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Phnom Penh Municipality (PPM) is the capital city of the Royal Kingdom of Cambodia 
with a total land area of 376.95 Km2. It is equal to 0.20% of the total land area of the 
country. Administratively, PPM is divided into 7 districts (up to 2008) but now one more 
district has been determined, 76 communes, 689 villages and 4,320 groups. The 
population of the city is approximately 1,080,519 consisting of 188,769 households out 
of which 43% live in urban area and 57% in rural area. Population growth in the city is 
3.92%. 
Double-digit economic growth rates in recent years have triggered an economic boom in 
Cambodia, with new hotels, restaurants, and residential buildings springing up around 
the PPM. Due to improved living standards, globalization, international trade, and 
tourism, the consumption of electrical and electronic equipment (EEE) has rapidly 
increased in the urban centers in the country. Since Cambodia does not have 
manufacturing base for electrical and electronic equipment (EEE), it is importing both 
brand new and second hand EEE to cater to existing demand. This is leading to 
generation of E-waste and its management as a major issue in cities/ urban centers in 
Cambodia. According to the CEA survey report of E-waste in Cambodia, it was found 
that there exists some environmental and human health concerns though the utilization 
of second hand EEE/ Used EEE. Therefore, there is a need to further consider 
strengthening, monitoring and managing imported EEE with reasonable and useable 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Introduction to Phnom Penh (Cambodia) 
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Methodology 

Globally, five methods have been used to determine E-waste inventory. Each of these 
methods use “Material Flow” model for assessment of inventory. This chapter describes 
the preferred method for inventory estimation, its application, constraints, advantages, 
data requirements and sources of data. 
 
The five methods, which have been used to assess the E-waste inventory globally, are 
given below. 

1. The time step method 
2. The market supply method 
3. The Carnegie Mellon method 
4. Approximate 1 formula 
5. Approximate 2 formula 
 
The key to apply any method is the availability of data and its quality. The type of data 
required to apply any methodology is given below. 

� Saturation level of EEE at household and industry level 
� Number of households 
� Sales data related to export/ import/ manufacturing/production 
� Stock data related to private and industry 
� Average lifetime of EEE 
� Data related to storage of EEE 
� Data related to reuse and recovery 
� Data related to landfill 

 
 
Data Requirement and Data Sources 

E-waste trade value chain in PPM forms the basis of data requirement and data source. 
This trade value chain has been described in figure 3.5 of chapter 3. The salient features 
related to data requirement and sources, which emerged out of the analysis of E-waste 
trade value chain, are given below. 

1. EEE import, sales and consumption is in formal sector 

2. Part of E- waste generation and E- waste treatment falls in semiformal sector 

3. Part of E-waste treatment and entire disposal falls in informal sector 

The trade chain beyond blue line on the right hand side falls in the informal sector. 
Therefore, possibility of data availability related to import, sales and consumption 
appeared high through published government and private sources. However, a need 
appeared for carrying out limited sampling to collect data related to E-waste generation, 
treatment and disposal. The strategy to collect this data is shown in figure 4.1. 

 

 

 

Baseline Data  (2008) 
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The availability of above mentioned data was checked for PPM by referring to a number 
of sources including government and private as described in table 4.1. 
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Application of Methodology 

The application of any of the five methodologies on the basis of figure 4.1 and table 4.1, 
tentative sources of data collection have been assessed as per the constraint matrix 
given in table 4.2. The data required for applying each methodology has been described 
in table 4.2. The yellow mark indicates the availability of data for PPM. It can be 
concluded that Carnegie Mellon Method, a modified version of market supply method 
can be applied to carry out E-waste inventory assessment in PPM. 

 
Conclusion 

The application of Carnegie Mellon method requires data on imports, average lifetime, 
reuse and recycling. These data available from different agencies is supported by 
primary survey carried out through questionnaire survey and tracer technique described 
in the following chapter. 
 
 

 
 
 
For this study, a combination of two methods, “Carnegie Mellon Method” and “Tracer 
Technique” has been used to quantify E-waste inventory in PPM. These techniques are 
applied on respective parts of the E-waste trade value chain shown in figure 4.1 by using 
the data available from the source given in table 4.1. The following sections describe 
EEE items selected for quantifying E-waste inventory, conceptual approach, and 
application of methods to quantify the installed base of EEE, its projections, average 
lifetime, tracer technique and finally inventory. 
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Introduction 
 
As per Basel Convention, “Report on the Survey of the Import and the Environmentally 
Sound Management of Electronic Wastes in the Asia-Pacific Region,” E-waste release 
per annum is roughly calculated as 276 units of computer, 2,760 units of TV sets, 5,520 
units of mobile phones and 690 units of fixed phones. This report also indicates that 
there is a rapid increase in the import of electronic equipment in the country. Moreover, 
with rapid increase in internet and information technology penetration and decrease in 
the retail prices of EEE, their end of life is getting reduced. 
The study “Environmentally Sound Management of Electrical and Electronic Waste in 
Cambodia” in 2006-07 reported that E-waste estimation as of 2007, consisted mainly of 
40,983.00 kg from TV, 13,318.80 kg from air conditioners, 2,016.24 kg from mobile 
phones and 1,310.40 kg from personal computers. It was also found that major 
quantities of E-waste are generated in Phnom Penh City. Further, the study indicated 
usage of low repairing/dismantling technology with inappropriate facilities in study areas, 
which threaten the environment and public health. In Phnom Penh, many small family 
workshops, within houses, have been established to recover reusable and recyclable 
materials from E-waste without proper precautions. The residual E-waste is disposed off 
as municipal solid waste in bins and landfill sites. Since EEE contain hazardous 
materials, these family level operations create a direct risk to workers and their families, 
to the community and to the environment, especially due to release of hazardous 
substances in soil, water and air. 
 
 
Conceptual Approach 

There are six items, which have been selected to quantify E-waste inventory. These 
include three items from ICT like TVs, PCs, mobile phones (MP) and three items from 
white goods like Refrigerator, Air Conditioner (AC) and washing machine (WM). These 
items have been selected considering their growth rate in PPM. There are four steps, 
which have been used to describe the conceptual approach. 

Step 1: Establish the installed base of selected EEE items with future projections till 
2020. 

Step 2: Carry out the scenario analysis using assumed average life cycle of each EEE 
item. 

Step 3: Confirm the average life cycle using “Tracer Technique”. 

Step 4: Quantify E-waste inventory with projections. 

The projections both for installed base and E-waste inventory have been considered till 
the year 2019 since master plan for PPM urban agglomeration is being prepared till this 
year. The major constraints experienced during implementation of these steps are given 
below. 

 

 

E-Waste Inventory 
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1. Figures for EEE sales computed by using EEE import data from department of Kam 
Control are available only at country level and not at city level. 

2. Figures related to obsolescence rate/ average life of an electrical and electronic item 
provided by secondary sources of data differ due to storage and reuse of E-waste. 

The above constraints are overcome by demarcating the E-waste trade value chain into 
two parts at a point where E-waste arrives at repair shop. This point has been taken 
considering the mixed business/ functional profile of these shops including repair, 
reselling and part dismantling in PPM. Therefore, the point of entry before repairing and 
reselling step in E-waste trade value chain has been taken to demarcate the chain for 
application of two different approaches. This is described below and shown in figure 5.1. 

The four steps identified above have carried out and described in the following sections 
using this conceptual approach. 
 

 
 
Establishment of installed base of selected EEE 

Installed base of EEE in PPM has been established by using a number of inputs from 
diverse secondary data obtained from a number of sources/ agencies. Some of these 
sources include International Telecommunication Union (ITU), World Bank, ADB, 
UNESCAP, National Institute of Statistics of Cambodia, Municipality of Phnom Penh, 
Department of Kam Control, Academic institutions, CEA etc. Some of the major 
assumptions/ inputs used to estimate the installed base are given below. 

1. EEE installed base is restricted to urban areas in Cambodia due to non availability of 
electricity in rural areas in the country. 

2. Census data of PPM from National Institute of Statistics of Cambodia has been used. 
The population growth rate has been assumed to be 2.5% per annum. 

3. A uniform GDP growth rate of 5.5% every year has been assumed considering 
conservative growth estimates. 

4. Installed EEE base projections have been made based on electrified household in 
low, medium and high income group in PPM considering 5.5% GDP growth rate. This 
data is described in table 5.1and table 5.2. Further, power supply planning is aiming for 
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a 95% increase in the residential sector up to year the 2016 in Phnom Penh. This will 
translate into an annual growth rate of electrified households to be 2%. This data have 
been compiled from the report “Household Electricity Use Analysis and Forecasting: The 
case of Phnom Penh, Cambodia”, A thesis submitted by Mr. Nou Sovanndara”, Id: 
0111090 as a part of the requirements for the degree of Master of Science, in Energy 
Technology, The Joint Graduate School of Energy and Environment, at King Mongkut’s 
University of Technology Thonburi, Thailand, 2nd semester 2002 ISBN 974-465-408-3 
based on Statistical Data of Ministry of Planning of Government of Cambodia, Year Book 
2001. 
 

 
 
 

 
 

5. Data on the number of hotels in PPM from 2003 to 2007 was obtained from statistical 
data of PPM municipality. This data was extrapolated till 2019 based on best fit 
polynomial curve with R2 = 0.97 as shown in figure 5.2. 

6. Data on number of companies/ offices in PPM from 2003-2007, obtained from 
statistical abstract of PPM was extrapolated till 2019 based on 5.5% GDP growth rate. 

7. Percentage ownership of TVs, PCs, MPs, refrigerators and air-conditioners among 
households, hotels and offices have been taken from table 11, table 12, table 13, table 
14 and table 15 of technical report on report “Technical Report on National Inventory of 
Used EEE in Cambodia” prepared by CEA and are summarized in appendix 4. 
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8. Penetration rate of individual EEE for hotels and companies/offices have been 
estimated based on weighted average of their distribution given in table 11, table 12, 
table 13, table 14 and table 15 of technical report “Technical Report on National 
Inventory of Used EEE in Cambodia” prepared by CEA and are summarized in appendix 
4. These penetration rates have been described in table 5.3 given below. It has been 
assumed that washing machines are used only in households in PPM. 
 

 
 
9. The import statistics for TVs and PCs from 2000 to 2008 from department of 
Kam Control for Cambodia have been compiled and shown in table 5.4. 
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10. As per CEA household survey carried out in 2006-07, penetration rate of TV at the 
household level in urban areas has been taken as 1.5 per household. This penetration 
rate in PPM is achieved if it is assumed that 22% of the imported TVs each year are 
added to the previous year’s installed base of TV. Using this assumption, the installed 
base and penetration rate of TV in PPM from the year 2000 to 2008 has been calculated 
and summarized in appendix 5. Future penetration rate has been projected by 
extrapolating the penetration rate data till 2019 based on best fit polynomial curve with 
R2 = 0.99. Using the projected penetration rate, the projected installed base of TV in 
PPM has been estimated and summarized in appendix 5. 

11. As per CEA household survey carried out in 2006-07, penetration rate/ ownership 
ratio of PC in urban areas is 0.12/ person for a population above 13 years old 
(Approximately 74% of the total population as per PPM municipal data). This penetration 
rate in PPM is achieved if it is assumed that 32% of the imported PCs each year are 
added to the previous year’s installed base of PC. Using this assumption, the installed 
base and penetration rate of PC in PPM from the year 2000 to 2008 has been calculated 
and summarized in appendix 5. Since no significant correlation was obtained for the 
penetration rate/ ownership ratio data starting from 2000 to 2008, a uniform penetration 
rate/ ownership ratio of 0.12 was adopted to project the future installed base and 
summarized in appendix 5. This penetration rate represents the most conservative 
scenario of business as usual considering that there will neither an increase nor 
decrease in penetration rate. The projected PC installed base till 2019 shows a 
significant correlation with R2 = 0.99 for the best fit polynomial curve as shown in 
appendix 5. 

12. Import statistics of MP obtained from department of Kam Control does not match the 
increase in installed base of MP in Cambodia for the year 2000 to 2005 as per MoPT 
data summarized in appendix 5. Therefore, the installed base of MP in PPM has been 
derived based on the CEA household survey and data from market research agencies. 
As per CEA household survey carried out in 2006-07, penetration rate/ ownership ratio 
of MP in urban areas is 0.53/ person for a population above 13 years old (Approximately 
74% of the total population as per PPM municipal data). As per this penetration rate, the 
total installed base of MP in PPM has been estimated to be 412,976 units. As per market 
research agency quoting government sources, a growth rate of 15% has been recorded 
in MP sector during 2007-08. Assuming 15% growth during the lean period as 
conservative figure, installed base of MP in PPM from the year 2005 to 2009 has been 
estimated. This further extrapolated backward till the year 2000 based on percentage 
distribution of installed base of PPM with respect to Cambodia. Thereafter, the installed 
base has been has been estimated till the year 2019 based on best curve fit with 
significant correlation of R2 = 0.99. 
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13. According to Cambodia socio-economic survey 2004, the installed base of 
refrigerator in PPM is about 17.8 per 100 households. As per CEA household survey 
carried out in 2006-07, penetration rate/ ownership ratio of refrigerators in urban areas is 
0.38 units per household, where 80 percent of the households are electrified. This 
penetration rate/ ownership ratio has been further divided as per low, medium and high 
income group households. Using the same penetration rate and the projected population 
with expected percentage of electrified households given in table 5.2, the installed base 
of refrigerators in PPM till 2012 has been estimated and summarized in appendix 5. This 
installed base of refrigerators in PPM from 2004 till 2012 has been further extrapolated 
till 2019 using best fit logarithmic curve with significant correlation R2 = 0.97. Further, 
installed base estimation from 1993 till 2003 have been made using the penetration rate/ 
ownership ratio of 2004 with corresponding electrified household estimates. These 
estimates have been summarized in appendix 5. 

14. According to Cambodia socio-economic survey 2004, the installed base of air 
conditioners in PPM is about 8 per 100 households. As per CEA household survey 
carried out in 2006-07, penetration rate/ ownership ratio of air conditioners in urban 
areas is 0.33 units per household, where 80 percent of the households are electrified. 
This penetration rate/ ownership ratio has been further divided as per low, medium and 
high income group households. Using the same penetration rate and the projected 
population with expected percentage of electrified households given in table 5.2, the 
installed base of air conditioners in PPM till 2012 has been estimated and summarized in 
appendix 5. This installed base of air conditioners in PPM from 2004 till 2012 has been 
further extrapolated till 2019 using best fit logarithmic curve with significant correlation R2 

= 0.97. Further, installed base estimation from 1993 till 2003 have been made using the 
penetration rate/ ownership ratio of 2004 with corresponding electrified household 
estimates. These estimates have been summarized in appendix 5. 

15. The penetration/ ownership of any white good depend on the availability of 
electricity, income and consumer behavior. The electrified households in PPM as per 
low, medium and high income groups are summarized in table 5.2. Ownership ratio of 
washing machine with refrigerator has been identified as an indicator of consumer 
behavior for ownership of washing machine in PPM based on the field survey of 
electricity consumption in residential sector for low, medium and high income groups in 
the year 20022. This ownership ratio has been applied to the refrigerator ownership in 
the low, medium and high income group as per CEA household survey in 2006. The 
tentative washing machine ownership ratio in the year 2006 is summarized in table 5.5. 
 
 

 
 
Using the same penetration rate/ ownership ratio and the projected population with 
expected percentage of electrified households given in table 5.2, the installed base of 
washing machine in PPM from 2002 to 2012 has been estimated and summarized in 
appendix 5. This installed base of washing machine till 2012 has been further 
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extrapolated from 1993 till 2019 using best fit exponential curve with significant 
correlation R2 = 0.99. These estimates have been summarized in appendix 5. 

16. The total installed base of EEE items in hotels and companies in PPM is 
summarized in appendix 5. 
 
The total installed base of the six EEE items in household sector in PPM has been 
estimated and summarized in table 5.6. Therefore, the total installed base of EEE 
consisting of households, hotels and companies is summarized in table 5.7. 
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Scenario Analysis – E-waste Inventory 

Average lifecycle of each of selected EEE item has been taken from the report 
“Technical Report on National Inventory of Used EEE in Cambodia” prepared by CEA 
based on survey carried out in 2006 and summarized in table 5.8. A range of average 
life of selected EEE items can be fixed with an “upper limit” and “lower limit” as 
summarized in table 5.8. Scenario analysis of E-waste inventory for the selected EEE 
has been carried out using “upper limit” and “lower limit” and summarized in table 5.9. 
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Scenario analysis assists to assess the time between point of discard of EEE and its 
arrival at repair/ dismantling stage. This will help in assessment of life cycle of EEE 
before it arrives for dismantling in a geographical context. 
 

Life Cycle Assessment through Tracer Technique 

Life cycle assessment has been carried out through tracer technique from the point at 
which it enters repair shops. It is at this point that EEE item enters the E-waste trade 
value chain in PPM. Further, the nature of E-waste market in PPM indicates that all the 
three functions of repair, reselling and dismantling are occurring with majority of retailers 
under one roof in PPM. The following steps were followed to carry out tracer analysis for 
six items in PPM. 

Step 1: Identify the tracer item in each EEE 

Step 2: Follow the tracer item in the trade value chain 
 

 
 
 

The tracer in each EEE item is described in table 5.1. Further, the tracer item has been 
tracked as shown in appendix 6 and amount calculated based on field survey carried out 
by project team on sample basis as summarized in appendix 7. An average amount for 
each item is calculated and correlated back to E-waste inventory summarized in table 
5.9 to assess the average life cycle. This correlation for each item has been described 
below. 
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TV 

Results of tracer analysis for TV are summarized below. 

1. The survey of about 17 TV repair and dismantling shops carried out by project team 
shows that about 1152 units per month arrive for repair/ dismantling. This gives an 
average figure of about 68 units per month arriving at each shop. 

2. There are about 40 repair and dismantling shops, which were surveyed by CEA 
during 2006. The total units expected to arrive at 40 shops per year are 32640. 

3. On comparing the expected arrival of the TV sets at these shops with the figures for 
TV in table 5.9, the average life cycle of TV in PPM comes out to be about 13 to 14 
years, which corresponds to figures in 2006-07. This also includes the storage period of 
the unit with different stakeholders. 
 
PC 

Results of tracer analysis for PC are summarized below. 

1. The survey of 8 PC repair shops carried out by project team shows that about 525 
units per month arrive for repair. This gives an average figure of about 66 units of PC per 
month arriving at each shop. 

2. As per data of National ICT Development Authority, there were about 185 PC shops in 
Cambodia in 2006. PC shops surveyed in 2006 by CEA team in PPM constitute about 
64 % of the total sample size. Using this percentage, the total PC shops in PPM have 
been estimated to be 118 in 2006. The units, which are expected to arrive at these 
shops for repair per year is about 93,456. As per CEA survey, the number of PCs 
arriving for repair constitutes about 89.85 percent (table 18 from CEA report), therefore, 
the total number of units expected to arrive at the se shops is about 102,941 units per 
annum in 2006. 

3. On comparing 102,941 units per annum in 2006 with the figures for PC in table 5.9, 
the average life cycle of PC in PPM is estimated to be 11 years, which corresponds to 
an installed base of PC in 1995. 

 
MP 

Results of tracer analysis for MP are summarized below. 

1. The survey of about 10 MP repair shops carried out by project team shows that an 
average of about 415 units per month arrive for repair at these shops. 

2. There are about 32 MP repair shops, which were surveyed by CEA during 2006. The 
total units expected to arrive at these shops per year are 159,360 in PPM. These 
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constitute about 89.85 percent (table 18 from CEA report), therefore, the total number of 
units expected to arrive at the shops is about 170,515 units per annum in 2006. 

3. On comparing 170,515 units per annum in 2006 with the figures for MP in table 5.9, 
the average life cycle of MP in PPM is estimated to be 5 to 6 years, which corresponds 
to an installed base of MP in 2001-02. 

Refrigerator 

Results of tracer analysis for refrigerator are summarized below. 

1. The survey of about 19 refrigerators repair and dismantling shops carried out by 
project team shows that an average of about 33 units per month arrive for repair and 
dismantling at these shops. 

2. There are about 43 refrigerator repair shops in PPM, which were surveyed by CEA 
during 2006. The total units expected to arrive at these shops per year are 17,028 in 
PPM. 

3. On comparing 17028 units per annum in 2006 with the figures for refrigerator in table 
5.9, the average life cycle of refrigerator in PPM is estimated to be 13 years, which 
corresponds to an installed base in 1993. 

Air Conditioner 

Results of tracer analysis for air conditioner are summarized below. 

1. The survey of about 19 air conditioner repair and dismantling shops carried out by 
project team shows that an average of about 35 units per month arrive for repair and 
dismantling at these shops. 

2. There are about 43 air conditioner repair shops in PPM, which were surveyed by CEA 
during 2006. The total units expected to arrive at these shops per year are 18060 in 
PPM. 

3. On comparing 18060 units per annum in 2006 with the figures for air conditioner in 
table 5.9, the average life cycle of an air conditioner in PPM is estimated to be 12 to 13 
years, which corresponds to an installed base in 1994. 
 
Washing Machine 

Results of tracer analysis for washing machine are summarized below. 

1. Survey of about 9 washing machine repair and dismantling shops carried out by 
project team shows that an average of about 34 units per month arrive for repair and 
dismantling at these shops. 

2. As per survey of such type of shops, it was informed that there are about 45 washing 
machine repair shops in PPM. Therefore, the total units expected to arrive at these 
shops per year are 18360 in PPM. 

3. On comparing 18360 units per annum in 2006 with the figures for air washing 
machine in table 5.9, the average life cycle of washing machine in PPM is estimated to 
go beyond 13 years and is expected to be 18 years which corresponds to an installed 
base in 1987-88. 
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Projected E-waste Inventory 

A conservative life cycle assessment of each of the EEE item has been fixed based on 
confirmation by “Tracer Technique” and summarized in table 5.11. 

 

 
 
 

The projected E-waste inventory in terms of numbers and metric tons for the six EEE 
items starting from the year 2009 till 2019 has been estimated and summarized in table 
5.12 and table 5.13. 
 

 
 

The graphical representation of the inventory is shown in figure 5.3. The figure shows 
that the E-waste inventory in PPM is expected to grow exponentially with a significant 
correlation during the next decade. In terms of numbers, E-waste from mobile phones is 
expected to grow at a higher rate followed by TVs, PCs, refrigerator, air conditioners and 
washing machine. 
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The graphical representation of the inventory is shown in figure 5.4. 
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Figure 5.4 shows that the E-waste inventory in PPM is expected to grow exponentially 
with a significant correlation during the next decade. In terms of weight, E-waste from TV 
is expected to grow at a higher rate followed by PCs, refrigerator, air conditioners, 
washing machine and mobile phones. 


