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Chapter 1

Introduction

1.1 Background

Following the Cabinet approval of national integrated waste electrical and electronic
equipment (WEEE) management strategies on 24 July 2007, the supervisory sub-committee
under the National Environmental Committee was also appointed to direct effective

implementation of the strategies.

There are sub-strategies specified under each strategy e.g., development of appropriate
WEEE technology and management, enhancement of effective law enforcement and
development supportive to WEEE management, utilization of budgetary financial and
investment measures to promote eco-products, development of one-stop and effective WEEE
management administration, and study and research of product profile databases are to be

supported as Measure 3 under Strategy 1.

The supervisory sub-committee has agreed to prioritization results of EEE importance
proposed by the working group on importance determination and prioritization of EEE, of
which the Pollution Control Department (PCD) as secretary, on 16 February 2009. After
importance of EEE has been determined and prioritized, WEEE quantities are to be forecasted
for advantages of WEEE management planning and assessment. Despite number of WEEE
quantity forecasts conducted in Thailand, most case studies had not covered all important
products and had lacked on-going information update system. In addition, past studies
incurred information and assumption reliabilities and accuracies, resulting in limited

application of derived information.

The PCD planned to push forward the WEEE management fees. In 2010 the National
Research Center on Environmental and Hazardous Waste Management was assigned to
conduct a study on criterion, methods, conditions, and WEEE management fee rates to be
included in development of regulations and laws related to hazardous waste management.
The project partly studied WEEE quantity forecasting models, without database design to

support WEEE management and fee calculations.
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Therefore, PCD needed to study design of databases for reliable and suitable to and
effectively support WEEE management and continuously link to information from various
organizations, especially the Ministry of Finance prospect product fee collection system. In
order to complete the project, knowledge and experience transfers from oversea expert was
required in addition to hosting number of meetings and seminar among public and private

stakeholders.
1.2 Objective
1. To study the methods and data requirements for WEEE estimation

2. To design the supporting database system for WEEE management guided by the

integrated WEEE management strategies

3. To forecast the WEEE incurred in Thailand
1.3 Goal

The WEEE forecasting method and the database system which can continuously,
systematically, and effectively link to information necessary for the WEEE management, under

the integrated WEEE management strategies, WEEE quantities incurred in Thailand also exit.
1.4 Expected results

1. The WEEE estimation method appropriate for the Thai databases

2. The database system supporting present and future WEEE management system

3. The WEEE categories and quantities incurred in Thailand
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Executive Summary

The Electrical and Electronics Institute (EEI) has reviewed the WEEE estimation methods

Chapter 2

Review of WEEE Forecasting Methods

used in various countries to study the advantages and constraints, and find out method and

model appropriate for Thailand, current WEEE forecasting methods are concluded below.

Forecasting method

Advantages

Constraints

Requirements

1. Time Step Method

1. Easy calculations

2. Good results
derived in

saturated market

1. Household
saturation levels
based on
predetermined stock

levels

2. Industrial stock
levels assumed in the

calculations

3. Assuming all WEEE
generated is collected

and transferred to

disposal and
treatment and

facilities

1. Domestic sales
obtained from
production, import
and export

statistics

2. Household
appliance stock
levels calculated
by predetermined

saturation levels
in households

3. Industrial stock
levels assumed
and difficult to

obtain

2. Market Supply
Method

1. Not wide range
of necessary data

assessed

2. Simple formula
with easy

calculations

3. Sales data

derived from

1. Average duration of
use depending upon
individuals, EEE
replacement and
disposal mostly before
end of life in

developed countries

2. Long period of
WEEE storage

1. Information
about domestic
sales required for
this calculation can

be obtained

from production
and export

statistics.
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Forecasting method Advantages Constraints Requirements

official statistics 3. Assuming all 2. Different average

from market appliances produced | duration of use

research institutes | .
in the same year and | between new

or

disposed after product (Active
trade organizations | reaching average life) and second
and are of good duration of use hand product
quality and (Passive life)

4. Assuming no drastic

available for a large
change of average

number of variance in duration of
products. use of each EE item,
but shorter duration of
use expected in the
future, this method
cannot be used
especially in
calculating WEEE

quantities in a

dynamic market with
rapid changes of
technology and
duration of product

use.

3. Carnegie Mellon 1. Model of 1. Assuming pre- Reuse: Possible or
Method electrical and determination of gifted/ donated to
electronic product and country another user

equipment starting | specific in assessing without extensive

from purchasing, routes or material modification.

reused, storage and | flows of reuse,

] ) ) « Storage: Not
finally recycling or | storage, recycling, and
used.
land-filling resulting | land-filling, knowledge
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Forecasting method Advantages Constraints Requirements

in more reliable of consumer behavior  Recycle: Defined

material flow and WEEE as the product

managements are

2. This method being taken apart

examines more needed. and each types of
product coverage 2. This model requires | materials or parts
and utilizes more a full coverage of being sold as
information in sales data throughout | scrap.

calculating WEEE value chain of e-waste | Landfill

resulting in clearer | trading.

WEEE management

structure
4. Forecasting from This method is 1. Assuming constant | Application of
consumption and use particularly useful | average duration of method requires
with reliable product use stocks and

appliance stocks. assumed average

2. This method is

suitable for WEEE duration of

forecasting in highly appliance use.

saturated markets with
no major deviation
from the average
duration of product

use.

5. Forecasting from 1. This method is 1. This method is only

sales suitable for suitable in a fully
preliminary saturated market
assessment of where purchase of
WEEE. new product leads to

2. Very limited same quantity of

range of input data waste from old

required for product. Therefore,
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Forecasting method

Advantages

Constraints

Requirements

application of this
method

3. No retrospective

data required, only

sales figures of time

period during WEEE

assessment

this method has
limited application in
dynamic and
developing markets
because sales in these

markets create stocks

and not lead to waste.

2. This method is not
suitable if temporary
storage or second
hand use plays
important role in

consumer behaviour.

6.Distribution Delay

« This method can
be applied to both
saturated markets
and dynamic
market where
technology and
duration of product

use change rapidly.

« It gives highly

accurate results.

* It requires average
duration of use and
distribution of average
duration of each

product use.

» Needed sufficient
consumer survey to
assess distribution of
duration of each
product use with
complicated

calculation

» Domestic sales
obtained from the
production and

export statistics.

« Average duration
of appliance use
and standard
deviation of
duration of each

product use

7.Waste Flow Model

To calculate WEEE
quantities for
recycle and

treatment

Utilization of EEE sales
statistics collected by
government,
incomplete and out-

dated information

1. Annual
quantities and
weights of end-of-
life products to be

managed
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Forecasting method Advantages Constraints Requirements

2.WEEE quantities
to be recycled and

treated

3.Quantities of
collected end-of-
life products

managed

4 Recycled EE part

quantities

5. Exported EE part

quantities

8.Cradle and Grave | To inform Only for electrical and | 1.Sales volume

Model production capacity | electronic appliance 2 Duration of use

by market demand | and ITC equipment

3.WEEE quantities
and analyze

tracking of WEEE 4 Processed WEEE
assessment quantities

5.Disposed WEEE

quantities
9.Consumption and | Various information | WEEE quantities 1.Number of
Use Method used in reliable dependent on household

WEEE assessment number of households .
2.Average duration

and product

of use
information
3.Average weight
4.Saturation rate
10.Logistic Model Used for long-term | Appropriate for rapidly | 1.Long-term
Base market forecasting | changed technology market forecasting
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Forecasting method Advantages Constraints Requirements
enabling to define | of product 2 Saturation data
market saturation of product
level, resulting in
nearly perfect
forecast

11.Weibull Applied to Needed accurate data | 1.Distribution of
Distribution Method | saturated and and retrospective duration of
dynamic markets statistics to give product use
with rapid changes | accurate results 2 Domestic
of technology and consumption
duration of product
use

From the study it was found that the distribution delay method with Weibull’s function
forecasts a more reliable market saturation level using logistic model. This procedure can be
applied to saturated and dynamic markets. Time step method is applied to fluorescent lamps

and dry cell batteries.

For model construction, data are consistently collected by six sources depicted below.
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Data Source Data Collected Frequency | Consistency Reliability Accessibility Constraint
1. Customs Import-Export data by HS Monthly Continuously | Reliable, data Formal Unable to
Department code. collected by HS code | request differentiate
provided by importers between old
and exporters versus new
items
2. Office of Industrial | Production volume, Monthly Continuously | Reliable, data Formal Partial
Economics (OIE) domestic sales and export collected continuously | request coverage
volumes with verification
3.National Statistical | -Occupation of household Yearly Continuously | Reliable, data On NSO Partial
Office (NSO) appliances collected continuously | website coverage
-Number of household with verification
-Number of population
4 National Electronic | -Domestic market of ICT Bi-yearly | Continuously | Reliable, data from | Publication for | Partial
and Computer products such as PCs, statistical survey and | public coverage and
Technology Center laptops, printers, digital market research obsolescence
(NECTEC) camera etc.
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Data Source Data Collected Frequency | Consistency Reliability Accessibility Constraint
5.Department of -Factory data Reliable, disclosure of | Formal -Recycling and
Industrial Works Recycling and dismantling actual information by request dismantling
(DIW) factories registered companies data referred

to factory
-Industrial wastes .
capacity not
actual data
6.Electrical and -Production volume and Monthly Continuously | Reliable, data On website Domestic sales

Electronics Institute

(EED

domestic sales volumes
-EE factory data

-Market forecasts of

domestic products

collected continuously

with verification

www.thaieei.c

om

forecasted by
modeling
subject to

variations
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Chapter 3

Results of Field Survey on Consumer Behavior

Besides of secondary data, EEl has conducted a field survey to collect data on the
distribution of lifetimes of 13 products and consumer behavior after product end of life. The
survey administered questionnaires to 1,200 samples in total, i.e., 800 household samples, 200
corporate/ business samples, 200 collecting factories/ repair shops/ second-hand shops/
recycle factories. Household survey samples were selected from population categorized by
community size into five groups, i.e. city municipality, district municipality, sub-district

administrative organization, Bangkok and Pattaya, as follows.

No. Local Government Grouping # of Samples

1 City municipalities 160
2 Bangkok 80
3 Pattaya 80
4 Town Municipalities 160
5 District Municipalities 160
6 Sub-district Administrative Organizations 160

Total 800

For corporate/ business samples, the samples were selected from small, medium and

large enterprises, as follows.

No. Corporate/ Business # of Samples
1 Factories 67
2 | Hotels 66
3 Companies 67
Total 200

Questionnaires were also administered to 200 collecting factories/ repair shops/
dismantling factories and recycle factories, in quotas, e.g. service centers, cell phone repair

shops, etc.
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No. Business Type # of Samples
1 Collecting factories 60
2 Repair shops 60
3 Second-hand shops 50
4 Dismantling factories 15
5 Recycle factories 15
Total 200

For accuracy checks of the information gathered, EEI were randomly re-checked 20%

of the questionnaires to verify information. The results of the household survey are shown

below.
% Iltems per % % Second- Average
Product . Duration of
Ownership | Household | New items | hand Items
Use (year)
1.CRT/LCD/Plasma TVs 95.79
1.45 98.98 1.02 6.9
1.1 CRT TVs 85.52
0.39 100 - 3.8
1.2. LCD/Plasma TVs 29.70
1.29 98.27 1.73 6.87
2. Refrigerators 94.55
2.07 99.46 0.54 4.60
3. Electric Fans 93.19
2.25 99.67 0.33 3.09
4. Mobile Phones 92.82
0.99 98.99 1.01 552
5. Washing Machines 79.95
0.70 99.47 0.53 3.78
6. DVD /CD Players 60.02
7. Personal Computers/ 0.78 98.57 1.43 3.65
56.81
Notebooks
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A
% ltems per % % Second- VErase
Product . Duration of
Ownership | Household | New items | hand Items
Use (year)
1.52 99.76 0.24 3.13
8. Digital Cameras 42.45
0.58 99.15 0.85 5.20
9. Air Conditioners 41.34
0.48 98.46 1.54 6.31
10. Fixed Line Telephones 41.09
0.41 99.40 0.60 4.66
11. Microwave Ovens 38.74
0.18 100.00 - 3.05
12. Printers 14.48
0.06 97.92 2.08 3.95
13. Facsimiles 5.69
0.05 97.44 2.56 3.74
14. Video Cameras 4.83

Consumer behaviors of households in managing end-of-life products summarized

below.
Discarded
Given to other | Others (kept)
WEEE with other | Sold (%)
person (%) (%)

waste (%)
1.CRT/LCD/Plasma TVs 8.70 62.60 7.24 21.42
2. Digital Cameras 22.44 40.24 4.63 32.69
3.Video Cameras 10.26 25.64 15.38 48.72
4.DVD /CD Players 21.39 54.19 6.60 17.83
5.Printers 17.52 52.55 8.76 21.17
6. Facsimiles 16.67 45.83 12.50 25.00
7.Fixed Line Telephones 36.60 38.99 4.51 19.89
8.Mobile Phones 12.39 50.18 577 31.66
9.Personal Computers .77 61.81 6.80 23.95
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Discarded
Given to other | Others (kept)
WEEE with other | Sold (%)
person (%) (%)
waste (%)
10.Air Conditioners 9.01 66.74 6.47 17.78
11.Refrigerators 8.82 65.21 7.53 18.43
12.Microwave Ovens 10.09 70.95 5.20 13.76
13.Washing Machines 9.46 67.36 6.74 16.45
14.Electric Fans 14.78 62.47 3.68 19.07
Results of corporate/business field survey summarized as follows.
Average # of Items Average
Sroducts % Duration
Ownership Small Medium Large of Use
Organization | Organization | Organization | (year)
1 | Fixed Line Telephones 99.5 34.4 146.3 247.3 5.04
2 | Air Conditioners 98 27.4 112.4 924 5.76
Personal
3 | Computers/Notebooks 98 13.0 84.1 179.8 3.48
4 | Fluorescent Lamps 96.5 224.8 644.3 1,439.6 3.2
5 | Printers 95.5 4.3 8.7 27.3 4.25
6 | Refrigerators 95 29.0 59.7 65.8 5.6
7 | Facsimiles 84 1.5 2.6 10.4 5.44
8 | CRT/LCD/Plasma TVs 83 35.2 68.7 76.7 4.87
9 | Microwave Ovens 66.5 3.6 4.5 4.2 4.23
10 | Electric Fans 64.5 7.2 39.0 64.4 4.54
Dry Cell
11 | (Rechargeable/Non 63 - - - 2.47
Rechargeable) Batteries
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Average # of Items Average

% Duration
Products

Ownership Small Medium Large of Use

Organization | Organization | Organization | (year)
12 | Digital Cameras 62.5 1.5 4.8 6.0 3.56
13 | Mobile Phones 555 3.6 38.8 56.2 3.35
14 | Washing Machines 36 3.0 4.3 a.9 5.98
15 | DVD /CD Players 275 2.2 19.7 534 4.31
16 | Video Cameras 20.5 1.0 1.8 1.5 3.47

For collecting factories/ second hand shop / disassembling and recycle factories,

survey results are summarized as follows.

Collecting factories:

Source of WEEE (%)
Product Product Hotel/
Household Office Rental
Apartment
Company

1 | CRT TVs 85.6 111 0.4 2.9

2 | LCD TVs T1.7 25.0 - 3.3

3 | Desktop Computers 85.6 13.4 0.1 0.9

4 | Notebooks 50.0 46.9 - 3.1

5 | Mobile Phones 100.0 - - -

6 | Refrigerators 91.4 6.6 0.1 1.9

7 | Air Conditioners 82.3 12.9 0.1 4.8

8 | Washing Machines 90.7 6.8 0.4 2.1

9 | Digital Cameras 55.9 29.0 0.4 14.7

10 | Video Cameras 97.0 1.0 1.0 1.0

11 | DVD /CD Players 92.3 6.7 0.5 0.5
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Source of WEEE (%)
Product Product Hotel/
Household Office Rental
Apartment
Company
12 | Printers 78.7 18.0 2.0 1.3
13 | Facsimiles 69.8 26.0 3.0 1.2
14 | Batteries 83.6 12.0 2.0 24
15 | Microwave Ovens 935 2.0 3.0 1.5
16 | Electric Fans 95.1 4.2 0.1 0.6
Dismantlers:
Source of WEEE (%)
WEEE
Collector Household
1 | CRT TVs 25 75
2 | LCD TVs 333 66.7
3 | Desktop Computers 18 82
4 | Notebooks - 100
5 | Mobile Phones - 100
6 | Refrigerators 15.4 84.6
7 | Air Conditioners 27.5 72.5
8 | Washing Machines 15 85
9 | Printers 20 80
10 | Facsimiles 16.7 83.3
11 | Microwave Ovens 10 90
12 | Electric Fans 7.1 92.9
Prepared by Electrical and Electronics Institute -16 -



Executive Summary

The Study Project on “Development of Estimation Method of Waste Electrical and Electronics Equipment”

Chapter 4

Results of WEEE Quantity Forecasting

The estimation of WEEE in the future use Weibull Distribution Model with Logistic Model which is able to determine the level of saturation of
the market for each product this results in long-term forecasts are more accurate. The level of market saturation and the estimated WEEE of each

product are summarized below.

Saturation Residual Quantity (1000 units)
WEEE
Level 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

1| TVs a1 (0.7) 2,377 2,483 2,587 2,689 2,790 2,889 2,986 3,081 3,174 3,264
2 | Cameras /Video Cameras| #1 (0.4) 724 785 875 983 1,059 1,065 1,055 1,106 1,192 1,289
3 | DVD /CD Players i (0.3) 3,253 3,380 3,476 3,537 3,571 3,588 3,598 3,611 3,630 3,653
4 | Printers/Facsimiles i (0.2) 1,495 1,507 1,520 1,532 1,542 1,546 1,547 1,545 1,543 1,540

Mobile/Fixed Line
5 a3 (1.5) 8,524 9,146 9,750 10,337 10,907 11,456 11,983 12,486 12,966 13,419

Telephones
6 | Personal Computers GN (0.5) 1,789 1,999 2,210 2,421 2,630 2,834 3,032 3,222 3,402 3,572
7 | Air Conditioners # (0.45) 696 717 740 766 796 832 871 911 949 983
8 | Refrigerators i (0.35) 822 872 922 972 1,023 1,074 1,125 1,174 1,223 1,271
9 | Microwave Ovens i (0.15) 257 283 313 346 382 419 456 492 527 559
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Saturation Residual Quantity (1000 units)
WEEE

Level 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
10 | Washing machines 9{1;’1 (0.35) 406 438 a67 495 523 551 581 611 644 681
11 | Electric Fans 5‘1;'1 (0.7) 1,764 1,839 1,916 1,996 2,079 2,164 2,251 2,340 2,431 2,524
12 | Fluorescent Lamps - 245,414 257,685 265,416 273,378 281,579 290,027 298,728 304,702 310,796 317,012
13 | Batteries (mil. Units) - 546 568 590 614 639 664 677 690 704 718
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Chapter 5

Database Design for WEEE Management Support

For designing the database system to support WEEE management in the future, EEl has
started from the analysis of the EE product's life cycle in Thailand and has defined the

organizations responsible for entering data into the system, illustrated below.

The database system is the internet based system. The Information will be used for
analysis, monitoring and forecasting the amount of WEEE and the amount of recycle materials.

Both in the past and future the data system can generate various reports, such as
- WEEE products during the specified period classified by types.
- Amount and type of recycle materials.

- Domestic consumption of electrical and electronic product , including forecasting

future consumption.
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- Volume of import - export of electrical and electronic products classified by types.

- Amount and type of wastes by types.

In this study, there are suggestions that there should have an organization responsible
for collecting and keeping tracks statistical data of products continuously and consistently in
order to track changes and trends in consumption and consumer behavior. In order to make
WEEE forecasting more accurate, there should have a field survey every three years. Because
electrical and electronic products technology is rapidly changing, it affects life and habit of
consumer. The database systems which will be developed in the future should have an
organization responsible for central database and the application program. One more
important point is that the government should have laws or regulations enforced the related
organizations to put data into the database system in order to obtain accurate data for

planning and appropriate WEEE management in the future.
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