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INTRODOCTION

During the past 7 years a considerable smount of effort has been put into improving
the standards of kerosahe—operated refrigeraters for storing vaccines. Before 1978 the
small ketrosens refrigerators available were known to be ineffective in ambient tempera-
tures above 35°C, The need for some improvement in the technology of vaccine storage was

urgent:.

Most developing countries have at least some pericd of the year when the noon temper-
ature is above 359C, o cooling unit efficlency and the principles of cabinet design had
to be improved. The vast majority of applications for kerosene-operated vaccine refrig-
erators were in emall isolated health units which served small populations and hence
needed =mall refrigerators. The more efficient top—opening type cabinets were not avail-
able for such applications.

The issue of this docurment does not constitute Ce document ne constitue pas une publication,
formal publication. 1t should not be reviewed, [l ne dait faire 'objet d'aveun compte rendu ou
abstracted or quoted without the agreement of résumé ni d'aucune gitation sans Vautorisation de
the World Health Organization. Authors alone {"Organisation mondiale de |a Santé. Les opinions
are responsible  for views expressed in signed exprimées dans les articles signés n'engagent que

articles, leurs auteurs,
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Furthermore, there was a serious shortage of training and training materials avail-
able for the instruction amd gquidance of health persammel. Awereness of the special
service and maintenance needs of kerosene-cperated equipment was low and the responsibi-
lity for this task was not recognized. In-service training for this purpose was rarely
available, and formal training courses and materials for new staff in the principles of
vaceine care and handling were similarly lacking.

Finally, a survey of kerosene used in the cold chain in 7 countries showed that the
kerosene in use in each country suwrveved was of a low quality. In fact,. the quality of
this kerosene was so low that a normal domestic refrigerater of the type used in the EPL
colld not be expected to keep the correct temperature.

This combination of inefficient designs, inappropriate equipment, inadequate
maintenance and poor quality fuel meant that it was rare to find a kerosene refrigerator
at a health centre vwhich was cperating properly and which adeguately protected the
stocks of vaccine,

The purpose of this paper is to sumarize the developments that have taken place
since 1978. Sections 1 and 2 deal with developments on equipment and spare parts, ard
Section 3 describes the training materials available. Much work remains to be dong,
however, arxd the final part of the paper gives some directicons for further developments
which are needed on kerosene cperated eguipment,

1. IMEROVEMENT AND DEVELOPMENT OF ECUTPMENT

The most important changes in kerosene refrigerator design have been the develop-
ment of two refrigerator/freezers especially for storing vaccine,

1.1l FRefrigerator/Freezer for Health Units: The first of these new refrigerators
was developed for the EPL by Electrolux AB, and is described in detail in Annex 1.

In sumary, the advantages of this refrigerator over the previeusly available
kerosene refrigerators of a similar size are:

- Iow fuel consimpticon (Iess than half a litre per day):

- Ioryy "hold—over time" in case of flame failure (up to 12 hours);

- Top-opening cabinet of rust free plastic construction;

- Good internal temperature stability under varying ambient tewperatures;
Ability to cperate with zeveral fuel options;

- Rust-free plastic kerosens tank.

On the other hand this refrigqerator also has scome limitations:

Limited icemaking ability (less than 250 grams at 43°C);

Fragile lamp glass;

- Burmer performance that varies greatly with kerosene quality and, even with
acceptable quality fuel, flame adjustment is aifficult;

Higher capital cost per unit capacity than other medels;

Difficult requlation of internal temperature.

s

1.2 Refrigerator/Freezer for District/Regional Use: The second refrigerator also
developed for the EPI, made by SIBIR, 1s described in detail in Annex 2.

Its advantages ars, in summary:

- Automatically stabilized internal terperature;

- Iong hold-over time (three times that of similar refrigerators);
- Large icemaking capability (up to 4.8 Xgs per day);

- Rust-free plastic kerusene tank;

- Lower capital cost than models previously available.
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Tts limitations are:

- It is not yet widely used and, as a result, gpare parts may not be readily
available in scame countries;

~ The refrigerator has to be moved when routine maintenance is performed (access is
from the rear of the cabinet);

- Front opening cabinet.

These two refrigerators offer substantial benefits for vacceine storage in the rare
of up to 100 litres capacity compared with all medels previously available.

2. IMEROVEMENT IN THE QUALITY OF SEARE PARTS.

2.1 Iamp glass

After some innovative work by M.S. Patterrmaker of Dhacca, Bangladesh, the fragile
lamp glasse that was originally fitted to most kerosene refrigerators has largely disap-
peared. With the exception of the Electrolux RCW 42, all kerosene refrigerators are now
fitted with lamp glasses that can safely be dropped from a height of about a metre.
Some of these lamp "glasses" are actually made mainly of steel, and have oy a small

o window of glass; others are made of thicker, heat-treated glass. Work is contiming to
have the fragile lamp glass replaced on the Electrolux ROW 42, and to further improve
the window in the metal lanp glasses by Fitting a heat-proof glass window.

2.2 Ferosene Wicks

The Silver Trading Company, Osaka, Japan, have developed for EPL a series of wicks
for kerosene refrigerators, made from fibreglass instead of the traditional cotton.
These wicks are available in the four standard sizes comonly used in vaccine refriger-
ators, as follows:-

Burmer type Wick Number Tnlt Wick Coste (USS)*
Fibredglass Cotton
Hosmos 8% SM-0010F 0.47 0.67
Kosmos 10% SWM-002UF 0.51 1.39
Aladdin 23E SWI-231UF 1.03 2.96
Aladdin 32 SWI-141UF 0.94 1.45
e * Prices based on MAMfacturer's guotation for f breglass wicks
dated May 1985 and 1935 UNIPAC catalogue listing for cotton
wicks.

Field and laboratory tests have besn carried out on these hew wicks ard trials to
establish their working life are contimuing. Normal cotton wicks have a working life
reported to range from 3 to 12 wonths, deperxling on the conditions of use. By
comparison, the mamufacturer of the fibreglass wicks claims a three year working life.
At the time of writing (May 1986) the fibreglass wicks have heen hrning contimiocusly
for 16 months with ro sign of any significant reduction in performence or langth of the
wick.

3. [EVEICEMENT OF TRAINING ODURSES AND MATERTAIS

Tn addition to the general cold chain training materials available, specific mater-
iale have been developed which cover the principles of care and operation of all types
of kerosene-cperated refrigerators for vaccine storage. Unless otherwise indicated, the
rmaterials listed below are available free of charge for limited cuantities from EFT,
World Health Organization, Geneva or Regional Offices.
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3.1 Ref{:iqerator Use, Maintenance ard Repair Booklets in a medular, 15 book series
prc:va_de.mteru.al for courses designed o improve the standards of refrigerator and cold
room maintenance and repaiy. The series iz grouped into two sub—sebs:

(a) Uszer and Maintenance Handbooks

Each of the following pairs of handbocks form a one-day course for pecple who
use compression, Kerosene or gas refrigerators, or cold rooms:-

Module Numberl Title

14 How to look after a compression refrigerator
15 Users' handbook for compression refrigerators

18 How to look after a kerosene refrigerator
17 Users' handbook for kerosene and electric refrigerators

18 How to look after a gas refrigerator
19 Users handbock for gas and electric refrigerators

21 How to look after a cold store
22 Users! handbeok for vaceine oold stores
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Ihese handbooks are also part of the Logistics and Cold Chain for
Primary Health Care modules and the mumbers below indicate where they fail

within that zeries.
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(b)) Repair Technicians Handbooks

The followirg booklets are the basic materials for a 10-day course for refri-
gerator repair technicians:-

Module Number Title

Servicing and repair technicues
Faults and fault-finding

Repair work

How to keep stocks of spare parts
Task sheets and progress tests
Instructors handbook
Marmfacturers spare parts lists

R NNl By

HANDBDOX FOR REFRIGERATORS
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Pes) @l 'COMPRESSION REFRIGERATORS

© . paRT. D

TEQHNICIAN'S HANDBOOK FOR
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3.2 logistics and Cold Chain for Primary Health Care Booklets comprise a series
of 24 handbooks which are designed to teach the skills needed to estimate the demand for
supplies, to store and distribute the supplies properly, ard to maintain the ecuipment
required for storage. This series comprises the following titles (scme of which also

appear in the list in paragraph 3.1(a) above):

Module Number Title
1. How to estimate requirements for an existing store
2. How to store supplies
3.  How to distribute supplies
4. How to keep records and calculate wastage
5. How to control quality of stocks
6. How to estimate requirements for the firet time
7. How to estimate chloroguine reguirements for the first time
8. How to estimate ORS packet recuirements for the first time
9. How to estimate vaccine recuirements for the first time
10. Hew to estimate contraceptive requirements for the first time
1l. How to estimate essential drug requirements for the first time
12. The cold chain game
13. How to improve commmication (& Armens)
14. How to look after a compression refrigerator
15. Users handbock for compression refrigerators
16. How to lock after a kerosene refrigerator
17. Users handbook for kerosene and electric refrigerators
18. How to lock after a gas refrigerator
19. Users handbook for gas and electric refrigerators
20. How {0 keep stocks of spare parts
21. How to lock after a cold store
22. Users handbock for vaccine cold stores
23. Instructors gquide
24. Evaluation questicmnaire

f_ o
LOGISTICS AND COLD CHAIN
FOR PRIMARY MEALTH CARE

LOGISTICS AND COLD CHAIN
FCR PRIMARY HEALTH CARE

HOW TO E0TIMATE RECIHREMENTS
FOR AN DOETING STOMR

N —/
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3.3 Crywersion from Kerosene to Gas Operation is a booklet explaining the detailed
steps necéssary to convert an existing kerosene refrigerator to gas coperation. The
booklet deals specifically with two comon refrigerator models:

Electrolux RAK 100, and
Sibir K230T

Generalized instructions are also included to ensble conversion of any other
kerosene refrigerator to gas operation. The spare parts needed for the corversion of
the Sibir model K230T are available in kit form from the marufacturey, but for the
FlectroLox model FAK 100, individual items as detailed in the booklet, must be spacified
with any order. This booklet is available only in English.

HOW TO CONVERT
A REFRIGERATOR. FROM e
KERQSENE TO GAS -\_OPERAT!ON

3.4 Modules for the installation, meintepance and repair of solar refrigerators
are currently being prepared. The malltelance amd repair moduies are expected to be
ready by late 1986 and the installation module shortly thereafter.

3.5 Slide Sets showing how to care for and waintain kercsene eguipment, how to
coines, and how to recognize the six EFL dizseases. These sets

comprise 48 slides, and are intended for use in instructing health staff at all levels
in these important principles. The slides are available from Teaching Alds at ILew Cost
(TAIC) UK, at a cost of 6,50 pounds sterling per set, inclusive of an explanatory et

which may be used as the basis for a technical presentation.
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Jj.6 A FoldOut Wall Chart for kerosene refrigerators was developed, based on the
points of care and maintenance explained in the slide set. This chart is interded for
use at all lewations where refrigerators are used, amd is available frem WHO/EPT in
English, French or Portumguese largusge.

4. FIURE DEVELOIMENTS

Although progress has been made in a mmber of areas, mach work remains to be done.
Sone of the inportant issues which are currently receivirg attention are the following:

4.1 Management of Fuel Supplies

One of the most critical problems which faces operators of kerosene powered refrig-
erators is the provision of regular and reliable supplies of high quality fuel. This
problem is usually closely related to country economies and thus it may not be within
the pawer of EPI programme managers, or even ministries of health, to ensure continuous
ard adequate supplies of keromene.

There are, however, several strategies that have been emploved with varying degrees
of success to alleviate this problem.

(a) External furding of recuwrrent costs (such as kercsens, petrol or diesel
fuel) is now recogmized by =some agencies as an essential component of pro-
gramne assistance. This is sometimes only furded by the donor agency for a
limited period amd, thereafter, recurremt costs are expected to be covered by
the national govermment. However, during perieds of econemic difficulty,
special provisions for ewternal furding of this vital programme element may
have to be considered.

{b) Revolving funds tTo cover fuel costs are being considered (notably by
Mozawbicpie), and this svstem also offers possibilities for other countries,
Typically, a fund of foreign currency iz established to buy high grade fuel on
the intermational market and this fuel i= then available for purchase by the
country using local aurrency. The agency that established the fund then uses
the local currency to fund other projects in that comtry. In thi= way the
country can be assured of a contimous supply of high grade fuel and the donor
can be assured that they are not spending their money on recurrent costs.

(c) SubContracting the supply of fuel to the private sector (as used for
gas supplies in Zimbabwe) relieves the programme of the problems irnvolved with
managing the fuel =upply. However, the question of adeguate finance and
fuel stocks remain uncharxged.

(d) Special Storage Tanks are used in Tanzania to provide large stocks of
kerosene exclusively for EPI use., This systom may ke applied on a national,
regional, district or health centre basis, as appropriate. Such buffer stocks
help to avoid short term fluctuations in supply. However, national stocks and
the programme fueul budget still determine programme viability.

{e) Deliverier of kerosene in eealed drames together with vaccines and other
supplies 13 ancther method of ensuring regular stocks of fuel. This system
helps to avoid the difficulties of contaminated fuel found in many countries.
This system is currently being used in Fiji.
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while these various strategies have been helpful in ensuring regular fuel supplies,
there iz, as yet, no method of quaranteeing availability. Further attention to this
critical preoblem is neaded.

4.2 Fuel Quality

Contamination of fuel supplies takes two main forms:

(i) impurities (dirt, water etc.) that have been mixed with the kerosene, ard

(ii) non-kercsene components that remain in the fuel after the refining process.
This results in a low—grade product.

The first problem may be solved by attention to the handling of the fuel (as with
the sealed drum system mentioned above), but the second problem causes kerosene to burn
with a smokey flame when the wick iz tumed up. The more impurities in the fuel, the
more easily the flame will smoke, and the harder it becomes to adjust the refrigerator
to the required storage temperature.

Chemical additives have been tried vhich reduee the amsunt of smoke produced when
the fuel is burned. However, the tests conductsd have not proved successful, and furth-
er investigation of this possibility iz needed.

4.3 Fuel Burmers

ancther approach to the preblems caused by low—grade fuel is to try to design a
refrigerator and burmer vhich can tolerate low grade fuels. One warmufacturer has pro-
duced a design for a low-grade kerosene burner but, so far, this is not available in a

size small enough to ke used in vaccine refrigerators. Further development of thisg idea
is clearly needed.

Cther attempts have been made to avoid the use of kerosene entirely by trying to
design a diesel fuel burner for refrigerator use, but to date this has not proved suc-
cessful either, ard this is an area where additional study and development are needed.
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HEALTH CENTRE REFRIGERATCR
ELECTROIIY ROW422

The RCW4H2 refrigerator was developed by Electrolux” on the basis of a WHO/EPI
specification for storing vaccine in health centres. The appliance consists of a cold box
known as an RCW25 which has been fitted with a cooling unit, One RCW42Z refriperator is
sufficient to store vacciue in a health centre covering an area with a population of 100,000
on the basis of a one month vacecine supply interval. The RCW42 refrigerators are available
in 5 meodels:

a) Absorption types:
1. EK (Electric 220/110vV, 12V DC and Kerosene)
2. EG (Electric 270/110V, 12V DG and Gas)
3, BEEG (Electric 220V/110V, 12V DC, 24V DC, Kerosene and Gas)

b) Compression types:

L. AC (110/220V)
2. pC (12/24V)

RCW 42 EG

The objective of the present paper is to summarise the results of the field and
laboratory trials carrvied out on the EK and EG models of the RCW42 refrigerators.

a. Field Trial
b. Laboratory Tests
1. Maintenance of safe temperature for vaccine.
2. Ability to maintein an acceptable internal temperature with partial and
with no electrical supply.
3. Ability to freeze ice,
4. Heold over time.
5. The effect of day/night temperature.
6. Energy consumptlon. o
7, Unit price of RCW 42 models.
8. Shortcomings of RCW 42, EG and EK models.
€, Summary

* Development costs were borne by the Government of Luxemburg and 359 units were
donated for the purpose of these field trials.

2This amnex also exists separately as dooument EPI/CCIS/83.10.
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a. Field Trial ANNEY 1

During 1982 and 1983 field trials were carried out on a total of 359 RCW4Z, EK and EG
models in 77 developing countries within 5 WHO regions.

The users of RCW42 refrigerators in EPIs in different countries submitted a number of
temperature record forms, together with their comments regarding the performance and the
condition of the units in field trials. The forms constitute a daily record of internal
refrigerator snd external temperatures. 5o far, reports have been received from 15 countries
and are summarised in Figure 1,

Figure 1. Summary of field trial for EK and EG models

Humber of countries Number of Humber «f countries Refrigerators Tacal numbaer

Regioa participating in units from which repart running days ox of ruaning
trial ceated received E G kT days

Africe 42 100 7. 348 | - 571313 J44
Americas 17 o] 4 356 ] - - {156 512
Eaatern Mediterrancan 5 50 2 137 {177) 3of - I4b

South East Asia o 0 2 83| - -5 - B3
Wesztern Pacifie & 69 - - u = = -

Terah: 3 17 359 15 B45 | L7 &7 %9 L7113

EG models 76 ualta
EK models 283 units
Total units of RCW&Z: 359

The colilected data from the field trial have been examined quantitatively and
qualitatively. The total running time for EK snd EG models together in this trial was 1713
days (see Figure 1).

b. Laboratory testis

The standard EPI protocol for testing refrigerators in laboratories has been applied to
the RCWAZ models, The summary of the tests has been shown in Figure 2.

Figure 2. Summary of the laboratory tests on RCW42 meodels

Tested on
Models E (220V) E or G
EK ‘ uv uv
CA CA*®
EG 5p 5F
CA
EKG _ CAw -

% opnly ice freesing capacity and operation on polluted kerosene
%% tegted with ? abgorption units operating simultaneously

UV: Univalle Laboratories, Cali, Colombia

CA: Consumers' Association, .Harpenden, U.K.

5P: Staten Provningsanstalt, Sweden
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1. Maintenance of safe temperature for vaccine storage

Figure 3 and Figure 4 show the percentage of time that various internal temperature
ranges wera maintained. Since the field trials were carried out in 77 countries, the
inference can be made that the appliances were exposed to a wide spectrum of climatic
coﬁditions. The mean smbient temperature was approximately 29°C with a range betwean 9 and
42°c,

Figure 3. Internal temperature distribution based on field trials

Temperature Internal temperature Number of days Parcentage of total
Range c
A =20 te -5 81 5
B -4 to 0 113 7
C 1 to 8 1439 83
D 92 to ID 72 4
E 21 to 43 8 1
Total 1713 100%

It can be seen that 83% of internal temperature records fall inte the acceptable
temperature range for vaccine storage.

Figure 4. Internal temperature distribution based on field trials
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Temperatuce rcanges

The 17% internal temperature records which do not fall within the acceptable temperature
range may be caused by the following:

a) 5% of temperature recorde which fall between 9 to 45°C (the shaded area on the right,
side of the curve, Fig. 4) are accounted for by long pericds of power cuts (more

than 13 houts in 24 hours) and lack of kerosene or gas.

h) 12% of temperature records which fall between -20 to 0°C (the left side of the
curve, Fig 4.) are due to wrong adjustment of the flawe length when EK models were
on kerosene operation. There have been reports of difficulties in adjusting the
flame length and consequently in stabilizing the internal temperature in EK models.
lowever, this is mainly attributed to the poor quality of keroseme in many
developing countries
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Results of the laboratory tests show that the acceptable internal temperature for vaccine
storage can be maintained in both EK and EG models under 32 and 43°C external temperatures.
One laboratory test shows that when an EG model is opersted on an electrical supply, in 32
and 43°C external temperature, am acceptable internal temperature ia obtained without
changing the thermostat setting (thermostat on 3). This might be because of the well sealed
lid and effective insulation of the box,

The results of laboratory tests for the EK model when operated on kerosene are comparable

ro the results of the field trial and confirm the difficulties in adjusting the flame to

. stabiligse the internal temperatures. A rest has bee¢n conducted in the laboratory on the EK
model gperating with polluted kercosene at 32°C external temperature. The result indicates
that routine maintenance (cleaning the burner and trimming the wick) approximately every 3
days should be carried out to maintain a stable internal temperature. The samg test
concludes that, in higher external temperatures, when a higher flame is required the burner
should be examined more frequently.

The RCW42, EK and EG models, are capable of bringing the internal temperature to 10°¢
with external conditions of 32°C in approximately 3.5 hours (based on laboratory tests).

‘ 2, Ability to maintsin an acceptable internal femperature with partial and
with no electrical supply

EX and EG models can both be run on electricity snd each with kerosene and bottled gas
respectively so they are suitable for areas with limited or no electrical supply.

In the range of small and low vaccine storage capacity refrigerators, RCW4AZ models are
the only appliances which can be operated on electricity snd one other fuel source.

3. Ability to freeze ice

The present evaporator of the RCW4Z is not designed specifically to freeze ice packs.
The freezing capacity of the units have been laboratory tested by using ice trays. Figure 5
shows the summary of the results.

Figure 5. Ice freezing capacity of RCW42 models in kg in 24 hours

External temperature °c
) Models at 32 at 43
EK 1.1 Not tested
EG 1.35 0.5
EKG* 2.40 . 1.5
AC 2.40 Not tested

#Two absorption units operating simultaneously

The laboratory tests on RCW42 models indiecate that when an acceptable internal
temperature is obtained, the temperature difference betwean the coldest and the warmest
points within the internal space of the refrigerator is very small as shown in Figure 6.
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Figure 6. The temperature difference (in 'C) between the warmest and
the coldest points within the internal space

External Temperature; C

Mean internal
a
temparature C

32 43

Not available

L3

This in turn, shows that the thermostat should be accurately set to freeze ice in an
vptimum period of time without exposing the vaccine to a freezing temperature.

New evaporators have been developed to enable the RCW4A2 models to freeze 4 standard ice
packs (1.3 lic.) in 24 hours at 32°C ambient temperature. The RCW42 refrigerators produced
from 1984 onwards will all be equipped with these new evaporators. Conversion kitas will be
offerad to enable the users to change the evaporators of currently existing units so that
they can freeze ice packs.

4. Holdover time

Figure 7 compares the holdover time of several different refriperators.

Figure 7, Noldover time in hours

Exrernal cemperature{oC)
E 2
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It can be seen that the holdover time for RCW&2 (12.5 hours and 6.5 hours at 32 and 43°C
axternal temperatures respectively) is comparable with that of other refrigerators in spite
of the RCW42 low internal capacity. v
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5. The effect of day/night temperatures

Laboratory tests indicate that the acceptable internal temperatures for vaccine storage
in sll RCWAZ models are exceptionally well maintained when subjected to varying external
¢conditions, such ss would occur when exposed to outside day and night temperatures in a
desert area. Figure 8 shows the effect of such condition on different refrigerators.

Figure &, Min./Max, internal temperature for day time 43°C night time 15°C

RCW 42 EKG
frew 5% ¥H
[ RGW 42 AC (7, /
[ SIBIR 52321 E/G — ////
Sp———

SIBIR 83325 E/X 1

A A A
Tow 1151 Y, '
/
RCW 65 G
L ] ‘/

[ EA 1302 E/G ]
A
[ RAK 100 E/K /{Eiji//
Tavafugs Fngel /<;>/
‘ o . . j . h i . 4178 ug!:. nge _I V// ; . . .
-1 -B -7 -5 -1 -1 0 i 3 5 7 L] 1
‘ il ol

However, the laboratory test indicates that, when the EK model is operating on kerosene,
the internal temperature is not as stable as it iz with electricity. The flame height needs
to be readjusted for day and night time temperatures.

&. Energy consumption

Figure 9 shows the energy consumption for RCW42 models based on laboratory tests.

Figure 9. Energy Consumption

External Temperature
Source of °c Unit
Model Energy 3z 43
EK E 2,2 2.2 Ewh/24 hrs
K 0.3 0.4 1it./24 hrs
EG E - - -
6 0.13 0.2 Kg/24 hrs
E 2.4 3.1 Ewh/24 hrs
EKG* K - - -
G —_ - -

*yhen two cooling units operating simultaneously.
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Figure 10 shows the comparison of energy consumption between RCWAZ models and other
similar refrigerators. The last column on the table shows the fuel consumption per 10 litres
of net vaccine storage in 24 hours at 43°¢ external temperature. It can be seen that both EK
and EG models have a lower fuel consumption tham other absorption refrigerators.

Figure 10. Comparisen of energy eonsumption

Net vaccine Power CGongumption Congumption per
Refrigerators storage capacity| eption in 24 brs at 10 lits of net vaccing
lit. 32°¢ 43°C storage in 24 hrs at 43°C
RAE 100 70 E/K 0.B lit. 1.0 lit. 0.143
S1BIR 2325 C 60 E/8 0.9 lit, 1.0 Lit, 0.166
RCW 65 K 142 K 1.81 lit. 2,5 lit. 0.176
RCW 42 EK ' 24 E/K - Q.3 lic. 0.125
RA 1302 70 E/G - - -
S1EIR 2323 60 E/G 0.45 kg. 0.6 kg. D+.1
RG 65 1‘.502 G 0.9 kg. 1.5 kg. 0.105
ftCW 42 EG 24 E/G Q.13 kg, 0.3 kg, .08

The kerosene consumption per 10 litres of net vaccines storage for EK models is 22% lower
than average consumption of the other 3 kerosene refrigerators. Similarly, the gas
consumption per 10 litres of net vaccine storage for EG models is 24% lower than the average
gas consumption of the other 2 gas refrigerators.

7. Unit price of RCW 42 models

Figure 11 shows the unit price for different absorption refrigerators with 2 power source
options. The unit price per net vaccine storage (UP/NVS) is shown on the last celumn. It
can be seen that UP/NVS of the other refripgerators are all lower than those for RCW 412
models. The UP/NVS are 2.36 and Z.00 times larger than the average UP/NVE of the other
refrigerators respectively for EX and EG models. However, for health centres covering An
area with a population of 100,000 (en the basis of a one month vaccine supply inkervall,
where one unit of RCW 42 is sufficient, the low running cost of the appliance will compensate
the high UP/NVS in the long run.
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Figure 11. Unit price {prices are for May 1983)

Absorption nvS Ice making capAcity Price per Capital Cost per
refrigecatora 1it. . kg/day unit (US$) net vaccine atorage
at 3f'c at 437¢ capacity

EL RAK 100 ’ 1.9 1.4
SIBIR 2325 2.9
RA 1302 3.0

sIAIR 2323 2.7

Haan

RCHW 42 EK

RCW 42 EG

RCW 41 EKG

For EK: §9.58 1 8.275 = 2.37
For EGr 16.58 : B.27% = 2.00

Shortcomings of the RCW 42, EG and EK models (based on field and
lgboratory tests)

a) General in 2 models

The present form of the evaporator is not capable of freezing ice packs
efficiently.

The thermostat display is not easily understood in & number of developing
countries. Sometimes the divisional numbers on the thermostat scale are taken

for internal temperatures.

No baskets have been provided with the appliances, Therefore, some ¢f the
vaceine load must be removed to enable the ice trays to be loaded and unloaded.

b) For EK model
The performance of the burner varies greatly with the quality of kerosene used.

Even with a relatively acceptable quality of kerosene, flame adjustment is not
sasy.

‘the rate at whieh the glass chimreys break is high. The number of spare glass
chimneys that are supplied with the units is net sufficient.

.8 Summarz

Based on the results of the field and laboratory trials the performance of the RCW 42, EK
and EG models, is acceptable for storing vaccine. They are unique in the range of low
vaccine storage capacity refrigerators in that they offer two power source options on one
unit.

The units are suitable for areas with limited and/or no sleetrvicity. Due to their low
energy consumption, EK and EG models are recommended for outlying health centres where fuel
is supplied at regular intetvals,

The units have the ability te keep a safe temperature in areas where day and night
temperature differences are very high.

The EK and EG models are highly economic to run,
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ANNEX 2
COMPARTSON EETWEEN SIEIR AND ETECTROLIX
CAS (R KEROSENE REFRIGERATCRSS

During the past 2-3 years there have been important developments in the design of
front-opening kerosene and gas opervated vefrigerators for the vaccine cold chain.

For many years, one manufacturer —~ Electrolux AB of Sweden — has dominated the supply of
vaccine refriperators for vaceine gtorage, Recently, another manufacturer = SIBIR
Kihlapparate of Swirzerland - has been working with WHO/Geneva to produce specially modified
kerosene and gas refriperators for vaceine storage, Sibir has produced four models that
compete directly with two equivalent Electrolux models.

The purpose of this paper is to compare these gix front-opening rvefrigevators and to
clarify thelr strengths and weaknesses to help the purchaser in making a choice.

On rhe surface, these gix refrigerators have several features in common (see‘phntographs
reproduced overleaf):

— they are all approximately the same size;
- they are all front cpening;
- they all have two doors — one for freezer compartment:
= one for the refrigerator compariment.
The table on page 2 summarizes the differences.

CONCLUSIONS

Kerosene operated refrigerators:

The choice between these three refrigerators depends on the price, the fuel opticns
needed, the icemaking capability and the need for an zutomatic temperature controller. This
device — which has been especially desipned for EPI ~ controls the internal temperature when
there are wide fluctuations in outside temperatures, This controller also gives the
refrigerator a longer “holdover time” 1n case of flame failure (6 hours).

Where cost is important: Select SIBIR model § 2325 PV1 at US$ 458.

Where a dual fuel coption is needed: Select SIBIR model § 2325 PVl with electric
heater option at US$ 31.00. Total cost: US$ 489.

Where better temperature control Select SIRIR model S 2325 PEV 15T at US$ 585.
is needed:

Where i{cemaking is important: Select Electrolux model RAK 1302 at US$ 641.

Gas operated refrigerators:

The chofce between these three models depends on the price and the quantity of ilce needed.

Where cost is ifmportant; Select SIBIR model 5 2323 2WVI at Us§ 456.

Where lcemaking capacity 1s important: Select SIBIR model § 2723-2WVL that makes
6.3 kgs of ice in 24 hours and costs US§ 510.

3This annex also exists separately as document EPI/CCIS/85.3/Rev.l.

[
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ELECTROLUX RA 1302

ELECTROLUX RAK 1302




