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2. Introduction

Environmental technology verification (ETV) is ardependent (third party) assessment of the
performance of a technology or a product for a $igelcapplication, under defined conditions
and quality assurance.

DANETYV is a Danish center for verification of enmmmental technology.

This test plan is the implementation of a testglesieveloped for performance verification of an
environmental technology following the ETV method.

2.1. Verification protocol reference
J.no 1101 — SolarChill B - Verification Protocol

2.2.Name and contact of vendor
SolarChill Project Coordinator, Mr. Janos Maté

Contact: 5106 Walden St., Vancouver, BC., Cantsl&/ 2V7
Phone: +1-604-325-0943, E-mail: jmate@telus.net

2.3. Name of centre/test responsible

Danish Technological Institute ,Verification CentReefrigeration and Heat Pump Technology,
building 2, Gregersensvej, DK-2630, Taastrup, Dekma

Verification responsible: Emil Jacobsen (EMJAMaH: emil.jacobsen@teknologisk.dk,
phone: +45 7220 2323

Internal reviewer: Bjarke Paaske, e-mail: bjarkagk& @teknologisk.dk,
Phone: +45 7220 2037

2.4.Expert group

The expert group assigned to this verification eegponsible for review of the verification plan
and report documents includes:

Preben Munter (PM), SEAS-NVE, phone +45 7029 245mailpm@seas-nve.dk

3. Test design

The testing of SolarChill B refrigerator is baseab texisting standards. The type-test is based on
existing standard WHO/PQS/EOQ3/RF05-VP.2 (20.05.204Mich is a standard for testing solar
powered refrigerators and water-pack freezers withattery storage. The standard deal with
performance, quality and safety, and includes tdets evidence of conformity, power
consumption, day/night test, and the like.
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As the above mentioned standard has been developeckrifying the performance vaccine
coolers some alterations to the temperature remeints, test packages, and packing plan have
been made. Changes to temperature are based eristiag European Standard EN ISO 15502
clause 6, changes to the test packages are madedrdance with clause 8.5, and changes to the
packing plan are made in accordance with claus& 13.

These alterations have been made to ensure tHeaton of proper food safety and hygiene,
and relevance to the intended use of the produuthnis refrigeration of perishable foods and
drinks. EN ISO 15502 is a standard test of charisties for household refrigerating cabinets.

Furthermore, to give a better idea of how the gehator will perform in an actual setting only
being powered by a PV array, the voltage and ctrsepplied from the PV array will be
measured at the maximum power point at differetdrs@diation levels according to a solar
radiation reference period. The measured voltagecarrent will then be the values used when
the refrigerator is supplied by an external powgppdy during different performance related
tests carried out in a climate chamber. Establgskive actual performance characteristics of the
PV array prior to the tests in the climate chamdresures that vendor claims are verified and that
tests between different models and makes are cailgaf-urther information about the test can
be found in appendix 4.

These above mentioned test are done in order ify viee following target and effect(s):

The target of the product is:

- Adequate cooling of refrigerated products usinguspbwer only.
The effect of this application is primarily:

- Refrigeration of products without external powepsly or batteries.
Secondarily the application will:

- Improve food safety and food hygiene in develogiagntries.

- Provide refrigeration technology to people with eed or wish to refrigerate food or
drinks in parts of the world with no or unrelialelectricity supply.

- Provide a more reliable, safer and cleaner form refrigeration than kerosene
refrigerators.

- Provide a refrigeration technology that is enviremtally friendly as it does not use any
ozone depleting or potent global warming substances

- Improve on existing solar powered cooling technm@egby bypassing the use of
conventional lead batteries which have proven t@abrajor obstacle to the uptake of
solar technology in developing countries.

4
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The test method is described in appendix 4 — Irsbdast methods.

3.1.Test site

The performance tests are carried out in a clirobéenber at the Danish Technological Institute
in Taastrup.

3.2. Type of site

The climate chamber at DTI in Taastrup, Denmarcizredited for performance tests according
to 1ISO 15502.

3.3. Addresses

The address of the site is:
Danish Technological Institute, Centre for Refragean & Heat Pump Technology,
Gregersensvej, DK-2630 Taastrup

3.4.Descriptions

The SolarChill B refrigerator series is characediby appliances having well insulated cabinets
with internal ice storage, and solar powered DC p@ssors without battery backup. The
compressors are filled with a natural refrigeraiiie ice storage is placed close to the
evaporator, and has the function of a thermal snstiarage.

At the moment the SolarChill B refrigerator sergemsists of a lineup of two different models,
an upright type and a chest type, with the possitmf more to come in the future.

3.5.Tests

3.5.1. Test methods
The test method used is described in appendixvhelise test methods.

3.5.2. Test staff

The test staff is:
Lene Klemgaard Sampling and reporting
Hans Wallge Head of laboratory

3.5.3. Test schedule

Task Timing
Application definition document Oct. 2010
Verification protocol with test plan Oct. / Nov. 2010

Test Jan. 2011
Test reporting Jan. 2011
Verification Feb. 2011
Verification report Feb. 2011
Verification statement Feb. 2011
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3.5.4. Test equipment
The test equipment includes:

Climate chamber
- Temperature sensor for ambient air
- Humidity sensor for ambient air

Refrigerator
- M-packets according to ISO 15502

PV array
- Ul-curve tracer
- Thermocouple, or a Ul-curve tracer reference céh mternal temperature measurement.

All data are collected via a humidity sensor, thecouples and data acquisition unit(s).

3.5.5. Operation conditions
During operation the refrigerator is adjusted ® fibllowing settings:

Temperature
- The target temperature is the warmest permissibtage temperature of each
compartment, according to Table 1. The thermosiatls thus be set so that the target
temperaturen the warmestompartment is within a tolerance of -2 K/ + 0 K.

Table 1 Storage temper atur e limits
Compartment Fresh-food Chill Cellar

Temperature alias 1k, tom, tam tms tec tem
Target temperature [°C]| Oty mtam<8 |<4 | -2<t;n<3 | 8<tn<14

3.5.6. Operation measurements

The system is operated under various conditionsrée¢he performance test to assure that
everything is working correctly. Data collectiomfin all measuring equipment is evaluated to
check that the system is running as planned.

3.5.7. Test matrix

The methods described in appendix 4 (In-housentetiiods) and appendix 5 (In house data
processing) is followed during the test.

3.5.8. Product maintenance
No maintenance is required for testing the product.

3.5.9. Health, safety and wastes
The use of this product does not imply specialtheahfety and waste issues. Work during
testing will comply with the general rules regaglsafety at DTI.

6
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4. Reference analysis

4.1. Analytical laboratory

No external analytical laboratories are used fa ¥erification process. All measuring and data
processing are executed by the DTI test staff.

The test sub-body is responsible that:
- The performance test is carried out according eéaist plan
- Data processing is carried out according to thénott described in the test plan
- Adequate internal reviews are performed on bothsetsip and data processing
- All procedures are carried out according to thet@eQuality Manual

4.2. Analytical parameters
The parameters processed to verify the effecteptioduct are:

PV array:
- Voltages, Bmax at maximum power points
- Currents, pmax at maximum power points

Refrigerator:
- Temperatures of M-packages

Furthermore the temperature and relative humidity@ ambient air in the climate chamber are
logged throughout the tests in order to assurecibraditions are stable during the entire test
period.

4.3. Analytical methods
Data related to performance characteristics aregssed according to ISO 15502.

Data related to the performance of the PV arrayeweessed according to the description in
appendix 5 — In-house data processing.

4.4. Analytical performance requirements

A specially designed Excel spreadsheet is usedltolate the performance from the measured
parameters related to the PV array. As data areddgetween several files, thorough reviews
are performed as described in appendix 5.
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5. Data management

5.1. Data storage, transfer and control

The data to be compiled and stored are summanztbie below. Analytical raw data are filed
and archived according to the specifications ofgghality management system.

Datatype

Data media

Data recorder

Datarecording
time

Data stor age

Test plan and
report

Protected PDF-
Files

Test responsible

When approved

Files and arch
at Tl

Log files In-house file Technician, TI During collection| Files and archiv
format at Tl

Calculations In-house Test responsible During calculatign  Files and arei
application / at Tl
excel file

Final result and
verification report

Protected PDF-
files

Test responsible

After testing

Files and archi
at Tl

6. Quality assurance

6.1. Test plan review

Internal review of the test plan is done by BJPA
External review of the test plan is described # 1.

6.2. Performance control
The appliance is tested for functioning thoroudbdyore the verification tests are initiated.

6.3. Test system control
Test and measuring equipment is checked agaireserefes or calibrated to ensure accurate
values as described in appendix 4 — In-house te#ftads. This is done prior to testing and no
intermediate check or calibration is necessaryutjinout the test period.

DANISH
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6.4. Data integrity check procedures

All transfer of data both handwritten and electopms subjected to 100 % control by another
person.

Approved spread sheets and calculation programsafoulation of results is subjected to 100 %
control to assure correct calculations and results.

Data input in spread sheets and calculation progresris subjected to 100 % control, in order to
secure correct calculations and results.

6.5. Test system audits
No audit is performed

6.6. Test report review

Internal review of the test report was done by BJPA
External review of the test report was done byetkgert stated in chapter 1.4.

7. Test report

The test report will be included as an appenditheverification report. The test report will
contain the test plan except for this chapter 7civiwill be replaced by a Test result chapter
according to the DANETV Centre Quality Manual, imting 7.1 Test performance summary,
7.2 Test measurement summary, 7.3 Test qualityassel and 7.4 Deviations from test plan.
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Appendix 1 Termsand definitions used in the verification protocol

Terms and definitions used
Table 1:

in the protocol are @xred in

Table1- Terms and definitions used by the DANETYV test cente

Word DANETV Commentson the DANETV
approach
Analytical Independent analytical laboratory | The test center may use an
laboratory used to analyse test samples analytical laboratory as
subcontractor
Application The use of a product specified withThe application must be defined
respect to matrix, target, effect angdwith a precision that allows the
limitations user of a product verification to
judge whether his needs are
comparable to the verification
conditions
DANETV Danish center for verification of None

environmental technologies

(DANETV) test
center

Preliminary name for the
verification bodies in DANETV
with a verification and a test sub-
body

Name will be changed, when thg
final nomenclature in the EU ET
has been set.

Effect

The way the target is affected

The effectidde reduced
energy consumption, better
cooling performance etc.

(Environmental)
product

Ready to market or prototype stag
product, process, system or servig
based upon an environmental
technology

eThe product is the item produceg
eand sold and thus the item that g
vendor submit for verification

]

|

Environmental

The practical application of

The term technology is covering

technology knowledge in the environmental | variety of products, processes,
area systems and services.
Evaluation Evaluation of test data for a None
technology product for performange
and data quality
Experts Independent persons qualified on &hese experts may be technical

technology in verification

experts, QA experts for other

10
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Word DANETV Commentson the DANETV
approach
ETV systems or regulatory
experts
Matrix The type of material that the Matrices could be cooling
product is intended for systems, cabinets, heat
exchangers etc.
Method Generic document that provides | An in-house method may be used
rules, guidelines or characteristics| in the absence of a standard, if
for tests or analysis prepared in compliance with the
format and contents required for
standards.
Performance The effects foreseen by the vendagr None
claim on the target (s) in the matrix of
intended use
Performance Parameters that can be documentedhe performance parameters must
parameters guantitatively in tests and that be established considering the
provide the relevant information on application(s) of the product, the
the performance of an requirements of society
environmental technology product| (regulations), customers (needs
and vendor claims
Procedure Detailed description of the use of & he procedure specifies
standard or a method within one | implementing a standard or a
body method in terms of e.g.:
equipment used
Producer The party producing the product None
Standard Generic document established by None
consensus and approved by a
recognized standardization body
that provides rules, guidelines or
characteristics for tests or analysis
Target The property that is affected by theTargets could be temperature

product

[° C], energy [kWh] etc.

verification sub-
body

Test center, test Sub-body of the test center that | None
sub-body plans and performs test
Test center, Sub-body of the test center that | None

plans and performs the verification

11
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Word DANETV Commentson the DANETV
approach
Test/testing Determination of the performance None
of a product for parameters defined
for the application
Vendor The party delivering the product tp Can be the producer
the customer
Verification Evaluation of product performance None

parameters for a specified
application under defined
conditions and adequate quality
assurance

12
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References (verification protocols, requirement documents, standards,
methods)

1. DANETV. Center Quality Manual, 2008

2. European Parliament and Council. Directive 200&&26f the 1 May
2006 on machinery and amending Directive 95/16/€Cast).

3. European Council: Directive 89/655/EEC of 30 Novemb989
concerning the minimum safety and health requirgsnfem the use of work
equipment by workers at work (amended 2007/30/EC).

4. 1SO 12100-2:2003: Safety of machinery - Basic cptgegeneral
principles for design - Part 2: Technical princgple

5. WHO/PQS/EO03/RF05-VP.2 (20.05.2010) — Refrigeratarambined
refrigerator and water-pack freezer:compressionecy®olar direct drive
without battery storage.

6. European Standard EN ISO 15502 — Household reéiipey appliances

7. Measurement protocol for energy reductions in Refated display
cabinets for ETV tests at DANETV

13
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Appendix 3 Application and performance parameter definitions

This appendix defines the application and the eseperformance parameters application as
input for verification and test of an environmert&thnology following the DANETV method.

A3.1 Applications

A3.1.1 Matrix/matrices

- Food and drinks

A3.1.2 Target(s)
The target of the product is:

- Adequate cooling of refrigerated products usinguspbwer only with no battery storage

A3.1.3 Effects

The effect of this application is primarily:

- Refrigeration of products without external poweply or batteries.
Secondarily the application will:

- Improve food safety and food hygiene in develomiagntries.

- Provide refrigeration technology to people with eed or wish to refrigerate food or
drinks in parts of the world with no or unrelialeiectricity supply.

- Provide a more reliable, safer and cleaner form refrigeration than kerosene
refrigerators.

- Provide a refrigeration technology that is enviremtally friendly as it does not use any
ozone depleting or potent global warming substances

- Improve on existing solar powered cooling technmegby bypassing the use of
conventional lead batteries which have proven tabmeajor obstacle to the uptake of
solar technology in developing countries.

14
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DANETV

Appendix 4 In-house test methods

The type-test is based on existing standard WHO/BQERF05-VP.2 (20.05.2010), which is a
standard for testing solar powered refrigeratoi$ \@ater-pack freezers without battery storage.
The standard deal with performance, quality anetgafand includes tests for evidence of
conformity, power consumption, day/night test, #mellike.

As the above mentioned standard has been developeckrifying the performance vaccine
coolers some alterations to the temperature remeints, test packages, and packing plan have
been made. Changes to temperature are based eristiag European Standard EN ISO 15502
clause 6, changes to the test packages are madedrdance with clause 8.5, and changes to the
packing plan are made in accordance with claus& 13.

These alterations have been made to ensure tHeaton of proper food safety and hygiene,
and relevance to the intended use of the produuthnis refrigeration of perishable foods and
drinks. EN ISO 15502 is a standard test of charisties for household refrigerating cabinets.

Furthermore, to give a better idea of how the gehator will perform in an actual setting only
being powered by a PV array, the voltage and ctrsepplied from the PV array will be
measured at the maximum power point at differetdrs@diation levels according to a solar
radiation reference period. The measured voltagecarrent will then be the values used when
the refrigerator is supplied by an external powgppdy during different performance related
tests carried out in a climate chamber. Establgskive actual performance characteristics of the
PV array prior to the tests in the climate chamdresures that vendor claims are verified and that
tests between different models and makes are catbiear

The solar reference periods used during the testeoPV array and the refrigerator performance
tests is based on existing standard IEC 62124, hwikia standard PV system design verification.
The reference periods that can be used duringngeate as follows:

1 kWh/m?day reference period

5 hours at 200 w/Mm

19 hours at 0 w/fm

Table 2 Low solar radiation reference period

3.5 kWh/m?/day reference period

1 hour at 50 w/rh

2.5 hours at 250 w/m

0.5 hours at 350 w/m

4 hours at 450 w/m

0.5 hours at 350 w/m

2.5 hours at 250 w/m

1 hour at 50 w/rh

12 hours at 0 w/fm

Table 3 medium solar radiation reference period

15
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6 kWh/m?/day r eference period

1 hour at 100 w/m

3 hours at 500 w/fn

4 hours at 700 w/Mm

3 hours at 500 w/Mm

1 hour at 100 w/fm

12 hours at 0 w/Mm

Table 4 high solar radiation reference period

Type-testing procedure

The following tests are to be carried out by arepehdent ISO 17025 testing laboratory. One
sample of the appliance to be tested is requiretkhting.

The specific tests listed below apply equally toderate zone, temperate zone and hot zone
appliances. Relevant test chamber temperaturagvame in the following format; M: 2% for
moderate zone, T: 82 for temperate zone and H:°@3for hot zone. The humidity in the test
chamber during the tests should be between 45% R%.

All refrigerator temperature and power measuremargsione with readings and accuracy
according to ISO 15502.

Before starting the tests it is secured that alh$neing equipment complies with the accuracy
specified by ISO 15502. All sensors and metersaher calibrated or checked against
calibrated equipment.

Before the performance tests of the appliance pipeopriate thermostat setting should be found
in order to reach the target temperature. The taegeperature is the warmest permissible
storage temperature of each compartment, accotdimgble 5. The thermostat should thus be
set so that the target temperaturéhe warmestompartment is within a tolerance of -2 K/ + 0
K.

Compartment Fresh-food Chill Cellar

Temperature a|IaS ]_rﬁ, t2myt3m tmg tcc tcrr
Target temperature [°C]| Oty bmtam<8 | <4 | -2<tn<3 | 8<tn<14
Table 5 Storage temperatur e limits

During the various performance tests of the appkathe appliance is to be powered in
accordance with a current and voltage equal tatieeage values which are measured and
calculated during test 2 (PV array performance test

Furthermore, during test 2 (PV array performane® the module temperature shall be
monitored and recorded with either:

16



DANETV DANISH

TECHNOLOGICAL
INSTITUTE

1. A thermocouple securely fastened to the backdideeomodule or
2. An Ul-curve tracer reference cell with internahigerature measurement.

NOTE. It is prerequisite that if the PV array ushding testing is prone to initial degradation, it
must be subjected to light soaking according to Q15 / IEC 61646. (In example, amorphous
silicon photovoltaic cells show an initial reduatiof maximum power of up to 20 % within the
first 6 months)

Test 1: Type-examination
Type-examination is carried out as follows:

Step 1: Unpack the product. Using the manufactsinestallation instructions only, set up the
system components. Record any problems encountered.

Step 2: Check for similarities with previously estproducts to ensure a re-badged version of an
identical product is not tested. Also ensure tgéats$ the product for any defects, damage, or
problems which make it difficult or impossible &st the product.

Step 3: Tabulate the following information for thgpliance being examined.
Identification:

- Model

- Legal manufacturer or reseller

- Product type

- Country of origin

- Conformity assessment markings

- Temperature rating against which the appliance Isettested.

Interface requirements:

- The terminals where the PV array is to be conneicteéte refrigerator should be clearly
indicated and marked with polarity.

- No special tools should be required for assembdihthe different parts of the system.
(Preferably an adjustable spanner and a slottedvsiciver would be sufficient).

- All terminals and connections should be adequatiggtrically isolated.
Materials:

- The refrigerant should be a natural refrigerant.fiNorocarbon refrigerants are accepted
in SolarChill technology.

- The thermal insulation foaming agent should complth the limitations set by the
Montreal Protocol on the elimination of ozone-déiplg materials. No fluorocarbon
gasses are allowed.

17
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- The refrigerator, PV array or any other componéougd not contain lead (except in PV
cell solderings), mercury, cadmium, hexavalent stiumn, polybrominated biphenyls
(PBB) or polybrominated biphenyl ethers (PBDE)

Instructions for users:
- User and maintenance instructions should covefoll@ving topics:

* Installation procedures

» Basic guidelines for food storage, shelf life, &ydiene.
» Simple daily, weekly, and monthly maintenance tasks
» Periodic preventative maintenance checks

» Diagnostic and repair procedures

* Itemized list of spare parts including part numbers

» End-of-life resource recovery and recycling procedu

The instructions are to be written for users anmhiretechnicians in English as well as the native
language where the product is to be sold. Preferdi# manual should be elaborated with

pictograms and/or pictures enabling a vast majaritintended users to comprehend the above
listed topics.

Acceptance criteria:

Inspection indicates full conformity with all majepecification requirements as outlined in step
3 of this test. Setup must be straightforward aaditle-free.

Test 2: PV array performance test
The PV array performance test for the differenémefice periods are carried out as follows:

1 kWh/m?/day reference period

Step 1: Set up and prepare the PV array makingtsateo shadows are affecting any part of
the PV array. Also prepare the Ul-curve tracer. Gélétemperature shall also be recorded with
a thermocouple mounted securely on the backsitleeafell, or with a reference cell (with build-
in temperature sensor) placed co-planar to tharide +/- 5°.

Step 2: Measure the voltagepd,y) and current @may) at the maximum power point at a solar
radiation level above and below the different I¢€skelisted in Table 2. Also record the
approximate average cell temperature during eaasuned level.

Note!

This measurement is not to be made at radiatioel l@w/nf. The actual solar radiation level
where each measurement is made may differ up to--60 w/nf for each reference level being
measured. For example, ifbkaxand bmaxis to be measured at a reference radiation lev&Qh

18
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w/nf, the actual measurements can be made at the aisetvelow Ec [450 w/nf; 500 w/nd],
and above E [500 w/nf; 550 w/nd]

Step 3: Repeat step 2 once for each radiation listet! in Table 2.

Step 4: Record all measured values in the Exeelalich has been prepared in advance, and
calculate the averages as outlined in appendir-bB¢lse data processing)

3.5 kWh/m?/day reference period

Step 1: Set up and prepare the PV array makingtsateno shadows are affecting any part of
the PV array. Also prepare the Ul-curve tracer mglgure that the reference irradiance cell used
is placed co-planer to the PV array within +/- btte tilt angle.

Step 2: Measure the voltagepd,y) and current @may) at the maximum power point at a solar
radiation level above and below the different I€s)kelisted in Table 3. Also record the
approximate cell temperature during each measene. |

Note!

This measurement is not to be made at radiatioel l@w/nf. The actual solar radiation level
where each measurement is made may differ up to--60 w/nf for each reference level being
measured. For example, ifbkaxand bmaxis to be measured at a reference radiation lev&Qh
w/nf, the actual measurements can be made at the aisetvelow Ec [450 w/nf; 500 w/nd],
and above E [500 w/nf; 550 w/nd]

Step 3: Repeat step 2 once for each radiation lstet! in Table 3.

Step 4: Record all measured values in the Exeelalich has been prepared in advance, and
calculate the averages as outlined in appendir-bB¢lise data processing)

6kWh/m?%day reference period

Step 1: Set up and prepare the PV array makingtsateno shadows are affecting any part of
the PV array. Also prepare the Ul-curve tracer mglgure that the reference irradiance cell used
is placed co-planer to the PV array within +/- btte tilt angle.

Step 2: Measure the voltagepd,y) and current @may) at the maximum power point at a solar
radiation level above and below the different I€s)kelisted in Table 4. Also record the
approximate cell temperature during each measene. |

Note!
This measurement is not to be made at a solar tiidevel of 0 w/rh The actual solar
radiation level where each measurement is madediffgy up to + or - 50 w/rhfor each
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reference level being measured. For examplepifkand bnaxis to be measured at a reference
radiation level of 500 w/fnthe actual measurements can be made at the alsetvelow Ec
[450 w/nf; 500 w/nf], and above E [500 w/nf; 550 w/ni]

Step 3: Repeat step 2 once for each radiation lestetl in Table 4.

Step 4: Record all measured values for irradiagioth corresponding voltagesgkd,y) and
currents (pmay at the different maximum power points in the &xde which has been prepared
in advance, and calculate the averages as ouilingopendix 5 (In-house data processing)

Acceptance criteria:

No acceptance criteria have been set. STC valaastiie manufacturer data sheet should match
the STC values measured during testing. If thekeegado not match it should be reported in the
test summary of the test report.

Test 3: Stablerunning test
Stable running and power consumption test is chwig as follows:

Step 1: Set the test chamber temperature to theam temperature; M: +26, T: +32C or H:
+ 43°C.

Step 2: Pack the appliance with test packages apddWages. Load the appliance in such a way
that all designated compartments (fresh-food, cetbapartment, or chill compartment) contain
a loading equal to the principles outlined in 1ISE502 clause 13.3'4s seen in Table 6. The test
packages should be evenly distributed on the lgadinfaces in each compartment and the M-
packages should be placed according to the prexiplitlined in ISO 15502 clause 13.3.2.7 and
figure 17. The test packages and M-packages usmddsbhe prepared in accordance with ISO
15502 clause 8.5.

Storage volume, V, of chill / fresh-food|/ No. of packages (500 g
cellar compartment [I]

V<10
10V <20
20V <30
30<V <40

g hwWIN

Table 6 chill / fresh-food / cellar compartment storage load

! Where necessary replace the word “chill” with &inefood” or “cellar”.  If any designated compartmhéas a
storage volume larger than 80 | there should begplane additional 500 g test package for eachiaddi 10 | of
storage volume.
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Step 3: Turn on the appliance, adjust the thermest¢hat the target temperatimehe warmest
compartment is within a tolerance of -2 K/ + 0 ¢carding to Table 5, and close the lid or door
of the appliance and leave it to stabilize andheastate where the compressor is cycling due to
thermostat regulation.

Step 4: After temperature stabilization has ocalrezord the temperatures every minute for 24
hours. During this period also measure the poweswmption and determine the compressor
duty cycle. The compressor duty cycle should besoea from the ends of two cycles
approximately 24 hours apart. Calculate and refperpercentage “on” time over this period,
report the power consumption in kWh/day and reffwtsolar power profile used during the test.

Acceptance criteria:

Temperatures measured in all of the M-packages atetwithin the ranges specified in ISO
15502 clause 6.

Test 4: Holdover time
The holdover time test is carried out as follows:

Step 1: Set the test chamber temperature to tbea temperature; M: +26, T: +32C or H:
+ 43°C.

Step 2: Make sure that all M-packages and testggmskin the appliance are placed as outlined
in step 3 of test 2 (stable running and power comion)

Step 3: Turn the appliance on and close the lidioor of the appliance and leave it to stabilize
and reach a state where the compressor is cyaliagalthermostat regulation. (Adjustment to
the thermostat should not be necessary)

Step 4: After temperature stabilization has ocalswitch off the power supply at the end of the
last compressor ON cycle immediately before ther@aperiod of the cycle. If the compressor
already cycled off at this point record the elapse@ since the end of the previous compressor-
on cycle (t).

Step 5: Monitor the temperature of the M-packagéshe moment when the upper temperature
limit? of any M-package in any compartment has been deckley 4 K, record the elapsed time
since switch off and add this to the value (t) rded in step 4. Record the position of the first
M-package exceeding the temperature limit by 4 K.

Acceptance criteria:

A minimum holdover time (t) of 18 hours.

2 See ISO 15503 clause 6
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Test 5: Half reload test
The half reload test is carried out as follows:

Step 1: Set the test chamber temperature to theamt temperature; M: +26, T: +32C or H:
+ 43C.

Step 2: Unload M-packages and test packages comdspy to a resulting loading which is
equal to 50% of the loading outlined in step 3ast2 (stable running and power consumption).
Place the unloaded M-packages and test packagdw itest chamber to acclimatize to test
chamber temperature.

Step 3: Turn the appliance on and close the lidoor of the appliance and leave it to stabilize
and reach a state where the compressor is cyaliagalthermostat regulation.

Step 4: At the end of the last compressor ON ciystaediately before the 0 wiperiod of the
cycle reload the acclimatized M-packages and &skgges and monitor the temperature for the
next 12 hours.

Acceptance criteria:

A temperature of all M-packages belowCOwithin 12 hours.
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Appendix 5 In-house data processing

Data processing
PV array performance test

Ul-curve tracer files

Data from the Ul-curve tracer are in the .SUI fdemat. Measurements made for each radiation
level in a given solar reference period are meaisangl automatically stored and named in the
internal memory of the Ul-curve tracer, after timeet the measurement has taken place, in the
following format: [<DD>-<MM>-<YYYY> <hh>_<mm>_<ss>]

Each file is uploaded and opened via the prograreN@Misp. When uploading data from the
Ul-curve tracer each filename should be renamehleadollowing format for future reference:
[<radiation level><X><series number>] where X dessofa’ for above and ‘b’ for below the
target radiance leveln example, a file containing data from the firgtasurement series below
a target reference level of 100W should be nam&@0b1”

Using the “File” button located in the upper lefireer of the PVPM.disp program (Figur 1)

check all the .SUI files containing data and clic& “Print report” button (Figur 2). Sort the
reports in ascending order and prepare for manpaitiin the Excel spread sheet.
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PVPM.disp
File Edit Extras Help
CII By
Save Ciipbrd Export PVPM data
Values at STC
Mark MPP
ok Peak power Ppk:
Power curve 9,84 Los o.ow
Isc0: 0.00A
Eff. curve Voc0: 0.0V
STC curve EX 8.8 IDMExC20.904
Vpmax0: 0.0V
Meas. points
Act. values
D zoom max 7.8 7.8 IsC: 0.00A
Voc: 0.0V
Legend
Pmax: 0.0 W
6,8+ 16,8 Ipmax: 0.00A
Vpmax: 0.0V
EESSS
< 3
d L Eeff. 0 Wim2
£58 S8 g Tref: 0.0°C
E H Tmod: 0.0 °C
= o
Gl & Rs: 0.0 Ohm
481 4.8 Rp: >0 kOhm
3,8 38
2,8 2,8
1,8 F1.8
08 y T y y T T T T —+038
-02 038 18 28 38 48 58 68 78 88
Voltage in V
Description File-Info:
4 | Meas. device:
Sensor:
Meas. date:
- File: —
[ Not connected

Figur 1 The PVPM .disp main program with " file" botton located in upper left corner
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& Measurement files [ = | )] '
Directory: | Y:\Organization\EMJA\ETV-SolarChil-B\lMaledata =
Sel |:AFile Date VocV Isc/A  |Pmaw TModC |TSens/C|Eeffvim2 4
100a1.5U1 20.01.2011 15:17:22 (3
100a2.SUI 20.01.2011 15:17:54 1767 13 12,1 13,4 13,4 108
IMJ 200a-250b1.SUI 20.01.2011 14:56:14 1932 29 33,1 16,5 16,5 225
200a-250b2.SUI 20.01.2011 14:56:40 1932 29 328 16,2 16,2 224
200b1.SUI 20.01.2011 15:28:36 1991 26 30,4 76 76190
Dpe 200b2.5UI 20.01.2011 15:29:00 1984 25 29,4 75 75182
250a1.SUI 20.01.2011 14:39:30 1924 32 36,4 19,4 19,4 256
| Seicte | 250a2.5UI 20.01.2011 14:39:54 1926 32 36,3 19,1 19,1256
' - 350a1.SUl 20.01.2011 14:53:32 2014 47 59,3 172 17,2 361
= Export 1 350a2.5UI 20.01.2011 14:54:00 2013 47 59,1 171 17,1359
350b1.SUI 20.01.2011 14:59:08 2009 45 55,9 15,8 15,8 339
‘ & Print report ‘ 350b2.5UI 20.01.2011 14:59:34 2008 45 558 156 156338
450a-500b1.SUI 20.01.2011 15:14:24 2061 66 849 157 157 488
- 450a-500b2.5UI 20.01.2011 15:14:46 2058 65 846 157 157 485
! Jclose 1 450b1.SUI 20.01.2011 14:36:28 19,93 52 64,9 215 21,5/407
450b2.5U1 20.01.2011 14:36:52 1995 52 65,0 20,9 20,9 407
500a1.5UI 20.01.2011 15:04:18 2063 73 94,3 175 17,5 546
500a2.SUI 20.01.2011 15:04:50 2062 72 936 177 17,7 543
B 50a-100b1.SUI 20.01.2011 15:22:02 17,02 1,0 8,0 106 10,6 68 -
< | »
26 Dateien, 26 markiert Y

Figur 2 PVPM .disp sub program with bottonsfor selecting filesand printing reports (left side of figure)

Excel file

All data related to the PV array performance tegtrocessed via a basic Excel spread sheet
prepared in advance. Copies of the Excel spreatianeereated for each appliance that is
tested. The Excel spread sheet of a given appliant@med “ETV SolarChill B —make and
modeb” (where “make and model” respectively is the nfacturer and the model number or
name)

Thermal characteristics, related to the PV celgdun the calculation of simulation values are
obtained from a manufacturer data sheet and irtsarteell H10 — H12. If no thermal
characteristics are available or obtainable thieviohg standard values are used: NOCT = 50
°C, Uoc =-0.4 %/K, anddc = 0.05 %/K.

1 kWh/m?day reference period
Data from each Ul-curve tracer report is filledoithe corresponding green input cells B10 -
B13 & C10 - C13 (measurement series 1) and B181-8Z18 - C21 (measurement series 2)

Data for use in solar simulation, test 3-5, areegated in blue output cells C25 - C26
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3.5 kWh/m?%day reference period

Data from each Ul-curve tracer report is filledbitihe corresponding green input cells B32 -
B35& C32-C35 & ... & 132 - 135 (measurement sed¢and B40 — B43 & C40-C43 & ...
& 140 — 143 (measurement series 2)

Data for use in solar simulation, test 3-5, areegated in blue output cells C47 — C48 & E47 —
E48 & G47 — G48 & 147 — 148

6 kWh/m?/day reference period

Data from each Ul-curve tracer report is fillecbithe corresponding green input cells B54 —
B57 & C54 — C57 & ... & G54 — G57 (measurement setjeand B62 — B65 & C62 — C65 & ...
& G62 — G65 (measurement series 2)

Data for use in solar simulation, test 3-5, areegated in blue output cells C69 — C70 & E69 —
E70 & G69 — G70

KFS report generator files

All temperatures, times, and energy usage dat#eceto the performance of the appliance are
collected by the means of in-house software “KRiregenerator” and stored as .txt files on a
local laboratory hard drive.

Files are opened using the “KFS report generatafjiam and temperature and energy curves
can either be viewed in the programme or printediagrams containing a time axis.

The data processing procedure is visualized inrEiguat the end of this appendix.
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PV array performance test

PV array SuUlfile
Ul-curve tracer

Calculation of solar simulation parameters

Print

Excal calgulation file MPP report PVPM.disp

(Ul-curve tracer
program)

Manual input

Appliance performance test (Solar simulation)

Programmable
power supply

DAQ equibment
SolarChill B refrigerator
Final assesment and test report

SN

Inhouse KFS data-
logging

Figure 1 diagram visualizing the data flow and test workflow in general
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Appendix 6 Datareporting forms

All data are reported in the prepared Excel spteeets and EES Calculation files, as described
above. Results are collected and commented iretitedport.
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