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COVER NOTE 

1. Procedural background 

1. The CDM Executive Board at its 85th meeting (EB 85) considered a concept note 
on the development of standards with a methodological framework for two specific 
project types to facilitate the development of standardized baselines and approved 
the identified sectors, i.e. energy-efficient appliances for residential/household 
application (e.g. air conditioners, refrigerators) and energy efficiency in buildings. 

2. The methdology panel at its seventy-second meeting (MP72) and the small-scale working 
group at its fifity-third meeting(SSC WG 53) jointy recommended a Draft methodological 
tool “Tool to determine standardized baseline for energy efficient refrigerators and air 
conditioners”, as contined in Annex 1 of the MP72 meeting report. 

2. Purpose 

3. This document provided road-testing of the approaches contained in the draft tool 
mentioned above, using sector specific data1. 

3. Key issues and proposed solutions 

4. The draft tool provides framework with options to calculate efficiency metrics such 
as annual electricity consumption, in identified regions, using various data sources, 
including energy efficiency labels. The variety of options provided aims to facilitate 
the development of standardized baselines in all eligible countries. The afore-
mentioned necessitates considering up to three different sources of data to ensure 
that the data used is of an acceptable quality. In the event that reliable data is 
available, even a single source suffices. 

5. Usually, the brand, type, model number, Energy Efficiency Ratio (EER), capacity 
(power rating), annual electricity consumption, validity of test result and efficiency 
class (1-5 stars) are included. In a mandatory S&L database, all manufacturers 
and importers are required to report information for all models produced or sold. 
Typically, a national energy administration maintains the S&L database and 
verifies the data. Some countries have voluntary S&L databases, containing only 
information from companies willing to report. In some countries, manufacturers and 
importers are also required to provide annual sales data so that efficiency data of 
models can be sales-weighted. 

                                                

1 The Methodologies Panel thanks the Energy Commission of Ghana for the support extended in carrying 
out the road testing (Para 13, MP 71 report) 
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6. The second data source is the commercial marketing data, which is available in 
most countries from commercial data companies. Marketing data companies use 
elaborate survey methods, screening all retailers, typically every week or month, 
collecting model sales numbers, efficiency data and pricing information. This 
marketing data is usually comprehensive in sales and price coverage, however, 
the cost of such marketing data can be very high. Figure 2. contains an example 
for three of 1,037 refrigerator models available in a country, sold in 2010: 

7. The third data source represents industry data, where data from companies selling 
appliances is directly sourced, including from importers, wholesalers, distributors 
and retailers. A SB developer may approach all such companies and request data 
on their sales for previous year or months; In smaller countries with only a few 
appliance importers and sellers, this may be the pragmatic and feasible option. It 
requires assuring that commercially sensitive, proprietary information is not 
revealed. In larger countries, such data may be collected through sampling 
approaches, applying CDM sampling guidelines. 

8. This document contains examples of road testing of approaches including the 
application of data for New Sales Standardised Baselines (SB) and Replacement 
SB in accordance with the draft Tool to determine standardized baseline for energy 
efficient appliances - refrigerators and air-conditioners. 

4. Impacts 

9. This road-testing examples would help to better understand the approaches 
proposed under the draft tool. 

5. Recommendations to the Board 

10. The Board may wish to consider this document in conjunction with “Draft 
methodological tool “Tool to determine standardized baseline for energy efficient 
refrigerators and air conditioners” and “Information note “Determination of 
standardized baselines for energy efficient refrigerators and air conditioners”, as 
contained in Annex 1 and 2 of the MP73 meeting report respectively. 
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1. Introduction 

1. This document contains examples of road testing of approaches for New sales 
Standardised Baselines (SB) and Replacement SB in accordance with the Tool to 
determine standardized baseline for energy efficient appliances - refrigerators and air-
conditioners.2 Use of standards and labelling (S&L) data as in example 1 and use of 
commercial marketing data as in example 2 are included. 

2. Example 1: New sales SB and Replacement SB for 
refrigerators using S & L data. 

2. The road testing covers new sales standardised baseline (SB) and replacement SB for 
refrigerators in country A. 

3. Country A has enforced an efficiency labelling system, a replacement rebate scheme, a 
refrigerator recycling programme and a ban on imports of used refrigerators. There is no 
national refrigerator production in country A, half of 3.7 million households use electric 
appliances, all refrigerators are sold with efficiency label. There are networks of 
refrigerator and air-conditioner sale and repair shops with more than 5000 members. 
Comprehensive policies and full implementation of the regulations in country A has 
allowed a reliable inventory of imports, models on sale and of recycled units. 

4. The data is based on survey carried out by the agency in the country responsible for 
standards and labelling (S&L). The agency has collected the data from shops across all 
regions of the country, primarily to ensure that correct labels are used everywhere. As 
appliance retailing is concentrated in a few shops in each city or town, the survey visits to 
these shops ensure adequate coverage of refrigerators models on sale. In 2015, data from 
1,000 refrigerators models with Iso-butane refrigerant and 1,440 models with HFC-134a 
refrigerant were recorded during the survey. In total there are 2,440 models from 63 
brands. There is one recycling centre in the capital of the country and all refrigerators are 
recorded with source, brand, volume, refrigerant type and volume recovered for each one. 
It treated 5,000 refrigerators in 2015, from 270 different brands. Half of those treated in 
2015 contained HFC-134a, one quarter CFC-12 and one quarter Iso-butane as 
refrigerants. 

5. Verifying data on a random sample of models among 2440 models, shows that the number 
of errors is negligible. Sometimes there are differences arising from confusions of 
category, for example the specifications give a gross volume of 217 litres, while the new 
sales inventory for this model shows 201 litres, which corresponds to the net volume. 
There are very few errors in the model codes given. For example, the Haier HRF-250NVS 
in the inventory does not exist on the Haier website, so it is a likely error in the model code 
entry. Therefore, the kind of errors identified in the 2440 models data is random and from 
a QA/QC perspective irrelevant. 

2.1. Choice of Parameters for Standardization of New-sales baseline 

6. The good coverage of all parameters of the models on the market allows to use both the 
efficiency indicators reflected in the standard i.e. annual specific electricity consumption 

                                                
2   
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(SEC) in kWh/l/yr and/or the Energy Efficiency Index (EEI). Out of 2,440 models only 18 
do not have all volume information and only 13 do not have the annual electricity 
consumption information. Sorting SEC and EEI values from highest to lowest, the following 
figures (figure 1 and 2) show their spread. The curves in the charts are similar with the 
exception of a more concave decline for the 800 most efficient models (to the left) in the 
EEI curve. This is due to the country’s efficiency metric and regulation where only for 4 
and 5 star models the correction factors FF (frost-free), CC (climate-class), BI (Built-in) 
and CH are included as in the EU metric, whereas for 1, 2 and 3 star models these 
correction factors are excluded. Among the 800 most efficient models, only few are models 
that do not require the correction factors and among those 800 where the correction 
factors do not apply, the freezer compartment is larger and therefore the Thermodynamic 
Factor increase the Standard Annual Electricity Consumption (SAE) and thereby lowers 
the EEI (creating to concave curve). This causes the EEI curve to bend downward 
compared to the SEC curve. 

Figure 1. Lowest to Highest EEI covering 2440 Models in Sale 
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Figure 2. Specific Electricity Consumption (SEC) covering 2440 models in sale 

 

7. The high coverage of models in the sales inventory and the completeness and accuracy 
of the parameters reported lead to the result that approach 2 and approach 3 contained in 
the draft standard for the New Sales Baseline are equivalent. Thus, both the specific 
electricity consumption and EEI can be standardised in the SB and depending on the 
project scenario the user opts either to use the SEC or EEI depending on the methodology 
applied. 

8. Having considered the accuracy of EEI and SEC, it is further assessed whether EEI or 
SEC have different distribution among the models in sale in the country. The following 
table shows the number of models in seven similar ranges for SEC and EEI3. 

Table 1. Distribution of SEC and EEI values across all 2440 models in sale 

SEC (kWh/l/yr) <0.8 0.8 -1.4 1.4 -1.7 1.7 -2.0 2.0 -2.3 2.3 -2.6 2.6 - 3 

Distribution of 
models 

94 1106 451 350 193 105 63 

        

EEI (dimension-
less) 

<0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-1.1 

Distribution of 
models 

410 490 290 294 401 229 291 

                                                
3 As noted in paragraph 6 a small number of data points are without the volume and annual electricity 

consumption information, therefore total number of models considered are slightly less than 2440. 
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9. The table above shows the EEI values are more evenly distributed than the SEC values. 
The cause of this difference between EEI and SEC is that the calculation of the Volume-
equivalent (Veq in equation 6 of the draft standard). The country efficiency metric (based 
on EU metric) applies the Thermodynamic Factor (TF), the Climate-class and Frost-free 
factors to different compartments of the refrigerators, while the SEC values are calculated 
only by dividing overall volume and annual electricity consumption. The more even 
distribution of the EEI values reflects that the very purpose of the metric as it is designed 
to do - improve the comparability of the energy efficiency of different refrigerator 
configurations. 

10. The choices of shop owners to keep a wide variety of models on offer to clients are also 
key aspects to consider. Customers might be attracted to a shop offering more choice and 
thus owners tend to offer variety. The variety of models on offer concerns the efficiency 
levels, the size and refrigerator configurations. 

11. While there are as many models with EEI 0.2 - 0.3 and with EEI 0.6 – 0.7 on offer (~400), 
the distribution of star labels is poorer for more efficient models (see Table 2 below). For 
example, the number of 4 stars models is more than half as compared to 2 or 3 stars 
models and there are only 21 models with 5 stars. 

Table 2. Distribution of star ratings according to country’s efficiency label covering 
2440 models 

 Number of models Average SEC Average 
EEIx100 

Average volume of 
models 

1 Star 575 1.846 67.6 269.9 

2 Star 713 1.612 57.8 236.9 

3 Star 768 1.394 42.6 225.8 

4 Star 310 1.160 34.7 262.2 

5 Star 21 1.054 32.3 292.4 

12. The difference between average SEC of 1 star to average SEC of 2 star models is 0.234 
kWh/l/yr and this is the same as the difference between average SEC 3 star to average 
SEC of 4 star models. So the SEC parameter directly vary as the star labelling. Whereas 
average EEI values are less correlated; average EEI (x100) of 1 star is 9.8 points higher 
than average EEI of 2 star models, while average EEI of 2 star models is 15.2 points higher 
than 3 star models. One possible explanation for the less number of 5 star models at shops 
is that shop managers are assuming that the customers do not consider 5 star prices 
realistic and therefore it is not relevant to add them to their stock. While the good 
distribution of EEI values among the 2440 models shows that shops still offer the range of 
prices that reflect also the range of efficiencies. It may be only the public perception of 5 
star models that is creating the bias and probably not the actual prices. 

13. When EEI is a better indicator for customer choice in shops, or rather influence on 
purchase decisions, then for the developer of a refrigerator SB, the EEI parameter offers 
an additional means to influence customer choices when setting the baseline. 

14. It is further assessed whether a baseline needs to be differentiated in terms of volumes. 
This is because the broader range of volumes on offer at shops compared to volumes in 
use is visible when the volume classes are compared for efficiency averages. 

15. The study of 1000 Sample household survey shows the average volume of the sample 
refrigerators was 203 litres while the average volume of all refrigerators on offer is 245 
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litres. While the average volume of the old refrigerators arriving in the recycling plant in 
the capital city was 164 litres among 4,868 refrigerators recycled in 2015 and average 170 
litres for 3,313 refrigerators recycled in 2014. This indicates the gradual increase of 
refrigerator volumes. The average of the end-of-life refrigerators was 167 litres, the 
average of those in use is 203 and the average of new sales is 245 litres. Overall this is 
an indication that there was no bias in the samples and also no bias for the volumes 
offered. 

16. The reduction in specific electricity consumption with increasing volumes is accurately 
reflecting the changing area / volume ratios. At 50 L refrigerator volume, the area / volume 
ratio is 1.6 and at 200 L it is 0.9. The area / volume curve is logarithmic as y=4x-0.25 (as 
reported for the CECED model database)4. Since thermal losses increase with the surface 
area, higher volume models are necessarily more efficient as measured in kWh//ltr. The 
table and the figure below shows the distribution of models by volumes classes and 
efficiency averages. 

Table 3. Average Annual Electricity Consumption, SEC and EEI per Volume Class for all 2440 
Refrigerators available in the country A in 2015 

Volume <100 
100-
150 

150-
200 

200-
250 

250-
300 

300-
350 

350-
400 

400-
450 

450-
500 

500-
550 

550-
600 

>600 

No. 
models 

265 313 415 459 272 232 133 101 44 125 21 40 

EC 
kWh/yr 

163 244 320 305 350 369 420 470 488 565 530 734 

SEC 
kWh/l/yr 

2.14 1.96 1.804 1.402 1.30 1.176 1.124 1.125 1.034 1.096 0.918 1.096 

EEI 32.8 48.3 57.7 49.9 54.8 54.3 55.0 59.8 58.5 61.9 55.2 72.6 

                                                
4 Here, y = ratio of area / volume (dm2/ltr) and x = volume (litre). 
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Figure 3. Distribution of SEC and EEI over the volume classes in country A (derived from the table 
above, SEC values x10 so that the curves in the figure are closer) 

 

17. The figure above shows the in the case of SEC, a specific threshold for each volume class 
is required since there is a steady decline in SEC from one volume class to the next. SEC 
thresholds for six volume classes (<100, 100-200, 200-300, 300-400, 400-500, >500 litres) 
would be necessary. In the case of EEI, steady decline or incline was not observed; the 
variation (slight increase and decrease) among ten volume classes reflects different fresh 
food / freezer compartment sizes and hence EEI can be deemed flat between 100 and 
600 litres and therefore one threshold can be used for this volume range. 

18. It is also to be noted that there is no difference in average energy efficiency between 
models with refrigerants such as HFC-134a and with Iso-butane, typical refrigerants used 
in refrigerators. 

19. The distribution of EEI and SEC values across the 2440 models in sale and the averages 
per volume class and per star label is coherent and reflect the accuracy of the inventory. 
One EEI threshold and six SEC thresholds differentiated per volume class would be 
appropriate to consider. 

2.2. Baseline Level and Additionality Threshold for New-Sales Baseline 

20. The models coverage is comprehensive because the concern of the inventory was to 
monitor and control the application of the S&L scheme. The table below presents a range 
of baseline levels and additionality thresholds and its implications. Many sector 
characteristics can inform the final choice besides the requirements of the draft tool. 
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Table 4. Possible baseline level and additionality threshold for New Sales Baseline 

Threshold of models 
in sale in shops 

number of models in 
sale below threshold 

EEI SEC 
SEC thresholds for six 
volume classes 

90th percentile 244 28.11 0.75 
1.28 1.11 0.81 

0.69 0.66 0.63 

80th percentile 488 30.57 1.00 
1.70 1.48 1.08 

0.92 0.88 0.84 

Top 40% 960 42 1.5 
2.55 2.22 1.62 

1.38 1.32 1.26 

21. By definition of the 90th percentile, one tenth of the total number of models are below the 
threshold. It results in a very rigorous baseline i.e. equivalent to mid-point of EU class A++. 
The next important step to is to assemble sales data to see if 80th percentile could be 
chosen (not possible for this road-testing as sales data was not available). The country A 
refrigerator regulation has set the star rating as shown in the table below (Table 5). A 
distinction between Climatic Class ST and T for the efficiency classes is a particular 
adaptation of the EU metric to the country context. Not all 4-star models are below the 80th 
percentile. Top 40% is not included in the draft tool; however, it is included for illustration 
purpose. Top 40% threshold would also result in a fairly rigorous approach to the baseline 
i.e. it corresponds to models that are currently “A+” in the EU labelling system. 

Table 5. Refrigerator Regulation in the country A 

 Energy efficiency index (I) 

Climatic Class ST Climatic Class T 

5 – star I < 30 I < 42 

4 – star 30 < I < 42 42 < I < 55 

3 - star 42 < I 55 < I 

Note: ST refers to testing in ambient average temperature 16 to 32°C and T to 16 to 43°C 

Table 6. Unweighted arithmetic average baseline parameters among all 2440 models 

SEC 1.5325 kWh / year / litre 

EEI 52.01 

EC 333.5 kWh / year 

22. In summary, given the high quality data source, the complete coverage of all refrigerator 
models across the country and the even distribution of EEI values across the refrigerator 
volume range, the baseline level threshold of EEI 28.11 is chosen, as 90th percentile value. 
Evidently this baseline choice can be improved with sales data.. 

2.3. Choice of Parameters for Standardization in the case of Replacement 
Baseline 

23. A study was carried out involving measurement of 1000 refrigerator sample and they were 
measured in-situ in a differentiated sample, 250 HH low-income, 150 HH middle-income, 
100 high-income HH all in urban areas, plus 310 HH in peri-urban and 190 in rural areas. 
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The average was 1,164 kWh/yr. The survey enumerators were engineering undergraduate 
students. The survey was implemented by a national/international institute. 

24. There was no influence from income levels as all 5 groups were between 1.137 and 1,232 
kWh/yr. Likewise, there were no regional differences, averages for the six regions were 
1,140 to 1,266 kWh/yr. The average volume of the 1000 sample was 203 liters. SEC was 
5.734 kWh/ltr. 

25. The following Figure shows the distribution of the 1000 measurements quite spread out 
with R2 only 0.14, so with little correlation to refrigerator volume. This is a typical result, 
other sample measurements of refrigerators in households in other countries are reported 
to be similar. The variation is first of all determined by the unequal quality of maintenance. 

Figure 4. Annual electricity consumption data from 1,000 household sample 

 

2.4. Summary of possible standardized baselines for the country 

Table 7. Summary of possible Standardized Baselines for the country 

Refrigerator 
New Sales Baseline 

90th percentile EEI: 28.11 

Refrigerator 
Replacement Baseline 5.734 kWh per litre of refrigerator volume 
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3. Example 2: Parameter Standardization for New-Sales 
Refrigerator 

26. Marketing data from a well-known commercial data supplier for the country M documents 
that 1,037 different refrigerator models were sold in 2015, in total 1,315,410 units. The 
marketing data comprises annual electricity consumption, total volume, efficiency class 
and sales. It is not possible to calculate the Energy Efficiency Index (EEI) of the models. 

Figure 5. Extract of Refrigerator Marketing Data for Country M 

 

27. Only 66 different models were found to be sold in >5,000 units, the majority of models, 
727, were sold in <600 models per year. 400 models sold less than 100 units. 

28. The total distribution is shown in the following Figure, ranked (left to right) from highest 
sold model to lowest sold model. The y-axis is number of sales, highest sold model had 
34,725 units and 2.6% of all sales, and the x-axis are the 1,037 models. 
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Figure 6. Refrigerator Sales in Country M 

 

29. The popularity of a refrigerator model was not related to efficiency. The following Figure 12 
shows all refrigerators in the same order on the x-axis from highest to lowest sales as in 
Figure 11 (1,037 models), with specific annual electricity consumption on the y-axis in 
kWh/ltr/yr. The popular models selling >10,000 units per year (those to the left of the x-
axis) have similar energy efficiency than the least sold ones (those to the right). The only 
trend clearly visible is towards the right, the spread is higher, very efficient ones and very 
inefficient ones sell poorly. 

Figure 7. Distribution of efficiency over the sales 
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Figure 8. specific electricity consumption vs sales numbers 

30. There is no correlation between brands and efficiency class, all manufacturers produce all 
levels of efficiency. There is also no correlation between refrigerator volume and efficiency, 
all efficiency grades are produced over the volume range from very small to very large 
refrigerators. 

31. This wide spread of specific efficiencies does not appear in the number of models per 
refrigerator efficiency class, these are in the EU efficiency metric (mandatory in country 
M): 

Table 8. Distribution of Available Models across Efficiency Classes 

Class Number of models Total sales per efficiency class 

A++ 9 187 

A+ 174 130,436 

A 641 858,251 

B 195 241,451 

C 18 7,120 

D 3 7 

Table 9. Distribution of Available Models across Volume Classes 

volume 

class 

100-

150 

150-

200 

200-

250 

250-

300 

300-

350 

350-

400 

400-

450 

450-

500 

500-

550 

550-

600 
>600 

MN 26 3 12 47 78 125 267 125 38 38 300 

ECavr 211 322 325 312 360 423 474 492 545 477 546 

SECavr 0.463 0.505 0.396 0.310 0.303 0.309 0.306 0.284 0.219 0.260 0.214 

ECavr,SW, 

(sales 

weighted) 

235 726 368 373 417 460 495 506 592 461 500 

sales 55,830 1,714 4,761 17,856 34,011 
199,15

7 

513,53

2 

148,73

3 
75,648 44,115 1,329 

32. Among 1,037 models, 114 models have no efficiency information, and the sales in that 
category is 144,220. Unknown models are 11 % of models and 10.9% of sales. This is a 
high coverage of the whole market. The marketing data does not include volumes for 
refrigerator compartments and EEI cannot be calculated. 

33. Among models without efficiency information, 58 are label A, 18 are label A+, and 15 have 
label B. The shares of brands among the models without efficiency information is the same 
as among models with energy information. Therefore, the missing information is most 
likely not due to manufacturers’ not reporting information but due to gaps in marketing 
survey coverage. 

34. The averages in Table 9 10 indicate that the data is internally consistent esp. because the 
difference between ECavr and ECavr,SW (sales weighted) is realistic, lower differences in 
classes with high sales, and ECavr,sw lower than ECavr only for the 550-600 and >600 l 
classes. 
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35. The average specific electricity consumption across all models is 1.105 kWh/ltr/yr and the 
sales weighted average is 1.191 kWh/ltr/yr. The difference reflects that less efficient and 
lower priced models sold in higher numbers. 

Figure 9. Ranking of Refrigerators based on SEC (model vs sales) 

 

36. Ranking the sold units in terms of specific annual electricity consumption (SEC), the 80th 
percentile is determined as per the proposed draft tool. The total number of sales in 2015 
was 1,038,973 refrigerators, of which 80th percentile corresponds to 867,743th refrigerator 
and this model has a SEC of 1.006 kWh/ltr/yr ( the green vertical line). 

37. In light of the broad range of models, availability of sales data using the draft “Tool to 
determine standardized baseline for energy efficient refrigerators and air conditioners”, 
Approach 2 for a new sales SB based on specific annual electricity consumption is chosen 
i.e. a SB value of 1.006 kWh/ltr/yr  

- - - - - 
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