4590 4590
- Depreciation 85 3825 K'.%a)
Total Fixed Costs 12360 12360 12380
4. Break-even Analysi-
~ Breakeven quanlily in Kg 273 1> 9
- Breakeven level of sales 16400 14504 13819
- Breakeven level as 1 of sales 137 n 49
Notes : Scenario 2 has been adopled for economic analysis of the venlure viabilily
5.INP0RTANT PROJECT PARAMETERS
(Venture type B)
YEAR
1993 1994 1995 1996 1997 1998 1999 2002
Total Capital Esployed 38247 0 0 0 ] 0 0 0 0
Total Equily Employed 5281
Net Cash Inflows (On Equily) 3 -b281 8635 kIL7d 73 7330 982 11290 12719 15550
Internal Rate of Return (On Equily) 3.7
Pay Back Period (On Equity) About ane year
Net Cash Inflows (On Capital Cost) # -38247 9389 9389 8984 12254 14426 15510 14594 18550
Internal Rate of Return (On Capital Cost) 21.9%
Pay Back Period (On Capital Cost) About 4 years
@ Cash Inflows (On Equily) = Net profil + Depreciation - Loan repayment
§ Cash Inflows (On Capilal Cost) = Net profit + Depreciation + Interest # (1-Tax Rale) (Pagr 4 of 7)




APPENDIX 5.3 contd..
4. ECONOMIC VIABILITY ANALYSIS FOR RECYCLING WITH ADDITIONAL RECOVERY UNIT

(In KSH)

1993 1995 199 1997 1999 2005 2007 2010

Buantity of CFC 12 recycled (KG per annus) 1628 518 3044 345 B0 3110 2629 1715
- Quantily externally recovered (Kg) 1000 1534 2053 3% 2137 299 2107 1334
- Guanlily internally processed (kg) 628 982 983 950 a3 416 52 n

A. Material Cest
1. Raw Material (Recovered CFC 12)
a) Externally frem recovery unils @ KSH 100 per X 100000 153403 205290 239505 273720 249405 210673 134344
b) Internally processed @ NSH 141.78 per Kg 70237 109774 110398 106227 97569 688  S8348 44532

Tolal Raw Material Cost 170237 263376 315688 345731 371289 318295 269021 175873
2. Spares and Consusables @ USS 0.41/Kg 18693 28908 34905 38405 44 35707 0478 196%0
Total salerial cost (R) 188930 292284 50593 384436 412732 34002 299199 195583
B. Power (3 KSH 2 per KiH & 0.05 OB per Kg) 163 252 304 k<o) 361 n 283 ¥
C. Labour
Kages
Manhours/Kg 0.5 0.5 0.5 0.25 0.5 0.5 0.5 0.5
Kage Rate (per manhour) 20 20 2 a0 2 20 20 20
Total Wage 8142 12590 15203 14727 18050 15552 13144 857
Supervision salaries
Manhours/Kg 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100
Rate (per manhour) 0 «© 40 L] 40 L]} L] ]
Total salaries 6513 10072 12162 13381 14440 12441 10515 4861
Total labour (C) 14655 22663 27365 30108 32491 27993 2358 1543
D. Overheads
Repairs & saintenance (3 51 of eqipment cost) 2881 Ja81 3851 3884 3881 3881 a8t 3831
Alsinistrative & selling expenses 30000 30000 30000 .u000 30000 30000 30000 30000
Transportation & Storage (3 10X of sales) 32567 50362 60811 66907 72201 62207 5574 34303
Contingencies @ 51 13510 1972 23548 5768 28 B0 2479 13949
Total overheads 79958 104214 118339 126556 133465 120008 106938 82153
E. Estinate of cost of operalion (A+B+(3D) 283706 419412 496501 541135 579249 502314 430054 29334
F. EXPECTED SALES (@ KSH 200 /kg) 5669 503615 608107 669073 722013 4622070 525744 3430
G. GROSS PROFIT BEFORE INTEREST & DEP. (F-E) 4964 34203 111506 127938 142763 119757 95690 49689
H. TOTAL FINANCIAL EXPENSES #+ 10901 8176 5813 5451 215 6 0 0
I. DEPRECIATION & AMORTISATION (@ 10X St. line) 984 9084 9084 9084 9034 9084 9034 9084
J. OPERATING PROFIT (GH-1) 21979 66943 95608 113403 130954 110672 84606 40604
K. TAX 8791 26777 38243  453h1 52382  M249 UM 16282
L. NET OPERATING PROFIT (J-X) 13187 40166 57365 68042 78572  bbA03 51963 24383
Add: Depreciation 9084 9084 9084 9084 9084 9084 9084 9084
Hinus: Loan repayment 0 7570 7570 7570 7570 0 0 0
NET CASH ACCRUALS 22271 41680 SABTY 469556 30086  TSAB8 41048 MY

# SCHEDWLE FOR INTEREST AND REPAVIENT OF TERM LOANS - 181 rate of inlerest and 8 years repayment period
§ As per computation provided at page 6 of this appendix (Page 3 of 7)




APPENDIX 5.3 contd..

7. COMPUTATION OF COST OF INTERNALLY PROCESSED CFC FOR RECYCLING VENTURE ]
(FOR CFC RECOVERED THROUGH PLASTIC BAGS)
{Refer itea A.1 (b))

A. Material Costs {ir ¥YSH)
1. Raw Material (Recovered CFC gas) @ KSH 40 per kg 60.00
2. Spares and Consusables @ 0.31 US$ per Ky 8.68
Total material cost (A) 68.68
B. Ulilities
- Pover (3 KSH 2 per KNH & 0.05 KWH per Kg) 0.10
€. Labour
Wages
Manhours/Kgq 1.50
Wage Rate (per manhour) 20.00
Total Wage 30.00
Supervision salaries
Manhours/Kg 0.025
Rate (per manhour) 40.00
Tolal salaries 1.00
Total labeyr (C) 31.00
D. Transportation cost ( @ 207 Of rav saterial cost) 12.00
Total per Kg cost of liquified gas (A+B+(+D) 111.78

{Page & :f 7}




8. SENSITIVITY OF BREAKDOWN VOLUME TO COST OF RAW MATERIALS APPENDII 5.3 cenld..
(venture type C)

(In KSH)
Scenario 1 Scenario 2 Scenarie 3
1. Sale Price of recycled CFC 200.00 200.00 200,00
2. Variable Ceosts
- Rav aaterial cosls (recovered CFC) 60.00 100.00 140.00
- {as 1 of selling price of recycled CFC) {301} (507) (70%)
- Consumables cost 11.43 11.48 11.48
~ Uilities cost 0.10 0.10 0.10
- Labeur cost 9.00 9.00 9.00
- Transpertation and Sterage 20.00 12.93 .73
Total variable cosls 100.58 133.54 170.34
Contribution 9.2 66.49 29.69
3. Fixed Cosls
= Repairs & Mainlenance(lacluding overheads) 17391 17391 17391
- Selling & Adainistration expenses 30000 30000 30000
- Financial expenses 10904 10901 10901
~ Depreciation 92084 9084 9084
Total Fixed Costs 67376 67376 61376
4. Breakeven Analysis
- Breakeven quantity in Kg 878 1013 2270
- Breakeven level of sales 135538 202675 453738
- Breakeven level as I of sales 2 & 139
Note : Scemario 2 has been adopled for economic viabilitly analysis of the venlure
9. IMPORTANT PROJECT PARAMETERS
(Venture type C)
YEAR

1993 1994 1995 199 1997 1998 1999 2002

Total Capital Esployed 90842 0 0 0 0 0 0 0 0
Total Equily Esployed U758

Net Cash Inflows (On Equity) @ -14758 2271 25745  AM1680  S8879 49556  TABRZ 80086 84106
Internal Rate of Return (On Equity) 19.9%

Pay Back Perioa (On Equily) Aboul eight months

Net Cash Inflows (On Capital Cost) # -90842 871 51097 85474 111960 127574 134189 140745 133819
Internal Rate of Return (On Capital Cost) 75.61

Pay Back Period (On Capital Cost) About tvo years

@ Cash Inflows (On Equily) = Net profit + Depreciatlion - Loan repayment
# Cash Inflows (Dn Capital Cost) = Net profil + Depreciation + Interest # (1-Tax Rale) (Page 7 of 7)




Appendix - 5.4

NET NATIONAL ECONOMIC BENEFIT

The Net National Economic benefit has been worked out
using the principles of social cost benefit analysis, to
the extent quantification of various variables has been
possible. Th analysis is confined to activities directly
associated wvith the Recovery and Recycling programme.

GENERAL POINTS REGARDING COMPUTATION OF BENEFITS AND COSTS

All items have been measured at constant prices that |is
those prevailing in the year 1991/92. These items have
been initially measured in terms of the local currency and
then converted into dollar terms at the exchange rate
prevailing at present, i.e. in the year 1991/92. Future
benefits and costs have also been measured at the 1991/92
prices and converted at the exchange rate prevailing in
this vyear, since it is extremely difficult to predict

accurately, both inflation in the future and future

exchange rates.

BENEFITS

Savings in Imports of Refrigerants :

This item is quantified as the quantum of foreign exchange
saved through the recycling of CFCs and thereby avoiding
the imports of these gases.

Increase in Employment :

Even though most developing ecomomies are faced with under
employment or unemployment and though most governments

value the creation of employment opportunities, it is
difficult to quantity in monetary terms the value of
employment generation. MNoreover, even though employment

generation can be an important object.ve of government
policy, the more bagic objective is increasing the welfare

of people in the society. A measure of the increase in
welfare is obtained by estimating the increase in
consumption that comes about through increase in personal
disposable incomes generated by employment. It is often

the casgse that one will not be able to observe the exact
increase in consumption that will come about through
increased personal disposable incomes. In such a case it
is necessary tn obtain some parameter which will enable to
egtimate the increase in consumption that comes about.
Thus estimating the following regression equation will be

useful

A+ o e




APFENDIX-S5.4 (Contd.)

PFCE = A’ + B'*PDI

vhere,

PFCE = private final consumption expenditures mxeasured
at constant prices

PDI = personal disposable income measured at constant

prices
A°, B' are the parameters to be .stimated.

B’ is the marginal propensity to consume and is the
parameter of importance. This parameter tells us the
amount of additional consumption that will take place for
every unit increase in personal disposable income. For the
present study A’ and B" have been estimated through the

regression equation

PFCE = A + B * GDP

This wvas done as the UN National Accounts Statistics for
the project countries did not provide PDI for sufficient
number of years to carry out a regression. Estimating A
and B using GDP in the equation wvas taken as best
alternative though this would yield a value of B slightly
understated than if PDI were used. The values of B for 3
countries are given in the input tables in Appendix - 3.5
(A), (B) and (C). From the venture level analysis the
exact increase in incomes (net of taxes) accruing to the
employees can be used with the estimated B to compute the
increase in consumption that will occur. The B computed
at a national level from the national accounts statistics
has been employed to compute the consumption of the owners

and employees of the ventures.

In this case however an additional consideration will play
a role.

From the point of view of the government, increasing the
consunmption of the relatively disadvantaged sections of
the population has a high social value as compared to
increasing the consumption of the relatively better of f.
Thus the factor by which income levels of the owners
exceeds that of the employees is used to adjust the
consumption figures of the owners. The consumption of the
owners have been given a weight which is the reciprocal of
the factor by which the incomes differ.

The other aspect of increased incomes due to the setting
up of recovery and recycle ventures, apart from the
increase in consumption, is the increase in savings that
come about. These savings constitute investible funds.
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The relation between savings and investment iIs set as
follows :

INV = GS + CI

where,

INV = gross domestic capital formation at constant
prices

GS = gross savings at constant prices

CI = capital inflows from abroad

Thus there are only two sources of investible funds

domestic and foreign. In the above relation ship both GS
and Cl appear with weight equal to wunity i.e a unit
increase in savings will increase investment by the same
amount and similarly for capital inflows. In this cost
benefit analysis, the focus is only on domestic savings.
Since the above equation has to hold, whatever the
conditions prevailing in the economy, the savings in the
aggregation of benefits has been incorporated with a

weight equal to unity.

Government Expenditureg related benefits :

Increase in Government expenditures such as publicity,
training & administrative expenses generate incomes via

the mutliplier, so that

d Y = K dGE

where dY = change in incomes
dGE = change in Government Expenditure
K = Multiplier
K is estimated as the reciprocal of the marginal
propensity to save (MPS). HMPS to be on the conservative

side, the multiplies computed for each country has been
halved to take into account leakages prevailing in a
economy. MPS was computed as the difference of I-
3* (computed earlier) since B* represents the marginal
propensity to consume (MPC), and by the standard rule of

economics MPS + MPC = 1.

The incomes so generated are divided by the income-
recepient into consumption and savings on the basis of

their MPC and MPS respectively. These then constitute the

consumption and savings benefits of Government

expenditure.

Increase in Government Reveaues

The establishment of recovery and recycling programmes
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could constribute to increased Government revenues by way

of the following :

- Increase in collections of corporate tax wvhich wil:
be payable by the ventures.

- Pavenue from durties on imports of Capital -equipment
and consumables as well as increased duties on CzCs.
Both of the above represent inflows to the Government

which can be used for welfare activities. In our
working we have recommended waiver of duty <¢nn all
equipment and spares for recovery and recycling. To

that extent these will not appear in the computation

of benefits.

Salvage value of the equipment

This item is considered for each type of vaenture ovaer the

time horizon of the project.
C0OSTS
Qutflows on Account of Imports

This item is quantified on the basis of costs of equipment

and consumables.

Tncrease in Training Costs and Pablicity :

]

This includes training costs at a venture leval pl
s~aining costs and publicity at national leve! for e
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activity,the opportunity cost to society of employing this

unnit of labour is zero, i1.e. its SUR is zero. Generally,
however,the SWUR is not set equal to zero and a postive
value is attached to it. In the case of the recovery and

recycle units, it is anticipated that an existing employee
will take on additional work that will be involved at the
venture level.The assumption here is that this employee is
underemployed at the current job, i.e. if the duty of the
smployee is set at 8 hours,he may be productively employed
for only 6 hrs. In this case,therefore, by working produc-
tively for an additional two hours, no loss of production
occurs in any other line of activity. Hence from the point
of view of society there is no opportunity cost inolved
here and the shadow wage rate should be zero.However,so as
not to underestimate the social cost,a weight of 0.2 on the
wage bill of the ventures has been considered reasonable.

Increase in Cost of QOperating Costs (Utilitieg) Overheads,
Maintenance etc. :

This item is computed by aggregating the venture level
costs.

Decrease in Government Duties and Taxes

The reduction in the imports of CFCs, while it results (n
savings of foreign exchange, at the same time reduces the
impor* duties that will be collected by the government.
Thus government welfare activites will be curtailed to the
extant that revenues f(all off. Thus in sgsummary the
following benefits and costs have been consgsidered in
computing the Net National Economic Benefit.

BENEZITS

- Savings in imports of refrigerants

- Employement related benefits in terms of
increased <consumption and savings

- Government expenditure related benefits in increased
consumption and savings.

- Increase in Government in revenues

COSTS

- OQutflows on account of equipment & consumables imports

- Training cosgts and publicity at venture and
Government level

- Increage in wage costs

- Increased operating costs

- Dutieu and taxes foregone by the government on imports
of CFC saved.

- Subasidies on equipments

T2 above benefits and costs have been estimated annually
till the year 2010 and discounted to presgent value.




APPENDIX 5.5

NET NATIONAL ECONOMIC BENEFIT ANALYSIS
(For Kenya)

1993 1995 199 1997 1999 2005 2007 2010
TOTAL NUMBER OF VENTURES
- Recovery only 135 40 L] 40 L] 40 0 4
- Recycling only 3 5 5 5 5 5 5 5
A. BENEFITS
1. Savings in import of CFC refrigerants
- Quantity (in MT ; equal lo recycled quantity} 5 13 15 17 18 16 13 ?
- CIF prica (in KSH per NT) 70000 70000 70000 70000 70000 70000 70000 70000
- Value saved {in KSH ; quanlity # CIF price) 341953 8813256 1064188 1170877 1263522 1088423 920053 400307
2. Eaplayment related benefils
- Increase in consusption 121991 435504 484529 S04847 513030 413789 34992 234764
- Increase in saving 71341 276108 307248 320066 325254 242324 221853 148837
- Total increase 199332 711608 791878 824913 838284 676093 571785 383402
3. Governaent expenditure re'ated benefits
- Increase in consumplion 3287972 614703 529979 529979 529979 529979 S99 529979
- Increase in saving 2084531 389714 335000 335000 336000 335000 335000 336000
- Total increase 5372504 1004417 845979 865979 845979 845979 845979 845979
4. Increase in governament revenues
- Increase in duties on equipments 0 0 0 0 0 0 0 0
- Increase in corporate taxes
- Series 1 Ventures # S4478 111266 181857 228331 277956 268045 214624 111070
- Series 2 Ventures 0 37185 47400 82994 119899 144659 122300 74648
- Series 3 Venlures 0 36895 47700 57712 137609 196378 179507 125780
~ TOTAL INCREASE IN TAXES 54478 185347 274957 369038 535463 4600583 514431 313498
TOTAL BENEFITS (A) 5968267 2782698 2999002 3250807 3503249 3237278 2874248 2463385

(Page :1 OF 2)
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1993 1595 1996 1997 1999 2005 2007 2010

B. COSTS

1. Additional outflows on account of imporis
{net of duties and taxes)

- Capital equipaent (including machine spares) 685314 537138 0 0 0 (] 0 0
- Consusables 82120 211201 263622 295947 324012 286776 242321 156763
- Plastic baygs 226794 1181529 1188253 1143351 1050168 741481 528019 447022

(3 1.2g per bag; US$ 8.25 per bag; 251 wastage)
2. Capital investaenl (excluding {1} above) 160918 127409 0 0 0 0 0 0

3. Governaent expenditures

a. Training cost incurred in foreign currency 840000 0 0 0 ] 0 0 0
b. Training cost incurred in local currency 48531 53744 0 0 0 0 0 0
. Publicily expenses 2868531 53714 0 0 0 0 0 0
d. Adainistrative Expenses 1232000 472000 4672000 472000 4672000 472000 472000 4672000
e, Subsidy on equipments 130536 102312 0 0 0 ] 0 0
4. Increase in wage costs 9668 34513 38406 40008 40657 RII 27732 18405
( tolal wages and salaries weighled by 0.2)
5. Increase in operating costs
{excluding raw malerial,consusables and labour)
- Series 1 Venlures # 245551 318528 341872 387153 409098 367592 27618 254799
- Series 2 Ventures 0 93122 10788 122605 134971 12890¢ 118377 95010
- Series 3 Ventures 0 85350 9485 109595 133371 134867 126955 105470
- TOTAL QPERATING COST 245591 497000 564623 619353 677441 631361 572949 452279
b. Decrease in governaenl duties on import of CFCs
- Rate of duty (1) 85 85 85 85 63 63 65 5]
- Quantity of CFC imporl reduced (in MT) 5 13 15 17 18 16 13 9
- Value of reduced dulies 222268 572862 691722 761070 821289 707605 598034 390199
TOTAL COSTS (B) ' 8004273 4715392 4090626 4203752 4259567 Z7MA04% 2442055 280s8Ls
NET NATIONAL ECONOMIC BENEFIT
- ANNUAL KSH  -2034006 -1932694 -1091624 -972945 -756318 -506736 -538807 -0A5482
- PRESENT VALUE (3 2.0% discounting) KSH  -13518737
s -482812

# Series 1 Ventures - Those starting in 1993
Series 2 Ventures - Those starting in 1994

Series 3 Ventures - Those starting in 1995
(Page 2 of 2)




APPENDIX - 5.6

EXPLANATORY NOTE FOR NATIONAL ECONOMIC ANALYSIS

BENEFITS :

1.

2.

Employment related :
benefits (Item 2)

Government expendi- :
ture related
benefits (Item 3)
COSTS

Additional outflows
on account of imports

- Capital equipment:

Capital Investment
(Item 2)

Govt. expenditures
a) Training cost
in fereign

currency

b) Training cost in
local currency

c) Publicity
expensges

d) Administrative
expensge

e) Subsidy on

Increase in wage
cosgts

Increase in opera-
ting costs

Refer Appendix - 5.4

Refer Appendix - 5.4

The Govt. expenditure which will
result in benefits are the

items 3 (b), (¢) and (d) under costs.

CIF value of equipment including
spares

Local currency part of the project
cost, including port & handling
charges, training & contingency
provision.

Gne time expense on foreign experts
@ 30 man-days and US $ 1000 per manday

@ 10% of value of equipment

One time expense of US $ 100,000 in

the first year
Recurring annual expense @ 103 of

valua of equipment

One time expense of USS$ 20,000 in
firast year for infrastructure creation
Recurring annual expense of US$ 24,000
for staff and other regular expenses

@ 20% of landed value of equipment

Refer Appendix -~ 5.4

Operating costs of the various types
of ventures as per working sheets in

Appendix - 5.3
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8. Decrease 1in Govt. : Due to decrease in import of CFC
duties on import resulting from recovery & recycling
of CFCs programme
NET NATIONAL ECONOMIC : Discounting rate for computation of
BENEFITS Net Present Value (NPV) of net benefit
is taken @ 2% based on reference
provided in Background Analysis

(UNIDO Project No. US/RAF/90/173, Page
37).




APPENDIX 6.1

ILLUSTRATIVE PROVISIONS OF THE INDUSTRIAL UASTE
MANAGEMENT POLICY (CONTROL OF OZONE DEPLETING
SUBSTANCES) NO. 1U.1B

PROVISIONS RELATING TO SALE OF CECs

1.

Any distributor or wholesaler selling chlorofluorocarbons
or halons must keep written records of sales.

Any distributor or wholesaler of chlorofluorocarbons must-

a) accept, wvherever practicable, all reclaimed
chlorofluorocarbons returned for reprocessing.

b) Keep vritten records of quantities of
chlorofiuorocarbon returned for reprocessing.

Accurate information on chlorofluorocarbon and halon

-

consumption will be achieved as follows :

a) All records must include the name and address of the
purchaser, the end use category, the quantity of
ozone-depleting substances supplied and the quantity
of ozone-depleting substances returned. The end wuse
categnries which must be recordcd are -

- foam production

- solvents use

- dry cleaning

- vehicle air conditioning

- commercial/industrial air conditioning and
refrigeration

- domestic refrigsration

- domestic air conditioning

- portable fire extinguishers

- halon fire suppression systems

- miscellaneous (if none of the above, specify the

application or activity)

tan racorda muet he sasnt to the authoritvy no

B) Uritten
later than 14 days after each of the quarters ending
31 March, 30 June, 30 September and 31 December and

must bYe available for inspection at any time by an
authorised officer upon request.




APPENDIX 6.2

ILLUSTRATIVE PROVISIONS OF THE INDUSTRIAL UASTE
MANAGEMENT POLICY (CONTROL OF OZONE DEPLETING
SUBSTANCES) NO. 1U.1B

PROVISIONS RELATING TO ACCREDITATION OF USERS OF CFCs

1

On and from 1 January 1991 any person who uges any ozone-
depleting substance for or with respect to any industry or
activity listed in Schedule C must be accredited by -

1) an appropriate Industry Board : or

2) by the Authority :

a) where there is no appropriate Industry Board; or
b) following a  successful application for
accreditation made under clause 26.

Accreditation shall be granted where ‘the appropriate
Industry Board or the Authority, as the case requires, is
satisfied that the applicant has -

1) an ad~quate appreciation of -
a) the role of ozone-depleting substances in
depleting stratospheric ozcne; and
b) the consequences of the depletion of

stratospheric ozone; and

2) a proven ability to take effective measures to
minimise emissions of any ozone-depleting substances.

Uhere the appropriate Industry Board receives an
application for accreditation, the appropriate Industry
Board must not later than 60 days after receiving the

application -

1) refuse to grant accreditation; or
2) grant accroditation subject to such conditions, 1if
any, as the appropriate Industry Board considers

appropriate.

A person who has been refused accreditation by the
Industrcy Board may apply to the Authority for
accreditation.

Uhere the Authority receives an application for
accreditation, the Authority must, not later than 60 days
after receiving the application -

1) refugse to grant accreditation; or
2) grant accreditation subject to guch <conditions, if
any, as the authority considers appropriate
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On and from 1 January 1991, any person ‘ho purchases any
ozone-depleting substance for or with respect to any
industry or activity 1listed in Schedule C must be

registered by -

1) an appropriate Industry Board; or
2) by the Authority :

aj where there is no appropriate Industry Board; or
b) following a succegsful application for
registration made under Clause 4.

Registration shall only be granted where the appropriate
Industry Board or the Authority, as the case requires, is

satisfied that -

1) any ozone—-depleting substance purchased will only be
supplied for use by an accredited person; and
2) the person applying for registration has access to

the necessary equipment to minimise the emissions of
any ozone-depleting substance.




APPENDIX 6.3

ILLUSTRATIVE PROVISIONS OF THE INDUSTRIAL UASTE
MANAGEMENT POLICY (CONTROL OF OZONE DEPLETING
SUBSTANCES) NO. 1U.1B

PROVISIONS RELATING TO PURCHASE OF CECs

1.

Any person vho purchases any ozone-depleting substance
must maintain, in respect of each -purchase, written
records which must -

1) contain the following details :
a) the quantity of the ozone—-depleting substance;
b) the name of the ozone-depleting substance; and
c) the name and address of the person from vhom the

ozone-depleting substance was purchased.

2) be made available for inspection upon request at any
time by an authorised officer.




APPENDIX 6.4

ILLUSTRATIVE PROVISIONS OF THE INDUSTRIAL UASTE
MANAGEMENT POLICY (CONTROL OF OZONE DEPLETING
SUBSTANCES) NO. 1U.1B

PROVISIONS RELATING TO ADOPTING PROPER PRACTICES IN USE OF CFECs

Domestic Refrigeration

1.

From the date of declaration of this policy, any person
who designs or services domestic refrigeration units must
comply with the "Code of Practice for the Design and
Srervice of Domestic Refrigeration Units”™ endorsed by the

Authority.

Motor Vehicle Air Conditioning

2.

To reduce the emission of chlorofluorocarbons from motor
vehicle air conditioning units - )

1) on and from the date of declaration of this policy,
any person who designs or services motor vehicle air
conditioning units must comply with the "Code of
Practice for the Design and Service of Motor Vehicle
Air Conditioning Units” endorsed by the Authority;

and

2) on and from 1 January 1991, services or maintains
motor vehicle air conditioning units must reclaim
chlorofluorocarbons whenever units are being serviced
and maintained; and

3) any chlorofluorocarbons reclaimed must be returned to
the distributor or wholesaler for reprocessing, or
recycled on-gite or securely gtores pending

degtruction.

Incustrial /Commercial Air Conditioning and Refrigeration

3.

To reduce the emission of chlorofluorocarbons from
industrial and commercial air conditioning and
refrigeration units -

1) on and from the date of declaration of this policy,
any person wvho degigns or services industrial and
commercial air conditioning and refrigeration wunits
must comply with the Code of Practice for the Design
and Service of Industrial and Commercial Air
Conditioning and Refrigeration Units” endorsed by the

Authority.
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2) on and from 1 January 1991, any person who services
or maintains industrial and commercial air
conditioning and refrigeration units must reclaim
chlorofluorocarbons wvhenever units are being
serviced, maintained and decommigssioned; and

3) Any chlorofluorocarbon that is reclaimed must be
returned to the distributor or wholesaler for
reprocessaing, or recycled on-site or securely stores

pending destruction.

On and from the date of declaration of this policy
refrigeration and air conditioning wunits containing
chlorofluorocarbons must be labelled in such a manner that
the refrigerant can be identified by 3ervice personnel at

all times.

Domestic Air Conditioning

5.

To reduce the emigssion of chlorofluorocarbons from
domestic air conditioners -

1) on and from the date of declaration of this policy,
any person who services or maintains domestic air
conditioners must reclaim chlorofluorocarbons
whenever units are heing serviced and maintained at
a central service premises; and

2) any chlorofluorocarbon that is reclaimed must be
returned to the distributor or wholesaler for
reprocessing or recycled on-site or securely stored

pending desgstruction.




APPENDIX - 6.4 A

South Coast Air Quality Management District, California, has
introduced the folleowing rules which are indicative of the

requirements in the USA.

a) Rule 1411: Recovery or Recycling of Refrigerants from Notor
Vehicle Air-conditioners

This rule prohibits, w.e.f. 1/1/92, release or disposal of
refrigerants used in Motor Vehicle .PA Air-conditioners and
prohibits the sale of refrigerant in containers carrying
less than 20 pounds of refrigerant. This rule is applicable
to any person engaged in installation, replacement and
servicing of Motor Vehicle Air-cenditioners or any other
vehicle repairs that could cause release of refrigerants.
This rule also applies to refrigerant retailers.

Certified recovery/recycling equ’pment is required to be
installed and the technicians operating the machines
required certification from competent authorities regarding

adequate training for proper use of the equipment.

The Mobile Air Conditioning Society (MACS) have devised a
program to impart proper training to technicians for proper
use of equipment, understanding of the recovery process,
equipment servicing requirements. A written test is
administered (at a nominal cost of 3 20 per person) and
certificate issued to successful technicians.

b) Rule 1415 : Reduction CFC Emission from Stationary
Refrigeration and Airconditioning Systems

The purpose of this rule is to reduce CFC emission from
Stationary Emission and Air-conditioning Systems by
requiring the owners or operators of such systems to reclaim
recover and/or recycle the refrigerants and minimize
leakages. This is also applicable to any persons who
replace, service or relocate a refrigerant system.

On or after 1st January, 1992, persons covered under this
rule are required to recover or recycle the refrigerant
using approved equipment and employ specified procedures for
the use of equipment. All installations of refrigerant
systems require an inspection by a certified auditor to
determine that the system is operating as per specifications
and there are no refrigeration leakages. Such an

inspection is required every 12 months.

The full text of the rules are available with us and the
above is an extract to indicate the nature and coverage of
the legislation inn force regarding the recovery and

recycling of refrigerants.




1.

APPENDIX 6.5

PROVISIONS IN SUISS ORDINANCE ON ENVIRONMENTALLY
HAZARDQOUS SUBSTANCES

DISPOSAL OF EQUIPMENT CONTAINING CFCs

The regulation interalia contains special provisions for
disposal, which means e.g. that refrigerants must Dbe
removed from discarded refrigerators and properly disposed
of. On January 1lst 1992, a concept for the elimination of
used refrigerators and deep freezers, elaborated by the
concerned industry, has become operational nationwide.
According to this scheme, the consumer will give his old
refrigerator back to the supplier, against a wunit fee.
The supplier will-then pass on the refrigerator to a
specialised elimination unit, that recovers the CFC from
the refrigeration rircuit and the insulating material.

Source : Ordinance of 9 June, 1986 relating to
Environmentaly Mazardous Substances (Ordinankce on

Substances; Rs 814.013).






