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Activity 1 - Report and analytical findings from
interviews and questionnaire survey of Thai

Municipal Officers

Introduction

The Provincial Electricity Authority (PEA) started implementation of energy efficiency
public and street lighting project in 2004. During the first phase of the project (2004 - 2006),
PEA undertook its own investment for equipment purchases. However, PEA could not
invest and manage all equipment with a large area of installed street lights throughout the
country. The Energy Service Company (ESCO) approach was therefore used to implement
an EE street lighting project. Under this approach, PEA has entered into agreements with
local ESCOs which provided initial investments and installation of the equipment including
operation and maintenance (O&M) throughout the contract. ESCOs will then gradually
recover the investment cost from the repayments made by PEA through the energy saving
gained as agreed in the contract.

PEA has successfully implemented many energy efficiency street lighting projects using the
above mentioned ESCO approach since 2007. Several public and private ESCOs have been
contracted by PEA, including Kasetsart University (KU), King Mongkut’s University of
Technology Thonburi (KMUTT), Burapa University, Philips Lighting and L&E.
Implementation of these EE street lighting projects involved replacing conventional street
lights in the selected cities with dimmers, energy efficient reflectors and LED street lights.
The projects undertaken include the following;:

¢ Installation of energy efficient lighting technologies (electronic dimmers and
transformer dimmers) in PEA service area in 2006

e Installation of power electronics for HPS in Samutsakorn, Samutsongkram,
Ratchaburi and Kanchanaburi — Implemented by the King Mongkut’s University of
Technology Thonburi during 2007-2014

e Installation of voltage dimmer in Prachinburi during 2009-2014 — Implemented by
the Kasetsart University

e Delamping with high efficiency reflectors in Samutsakorn during 2010-2015 -
Implemented by the Burapa University

e Small scale demonstration of LED street lighting technologies in Banpong, Lumpoon,
Trang, Nongkhai, Udornthani and Krabi municipalities in 2012

e Increase of Efficiency of Mercury Vapor Streetlights in Municipalities in Chonburi
during 2013-2018 - Implemented by the Kasetsart University

e Replacement of Fluorescent Lamp Street Lighting (2x36W) with HPS SON-T 50W in
Ratchaburi, Pattaya and Chonburi during 2010-2023 - Implemented by the Kasetsart
University

e Medium scale demonstration of LED technologies in 4 regions:




Title of the report
0 Group 1 North - Chiengmai, Lampang and Nokornsawan — Implemented by
L&E
0 Group 2 Northeast - Nakornratchasima - Implemented by L&E
0 Group 3 Central - Pathumthani - Implemented by Gero-Philips

0 Group 4 South - Phuket and Koh Samui - Implemented by Gero-Philips

The PEA and CTCN have appointed a Project Team (comprising TERI: The Energy and
Resources Institute and IIEC — International Institute for Energy Conservation) to conduct a
survey of the above projects.

Objective of the study and methodology adopted

The objective of this survey is to evaluate the technical awareness of Thai municipalities
with regard to the energy efficient street lighting; to gather information regarding any issues
of the operation and maintenance (O&M) requirements of the efficient technologies; and to
collect information on how measurement and verification (M&V) have been conducted in
the energy efficient street lighting projects. The results of the survey will enable PEA,
CTCN and the Project Team to have a thorough understanding of the experiences and
perceptions of Thai municipalities about the energy efficiency street lighting projects already
implemented in Thailand. This would also be key inputs for assessment of techno-economic
of lighting technologies and subsequent development of a roadmap for large scale
implementation in Thai municipalities.

Survey Methodology

A survey primarily focused on the 3 priority street lighting technologies/projects selected
during the inception meeting.

1. Increase of Efficiency of Mercury Vapor Streetlights in Municipalities in Chonburi,
implemented by Kasetsart University during 2013-2018

2. Replacement of Fluorescent Lamp Street Lighting (2x36W) with HPS SON-T 50W,
implemented by Kasetsart University during 2010-2023

a. Project I -Installation in Ratchaburi
b. Project II - Installation in Pattaya
c. Project III - Installation in Ratchaburi and Chonburi

3. Medium scale demonstration of LED technologies in 4 regions/groups during 2014-
2019:

a. Group 1 - Installation in Chiengmai, Lampang and Nokornsawan — Implemented
by L&E

b. Group 2 -Installation in Nakornratchasima - Implemented by L&E
c. Group 3 - Installation in Pathumthani - Implemented by Gero-Philips

d. Group 4 - Installation in Phuket and Koh Samui - Implemented by Gero-Philips
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Error! Reference source not found. illustrates steps involved in conducting the survey.

Collection of
project
document for
EE street
lighting
projects from
PEA

.
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Review of
project
documents
for EE street
lighting
projects from
PEA

Figure 1

Development
of a draft
questionnaire
(in Thai) for
PEA’s review
and
finalization

Conducting
Distribution of qualitative
questionnaire interviews by
by post phone

@ @ @ @

Issuance of A follow-up
PEA's call about a
supporting week after
letters for a distribution of
request to questionnaire

respond to a
questionnaire

: Steps in Conducting a Survey

Following the review of PEA’s documents for all the selected projects, it was found that
installation of all lighting equipment has been completed and ESCOs are now undertaking
O&M activities and collecting repayments from PEA for the remaining of contract duration.
Error! Reference source not found. presents the summary of total number of bulbs and

locations of installation in each of the 3 projects:

Table 1

: Project Size of Selected Projects to be Surveyed

Project Name

Total
number of

bulbs/lumin

aires
installed

Total number
of locations/
municipalities
installed

Locations/ Municipalities

1 Increase of EfflClency of Mercury Vapor Streetlights in Chonburi Area during 2013—2018,

implemented by the Kasetsart University

Increase of Efficiency of
Mercury Vapor
Streetlights in Chonburi
Area

2,500

1. Chonburi Municipality (1533 bulbs 2
distributed); 2. Banbung Municipality
(967 installed)

2. Replacement of Fluorescent Lamp Street Lighting (2x36W) with HPS SON-T 50W in
Ratchaburi, Pattaya and Chonburi Areas during 2010-2023, implemented by the Kasetsart

University
2.1 Installation in
Ratchaburi Area

7,000

1. Huaichinsi Sub-district Municipality; 24
2. Chedihak Sub-district Administrative
Organization; 3. Numpu Sub-district
Administrative Organization; 4. Lak

Muang Sub-district Municipality; 5.

Khaokwang Sub-district Municipality; 6.
Kophlapphla Sub-district

*
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Administrative Organization; 7. Kaow
Rang Sub-district Administrative
Organization; 8. Khung Nam Won Sub-
district Administrative Organization; 9.
Banrai Sub-district Administrative
Organization; 10. Bang Pa Sub-district
Administrative Organization; 11.
Nongklangna Subdistirct Adminitrative
Organization; 12. Thapa Town
Municipality; 13. Pak Raet Sub-district
Administrative Organization; 14. Don
Rae Sub-district Administrative
Organization; 15. Tha Khoei Sub-district
Administrative Organization; 16.
Tanaosri Sub-district Administrative
Organization; 17. Dantabtako Sub-
district Municipality; 18. Thammasen
Sub-district Administrative
Organization; 19. Ban Kha Sub-district
Administrative Organization; 20. Kaem
On Sub-district Administrative
Organization; 21. Suanpueng Sub-
district Administrative Organization; 22.
Nongpanchan Sub-district
Administrative Organization; 23.
Pakchong Sub-district Adminstrative
Organization; and 24. Banbung Sub-
district Administrative Organization

2.2 Installation in 6,523 Sukhumvit 1 (11 installed), Sukhumvit 5 1

Pattaya Area (9 installed), Sukhumvit 9 (15 installed),
Sukhumvit 19/1,19/3,19/5 (32 installed),
Sukhumvit 25 (10 installed), Thappraya
Soi 5 (15 installed), Soi Kor Phai (14
installed), Soi Kor Pai 4 Yaek 1-5 (16

installed)
2.3 Installation in 6,999 1. Nongprue Town Municipality (2072 4
Ratchaburi and installed); 2. Huai Yai Sub-District
Chonburi Areas Municipality (2150 installed); 3. Nong

Pla Lai Municipality (2496 installed);
and 4. Lum Din Municipality (281
installed)
3. Medium scale demonstration of LED technologies in 4 regions/groups during 2014-2019,
implemented by L&E (Group 1&2) and Gero-Philips (Group 3&4)

3.1 Installation in 3,000 1. Chiengmai - Department of Rural 3
Chiengmai, Lampang Roads and Department of Highways

and Nokornsawan (190 installed); 2. Lampang - Lampang

Areas (Group 1) Municipality (794 installed); and 3.

Nakornsawan - Nakornsawan

Municipality (2,016 installed)
3.2 Installation in 3,000 1. Department of Rural Roads (90 3
Nakornratchasima installed); 2. Department of Highways
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Area (Group 2)

3.3 Installation in 3,000
Pathumthani Area
(Group 3)

3.4 Installation in 3,000
Phuket and Koh Samui
Areas (Group 4)

(895 installed); and 3. Nakornratchasima
Municipality (2015 installed)

1. Pathumthani Municipality (322 9
installed); 2. Pathumthani Provincial
Administration Organization (1,533

installed); 3. Tha Luang Sub District

Administration Organization, Sanan

Rak Municipality, Klongluang

Municipality, Thanyaburi Municipality,

Pathum Thani Highway District, Tha

Klong Municipality (710); and 4.

Department of Rural Roads (435)

1. Phuket Municipality (1,176 installed); 4
2. Vichit Sub-District Municipality (961

installed); 3. Kathu Town Municipality

(541 installed); and 4. Koh Samui City

Municipality (322 installed)

Survey Questionnaire

The questionnaire for the survey was prepared based on findings from the above reviews,
and it was divided into the following main sections:

e Implementation of EE street lighting project
e How O&M has been conducted
e How M&V has been conducted

The final survey questionnaire is given in Annex I.

The questionnaires were distributed to all 50 municipalities that EE lighting equipment are
installed under the 3 selected projects. A total of 25 municipalities returned the
questionnaires by fax and email. Following the initial review of the survey responses, a
short interview with each of the 25 municipalities was conducted to collect additional
information and to clarify gaps in the returned questionnaire.
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presents the summary of the number of questionnaires distributed and returned for each
selected project.

Table 2 : Distribution and Return of Questionnaires

Total number Total number
Project of SITrve.ys / of s1frve.ys /
applications applications
sent out returned

1. Increase of Efficiency of Mercury Vapor Streetlights in Chonburi Area during 2013-2018,
implemented by the Kasetsart University
1.1 Increase of Efficiency of Mercury Vapor Streetlights 2 1
in Chonburi Area

2. Replacement of Fluorescent Lamp Street Lighting (2x36W) with HPS SON-T 50W in Ratchaburi,
Pattaya and Chonburi Areas during 2010-2023, implemented by the Kasetsart University

2.1 Installation in Ratchaburi Area 24 10
2.2 Installation in Pattaya Area 1 1
2.3 Installation in Ratchaburi and Chonburi Areas 4 3

3. Medium scale demonstration of LED technologies in 4 regions during 2014-2019, implemented
by L&E (Group 1&2) and Gero-Philips (Group 3&4)

3.1 Installation in Chiengmai, Lampang and 3 3
Nokornsawan (Group 1)

3.2 Installation in Nakornratchasima (Group 2) 3 2

3.3 Installation in Pathumthani (Group 3) 9 3

3.4 Installation in Phuket and Koh Samui (Group 4) 4 2

Total 50 25
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Results of the Survey
Analysis of the survey results focused on the following aspects:

e The types of lights that municipalities currently use;

e Whether municipalities are aware of and involved in energy efficiency projects
implemented by PEA and implementation of EE street lighting projects by their own;

e Perceptions of municipalities on safety improvement through better street lighting;
e How municipalities conduct O&M;
e  Whether municipalities are aware of and implementing any M&V protocols; and

e  What the barriers to adoption of advanced EE street lighting technologies are.

Current Street Lighting Technologies and Operation

Municipalities were asked to describe the type of lights that they currently use in their
municipalities. The most prominent form of street lighting technologies being used by
municipalities, regardless of municipality size and location, are Fluorescent tube lamps,
followed by High Pressure Sodium lights. In their responsible areas, municipal staffs
operate, maintain and service street lights. Municipalities were also asked, to provide
information on the amount electricity consumed by street lights for the past three years.
However, only one municipality (Chonburi Municipality) was able to provide this
information; while the others indicated this information was not available.

Implementation of EE Street Lighting Project
Participation of Implementation of PEA’s EE Street lighting Project

The survey responses indicate that 60% (15) of respondents are aware and have participated
in PEA's implementation of EE street lighting projects. About a half of them participated as
observers for the installation of new lamps and ongoing operation and maintenance (O&M)
by local ESCOs. Although the O&M activities are the responsibility of local ESCOs during
the contract period, it appears that some O&M tasks are also conducted by municipalities for
timely response to the communities’ complaints. Some respondents reported that after
installation completed, ESCOs provided stock of installed lamps and luminaires to
municipalities for timely replacements of broken or damaged street lights by the
municipalities. In case the replacements are out-of-stock, the municipalities call and notify
the contractors and/or PEA directly. If some municipalities have no bucket/boom trucks,
they will directly call PEA or ESCOs to conduct the replacement. Only 5 respondents
specified that they also participated in M&V activities with PEA’s ESCOs (see
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Table 3 : Municipalities Who Participated in Activities under PEA’s EE Street Lighting
Projects

Monitoring

Contractor’s Operation and
and

Municipalities Installation and Maintenance

ficati
Testing (0&M) Verification

(M&V)

Banrai Subdistrict Administrativ v

Organization Ratchaburi

Huaichinsi Subdistrict Municipality, v v
Ratchaburi

Khaokwang Subdistrict Municipality, v v
Ratchaburi

Lak Muang Subdistrict Municipality, v

Ratchaburi

Nongklangna Subdistirct Adminitrative v v
Organization, Ratchaburi

Pattaya

Nong Prue Town Municipality, Chonburi

AN

Nongplalai Subdistrict Municipality,
Chonburi

Nakornsawan City Municipality
Nakhon Ratchasima City Municipality
Pathumthani Town Municipality
Thaklong Town Municipality Phathumtani v
Pathumthani Provincial Administration v

AR NN

Organization
Phuket City Municipality v
Koh Samui City Municipality, Suratthani v v

Nearly all the respondents (14) involving in the EE street lighting projects indicated that the
light quality is better after PEA’s improving lighting efficiency. While the respondent from
the Pathumthani Provincial Administration Organization disagreed, and noted that LED's
light distribution was not adequate to cover the whole pole span when compared with HPS
light.

Municipalities” EE Street Lighting Initiative

More than half of the respondents (15 respondents or 60%) are currently not implementing
any EE street lighting projects in their municipalities, while the remaining 40% (10f
respondents) indicated that they have implemented EE street lighting technologies (see
Error! Reference source not found.). Through the telephone interviews, some of those that
do not currently plan to implement EE street lighting note that their electricity consumptions
are still within their free electricity quota given by PEA so they do not give priority for
implementation of EE street lighting in their municipalities.
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M Yes
= No

Figure 2 : Percent of Municipalities Implementing EE Street Lighting Projects

Most of those having implemented advanced lighting projects reveal that they are replacing
old lamps with LED technologies on a small scale, for example:

e Replacement of MV 250W with LED 120W in Chonburi Municipality in 2017

e Replacement of fluorescent tube lamps with LED in Lak Muang Municipality in 2016
e Installation of LEDs in Nong Prue Municipality, Chonburi in 2017

e Installation of LEDs in Nakhon Ratchasima Municipality in 2014

The respondents implementing EE street lighting projects were asked to rate, using a scale
from 1 to 5, the importance of factors influencing implementation of EE street lighting
projects. The findings clearly indicated that most prominent factors influencing
implementation related to the image of municipality (Average Rating = 4.36), the
improvement of road and community safety (Average Rating = 4.27) and energy savings
(Average Rating = 4.09) as shown in Error! Reference source not found.. Reduction of GHG
emission (Average Rating = 3.27) is viewed as the least important factor.

Table 4 : Factors Influencing Consideration of Implementation of EE Street Lighting

Projects
Average
. Most Very it somewhat . Least Rating/  S.D.
important Important important  important
Energy savings 3 6 2 0 0 4.09 0.700
(27%) (55%) (18%) (0%) (0%)
GHG emission 0 5 5 0 1 3.27 0.904
reduction (0%) (45%) (45%) (0%) (9%)
Light pollution 1 4 5 1 0 3.45 0.820
reduction (9%) (36%) (45%) (9%) (0%)
O&M cost 2 5 3 0 1 3.63 1.120
reduction (18%) (45%) (27%) (0%) (9%)

10



Chapter # & Title

Scenery 3 4 3 0 1 3.72 1.190
improvement (27%) (36%) (27%) (0%) (9%)

Corporate 5 5 1 0 0 4.36 0.674
image (45%) (45%) (9%) (0%) (0%)

promotion

Road & 5 4 2 0 0 427 0.786
community (45%) (36%) (18%) (0%) (0%)

safety

improvement

Perceptions of Municipalities on Improved Road Safety through Better
Street Lighting

The municipalities were asked whether better illuminations from the EE street lighting
projects can reduce road traffic accidents and crime. Most respondents agree on improving
lighting quality will increase safety from crime and road accidents.

14

12

10 A

M Reduced road traffic
accidents

B Reduced crime

1

Yes No No Information

Figure 3 : Perceptions of Municipalities with regard to Increasing Safety through
Better Street Lighting

Operation and Maintenance (O&M)

All municipalities (100%) have their own staff working on O&M activities. In total, 84% of
respondents (21) answered that most of the time people will report to municipalities about
the location of the damaged street lamps in the area and corrective maintenance will be
undertaken. When the lamps are broken or damaged, people will inform via telephone and
website. Some municipalities manage a shift schedule for their staff for monitoring street
lights e.g. from Sunday to Friday, night time and once a week. The Pathumthani Provincial
Administration Organization said that it has a lead time of 1-2 days to respond to the street
lighting maintenance request as there are not so many technical staff in the office.

L ]
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Most of the respondents (64%) perceived that EE lighting technologies will reduce number
of hours of O&M when compared with conventional street lighting technologies (see Error!
Reference source not found.).

18

64%

16

14

12

10
32% ® Reduced number of hours

8 of 0&M

Yes No No Information

Figure 4 : Perceptions of Municipalities on Reduced Number of Hours of O&M
through Better Street Lighting

Figure 0.1 presents whether municipalities have policy on O&M activities. More than half of
all respondents answered that they have policy on O&M activities.

25 92%
88% 88%

M Yes

H No

Policies and Identification Availability of Determination Determination Consideration

procedures clearly of tools and of the period  of the skills of training
related to the responsibilities equipment for of O&M and abilities needs of 0&M
o&M of O&M O&M required of the personnel
requirements  personnel O&M
personnel

Figure 0.1: Policy on O&M in Municipalities

12
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Adoption of Measurement & Verification (M&V)

Almost all respondents (84%) have not adopted M&V when implementing EE street lighting
projects.

Do not know
4%

Figure 5 : Awareness on M&V Protocol

Among those saying that they are conducting M&V activities, data on metrics that affects
the energy consumption is recorded and the progress towards meeting the project’s energy
saving objectives is measured from time to time. Only a very small number indicated that
they are currently requesting M&V reports by vendors/suppliers whom they are contracting
to retrofit with new lights.

4.5
4 - M Yes
35 - H No
3 .
25 -
2 .
1.5 -
1 .
0.5 -
0 -
Data on metrics Data on metrics Consideration of Measurement of Assessment of Contract other
that affects the that affects the training needs of the progress completed companies to
energy energy M&V skills  towards meeting project about support
consumption are consumption the project's  energy savings developing M&V
being recorded and costs to be energy saving and bring results report
occured after EE objectives from to apply for new
implementation time to time projects
are being
recorded

Figure 6 : Implementation of M&V in Municipalities

13
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Barriers and Need for Assistance to Adoption of Advanced
Street Lighting Projects

In the survey, municipalities were asked whether specific budget and time for allocated for

implementation of EE street lighting and rate a number of key barriers to implementing EE
street lighting.

30% of respondents indicate that their municipalities have specifically allocated budget and
manpower for implementing EE street lighting projects.

The findings show that most municipalities are still facing several key obstacles and
challenges in implementing EE street lighting projects such as High-cost of EE street lighting
technologies (Average Rating = 3.64), Budget (Average Rating = 3.48), Contractor’s after sales
service (Average Rating = 3.48), Confidence in EE street lighting technologies (Average
Rating = 3.44) and Knowledge & insufficient skilled staff for M&V (Average Rating = 3.44)
respectively (see Error! Reference source not found.).

As one respondent from the Pathumthani Provincial Administration Organization pointed
out, the LED price was still high so they still purchased some HPS to replace the old ones. If
having enough budgets, LED technology would be considered. Issues related to high cost of
EE street lighting technologies and budgetary restrictions clearly proved to be barriers to
moving forward.

Table 5 : Barrier Levels of Implementation of EE Street Lighting Project

Barriers of

Implementation . Most Very s ?omewhat . Least ?{::irigf SD.

of EE Street important Important important important Mean

Lighting Project 7

Budget 5 9 6 3 2 3.48 1.194
(20%) (36%) (24%) (12%) (8%)

High cost of EE 3 14 5 2 1 3.64 0.952

street lighting (12%) (56%) (20%) (8%) (4%)

technologies

Confidence in EE 2 10 10 3 0 3.44 0.820

street lighting (8%) (40%) (40%) (12%) (0%)

technologies

Knowledge and 2 7 14 2 0 3.36 0.757

expertise of (8%) (28%) (56%) (8%) (0%)

contractor

Reputation and 2 9 11 2 1 3.36 0.907

trustworthy of (8%) (36%) (44%) (8%) (4%)

contractor

Contractor's after 5 6 11 2 1 3.48 1.045

sales service (20%) (24%) (44%) (8%) (4%)

Lack of financial 5 7 9 1 3 3.40 1.224

support (20%) (28%) (36%) (4%) (12%)

Long payback 4 7 9 2 3 3.28 1.208

period (16%) (28%) (36%) (8%) (12%)

O&M costs 3 9 7 4 2 3.28

14
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{12%5 ' -(36%) ' .(28%)- '(15%)- - (.8%).

Knowledge and 4 4 11 3 3 3.12 1.201
insufficient (16%) (16%) (44%) (12%) (12%)

skilled staff for

O&M

Knowledge and 5 8 8 1 3 3.44 1.227
insufficient (20%) (32%) (32%) (4%) (12%)

skilled staff for

Mé&V

The municipalities were asked to rate types of assistance that would be most useful to them
in adopting EE technologies.

Error! Reference source not found. indicates that they would benefit from provision of
training of O&M personnel (Average Rating = 4.08) and technical knowledge e.g. techno-
economic assessment and procurement (Average Rating = 3.96). Note that the financial
assistance was rated as the third most important factor.

Table 6 : Required Assistance Levels of Implementation of EE Street Lighting Project

Assistance

Required to Average

Imglement EE . Most Very Important ?omewhat . Least Ratinzl S.D.
. . important Important important important

Street Lighting Mean

Project |

Financial 9 10 2 2 2 3.88 1.235

support (36%) (40%) (8%) (8%) (8%)

Technical 11 8 2 2 2 3.96 1.274

knowledge e.g. (44%) (32%) (8%) (8%) (8%)

techno-

economic

assessment and

procurement

Testing of 7 10 4 1 3 3.79 1.178

equipment (28%) (40%) (16%) (4%) (12%)

Training of 13 7 1 2 2 4.08 1.288

O&M personnel (52%) (28%) (4%) (8%) (8%)

15
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Profile Summary of the Projects

This section summarizes project information gained from PEA’s project documents, the
survey-questionnaire and interviews with PEA and municipalities.

Table 7 : Increase of Efficiency of Mercury Vapor Streetlights in Chonburi Area during

2013-2018
_Increase of Efficiency of Mercury Vapor Streetlights in Chonburi Area during 2013-2018
Project implementor/ Kasetsart University
contractor
Implementation / PPP / ESCO Model (Energy saving performance contract)
Procurement Model
Project period 2013-2018
Technology used Metal Halide 110W with reflector
Investment cost (million 715,625 (22.9 million Baht)
UsD)
No. of bulbs installed 2,500
Name of ownership agencies 1. Chonburi Municipality; and 2. Banbung Municipality
_ Chonburi.
On-site warranty in the 5 years
contract

Rating of street lighting lamp 250

before installation (W)

Average illumination (Lux) 23.85 (Average illumination before implementation — 11.75)
after installation

Annual energy savings per 825.63

lamp (kWh)

Annual cost savings per 63.7 (2,038.81 Baht)
lamp (USD)

Annual energy savings — 2

total lamps (million kWh)
Annual cost savings — total 156,250 (5 million Baht)
lamps (USD)
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Payback (Year)

O&M (Responsible parties
and what has been done for
O&M)

M&V (Responsible parties)

5.1

Contractor is responsible during the contract period. Although the
contractor has the responsibility, under PEA's agreement, to carry out
O&M and/or replacing broken street lights to municipalities, this task
will be normally done by municipalities for fast service delivery to the
communities. After the contractor has completed installation the
contractor will provide stock of installed lamps and luminaire types to
municipalities. The municipalities will manage and replace them by
their own. In case of out-of-stock streetlights, municipalities will call or
notify the contractors directly.

Contractor

17
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Replacement of Fluorescent Lamp Street Lighting (2x36W) with HPS
SON-T 50W in Ratchaburi, Pattaya and Chonburi Areas during 2010-
2023, implemented by the Kasetsart University

Table 8 : Increase of Efficiency of Mercury Vapor Streetlights in Chonburi Area during

2013-2018
Increase of Efficiency of Mercury Vapor Streetlights in Chonburi Area during 2013-2018
Project implementor/ Kasetsart University
contractor
Implementation / PPP / ESCO Model (Energy saving performance contract)
Procurement Model
Project period 2010-2023 (Installed in 2011-2012)
Technology used HPS SON-T 50W
Investment cost (million 2 (64.25 million Baht)
usD)
No. of bulbs installed 20,552

Name of ownership agencies Pattaya Area:
Sukhumvit 1, Sukhumvit 5, Sukhumvit 9, Sukhumvit 19/1,19/3,19/5,
Sukhumvit 25, Thappraya Soi 5, Soi Kor Phai, Soi Kor Pai 4 Yaek 1-5

Chonburi Area:
1. Nongprue Town Municipality; 2. Huai Yai Sub-District
Municipality; and 3. Nong Pla Lai Municipality

Ratchaburi Area:

1.Huaichinsi Sub-district Municipality; 2. Chedihak Sub-district
Administrative Organization; 3. Numpu Sub-district Administrative
Organization; 4. Lak Muang Sub-district Municipality; 5. Khaokwang

Sub-district Municipality; 6. Kophlapphla Sub-district Administrative
Organization; 7. Kaow Rang Sub-district Administrative Organization;

8. Khung Nam Won Sub-district Administrative Organization; 9.
Banrai Sub-district Administrative Organization; 10. Bang Pa Sub-
district Administrative Organization; 11. Nongklangna Sub-district
Adminitrative Organization; 12. Thapa Town Municipality; 13. Pak
Raet Sub-district Administrative Organization; 14. Don Rae Sub-
district Administrative Organization; 15. Tha Khoei Sub-district

Administrative Organization; 16. Tanaosri Sub-district Administrative

Organization; 17. Dantabtako Sub-district Municipality; 18.
Thammasen Sub-district Administrative Organization; 19. Ban Kha
Sub-district Administrative Organization; 20. Kaem On Sub-district
Administrative Organization; 21. Suanpueng Sub-district
Administrative Organization; 22. Nongpanchan Sub-district

Administrative Organization; 23. Pakchong Sub-district Adminstrative

Organization; 24. Banbung Sub-district Administrative Organization;
and 25. Lum Din Sub-District Municipality

18
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On-site warranty in the
contract

Rating of street lighting lamp
before installation (W)
Average illumination (Lux)
after installation

Annual energy savings per
lamp (kWh)

Annual cost savings per
lamp (USD)

Annual energy savings —
total lamps (million kWh)
Annual cost savings — total
lamps (USD)

Payback (Year)

O&M (Responsible parties
and what has been done for
O&M)

M&V (Responsible parties)

 Chonburi

| pattaya

10 years
FL 36W

8.62-9.65 (Average illumination before implementation — 4.95 in
Ratchaburi; and 1.6 in Pattaya area)
190.53-205.40

14.1-15.2 (452-487 Baht)
4.2
90,625-106,250 (2.9-3.4 million Baht)

5.1

Contractor is responsible during the contract period. Although the
contractor has the responsibility, under PEA's agreement, to carry out
O&M and/or replacing broken street lights to municipalities, this task
will be normally done by municipalities for fast service delivery to the
communities. After the contractor has completed installation the
contractor will provide stock of installed lamps and luminaire types to
municipalities. The municipalities will manage and replace them by
their own. In case of out-of-stock streetlights, municipalities will call or
notify the contractors directly.

Contractor
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Medium scale demonstration of LED technologies in North (Group 1)

and Northeastern (Group 2) Regions during 2014-2019, Implemented by

L&E

Table 9 : Medium scale demonstration of LED technologies in North (Group 1) and
Northeastern (Group 2) Regions during 2014-2019, Implemented by L&E

Medium scale demonstration of LED technologies in North (Group 1) and Northeastern (Group 2)

Project implementor/
contractor
Implementation /
Procurement Model
Project period
Technology used
Investment cost (million
UsD)

No. of bulbs installed
Name of ownership
agencies

On-site warranty in the
contract

Rating of street lighting
lamp before installation
W)

Improvement of

L&E
PPP / ESCO Model (Energy saving performance contract)

2014-2019 (installed in 2014)
LED 90W 230V
3.37 (108 million Baht)

6,000

Group 1 - North: Chiengmai and Nakornsawan

1.Chiengmai - Department of Rural Roads and Department of
Highways; 2. Lampang - Lampang Municipality; and 3. Nakornsawan -
Nakornsawan Municipality

Group 2 - Northeastern: Nakornratchasima

1. Department of Rural Roads; 2. Department of Highways; and 3.
Nakornratchasima Municipality
| Chiang Mai

Nakhon Sawan

. Nakhon Ratchasima

| ® Group 1
H @® Group 2

5 years

HPS 250W

>15
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illumination (Lux) after
installation

Annual energy savings per
lamp (kWh)

Annual cost savings per
lamp (USD)

Annual energy savings —
total lamps (million kWh)
Annual cost savings — total
lamps (USD)

Payback (Year)

O&M (Responsible parties
and what has been done for
O&M)

M&V (Responsible parties)

972.5

75 (2,401 Baht)

5.8

434,375 (13.9 million Baht)

8

Contractor is responsible during the contract period. Although the
contractor has the responsibility, under PEA's agreement, to carry out
O&M and/or replacing broken street lights to municipalities, this task
will be normally done by municipalities for fast service delivery to the
communities. After the contractor has completed installation the
contractor will provide stock of installed lamps and luminaire types to
municipalities. The municipalities will manage and replace them by
their own. In case of out-of-stock streetlights, municipalities will call or
notify the contractors directly.

Contractor
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Medium scale demonstration of LED technologies in Central (Group 3)

and Southern (Group 4) Regions during 2014-2019, Implemented by

Gero-Philips

Table 10 : Medium scale demonstration of LED technologies in Central (Group 3) and
Southern (Group 4) Regions during 2014-2019, Implemented by Gero-Philips

Medium scale demonstration of LED technologies in Central (Group 3) and Southern (Group 4)
Regions during 2014-2019, Implemented by Gero-Philips

Project implementor/
contractor

Implementation /
Procurement Model

Project period

Technology used
Investment cost (million
UsD)

No. of bulbs installed

Name of ownership agencies

On-site warranty in the
contract

Gero-Philips
PPP / ESCO Model (Energy saving performance contract)

2014-2019 (installed in 2014)
LED 110W 230V
3.37 (108 million Baht)

6,000

Group 3 - Central: Pathumthani

1. Pathumthani Town Municipality; 2. Pathumthani Provincial
Administration Organization; 3. Tha Luang Sub District
Administration Organization, Sanan Rak Town Municipality,
Klongluang Town Municipality, Thanyaburi Sub-district Municipality,
Pathum Thani Highway District, Tha Klong Sub-district Municipality;
and 4. Department of Rural Roads

Group 4 - Southern: Phuket and Koh Samui

1. Phuket City Municipality; 2. Vichit Sub-District Municipality;
3. Kathu Town Municipality; and 4. Koh Samui City Municipality

"Pathumthani }
S NS
T 0 e Phuket
| [ 2 Group3 i
® Groupd
5 years

Rating of street lighting lamp HPS 250W
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before installation (W)
Improvement of illumination
(Lux) after installation
Annual energy savings per
lamp (kWh)

Annual cost savings per
lamp (USD)

Annual energy savings —
total lamps (million kWh)
Annual cost savings — total
lamps (USD)

Payback (Year)

O&M (Responsible parties
and what has been done for
O&M)

M&V (Responsible parties)

>15

972.5

75 (2,401 Baht)

5.8

434,375 (13.9 million Baht)

8

Contractor is responsible during the contract period. Although the
contractor has the responsibility, under PEA's agreement, to carry out
O&M and/or replacing broken street lights to municipalities, this task
will be normally done by municipalities for fast service delivery to the
communities. After the contractor has completed installation the
contractor will provide stock of installed lamps and Iuminaire types to
municipalities. The municipalities will manage and replace them by
their own. In case of out-of-stock streetlights, municipalities will call or
notify the contractors directly.

Contractor
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Annex I - Survey Questionnaire

Tnsamistfsziiums 1ma Tu Tagmsivdszansmmma e Inu Ioun Twwamana C TC I q

CLIMATE TECHNOLOGY CENTRE & NETWORK n"l'ilﬂ'ﬁ'lqul‘ldﬂﬂ

PROVINGIAL ELECTRICITY AUTHORITY

o @ ar s
wuugauMNdayaieAuNIATMsAuMsTulsalss@ninmnnisldnasnurasdanivauu
TuwammaAus

-
(MULRBUANENSTU LA MUNTINB9T49)

AEuad

wwLgeLNatiLi danaulagaa i aAdenisseudamat (International Institute for Energy
Conservation - IIEC) Waiflunissausandieyaifaiuntssaiiusnmentskuntsdamsuazfunlps s Andnwnng 4
waswaesiainuhnmeaung nglilassnnsannianiiassudnaniziniadaupinag (nwn,) fuazetaussguel
Uszanwusumalulagigieinta (Climate Technology Centre & Network - CTCN) %ﬂg@ﬁliﬁﬁumnmmnﬂu
ﬂ?xTrJ*nﬁ@simi‘iaﬁwi‘umTﬂ?:lﬁmm:muwwzmq'lun13@Wqﬁm‘:‘ﬂlum:?ﬁmﬁummmi'n'n‘ﬁ\m?w,ﬂzﬂ%’uﬂ@a

Usz@ninnndsnuresivaunluamnmaunaiolszmane b

TnnUsessArainisdrsaa

Lﬁﬂﬁmamsﬁ’nsmﬁﬁﬁmiﬁnwﬁLﬂm:ﬁuﬁ:dmﬁummmi‘mammﬁﬂﬁ”’mmiﬂi‘"uﬂ@qﬂi:ﬁw%mwwﬁwm
wadlanlvouu spsmsnsguakasdentingsiwouu seufsnpsnisnisnsadauazigailianistssudanasnu e
duarunmsailulannmadfudgadss@ninmnmslindsnudmiulaniounluaanang laamznssiiiumslu
nsaamsinasanutbiriiinanniouuaissasdedegfhusuauman

Ltuumumu%ﬂ:;;mﬁmﬁ'umm‘mimi‘é’mn'}:‘l,l,az‘iiauﬁﬁg\ilvmuu?: Thunuasunsdwiudninihe
UfriRnsuazmatinnaaunauia Usznaudian 6 gou liud

doudl 1 %Hﬂﬁl’ﬂﬂmmﬁ}mmmu@@umu

dow 2 ﬁmﬂmﬁ"ﬂ‘lﬂﬂmwﬁmmw asAmaiinasasdandiestiu

doufl 3 %ﬂs;qﬂLﬁmﬁumiﬁwLﬁuuwimsmqmﬁﬁﬁﬁ’lum‘a‘ﬂﬁlﬂ:@ﬂ?zﬁﬂ%mwwﬁ’wmmmiﬁu"lvlnuu
doudl 4 smsnsMsguauazdantingalanivinun

dowit 5 dmsnsNsRsaadnuasgainanislssudandsenu

daui 6 Toywuazfiamusuuriunisaniiuninlfulgessdninmmasaeslauinou
fmeuuuuseuninseming vl (O sivadintiernnsliinsubiousnananudues

- a o a a - A &g
”ﬂ?m’]fﬂﬂu meludun 17 WHAANTEU 2560 Auvinduaneiad 02 261-8615 WIRALUA

Kchertchutham@iiec.org winfifessdersznisla finsie Arunanus @ngassn vitanniqnsndil fndszny, IIEC Miued

s 02 662-3460-4"

25



Title of the report

' = 2 dr 2
AAUN 1 m’agamlﬂmmgm‘au LUUEUnIH

WiaEe agAnTTUnATaIdIN

901

=

=b.

o

\WRiRARGAD

= a
G

Tp-UNANS

RIS IREGTN

WU/ W / Bne

daudl 2 TayalouuaaunAua/ asAinsinasasdeuyiasiu

Auaulanlnouuluiuig
mihewiuiulatey

Tnelsznnmn

Tan (] Tignsnsaseyld

dszinnvisamaluladues
yaan g wiulau nouui il
LUANUNTDINUL 89U

Tnetlszanny

YADALAITUNT (Mercury vapor lamp) %
fmungunszyArinaslniniadeassvasalv R8T (W)
naaangaaLaaiaus (Fluorescent lamp) %
fmsunganszyriniaaluiieasrasviaanl TR (W)
vaanlaAENLIALAS (High pressure sodium — HPS)
v e ar 2 d‘ o T
fmaungonssyAniaslniiedusemasali RA (W)

wanm %

o

fmaungansryAadtamaen W e (W)

Tumumdaeyinu waaeuls

Wwdiguauazdantinglnouu

O @mihflumbaaneiiwas () dandii nwin.,
e dll & 1 1 & ar dll 173
U Brussnidndnlnemieawinu (U gfumanidndnaiag nin,

() & Wsmsey

Auoumdos Il amns T
auuAeal (kWh)

2560 :
2559 :
2558 :
() bignunsasey s

26




Chapter # & Title

_3-

' = o a a v ar a a
AIUN 3 nﬂ‘iﬂﬂbﬂu“ﬁﬂ‘iﬂ'\‘iﬂﬂﬁlﬂﬂuﬁﬂﬁuﬂﬂﬁﬂiﬂﬂ?QﬂSBaﬂﬁﬂﬂW'Wﬁ\i\i"l‘”‘ll'i’]\ﬁﬁﬂiﬂﬂuu

v e a9

i i = ] o = lﬂl o E.i‘ @) ﬂ’, = o
3.1 mbewvinuddousanlunsdnifiumsineaiulwouuiinig nvn. Jufdndedndrofeamululasenisdiulys

Usz@nsnninauuluaaiuiresnieaurnuialyd

() fidaudan (ngunmauAnindie 3.2) (] hifidaugan (ngnindnalidnnnadiae 3.3)

3.2 ngaunszylasanaiisdsz@nsnmian iouuiisnilunissanny nwn. aga (Erviunsudssinnwasaniuaz

wann luaifiiwlaen ngaunszy u weanwgasisawmus HPS, LED, nasauasdumi dlubiu saudaingalwii (w) aeanasn

Tunsdiney)

1. Tasans:

1%
ar

Amsial;

auulpnIouunuas:

“aaALIN waRA WL
uatszudmsiall (Gmawu) kWh
uatszudnsiall (Emawu) 1N

AANINIBINAS wAIN9LFuL sz @nininnasanusasianlvauu

2 o . (ot
O A O wiidie (O wdae () Lifidoxa
Wanszyszinmasssufiviseanuvinuddousaniunia,

= o‘: " wo [ & =4 -oar o o k3

[:] ﬂ"ITFIﬂI?NLLﬁZﬂ'ﬁ“ﬂﬂﬂﬂﬂﬂﬂua"ﬂﬁu?ﬂ’qﬂi‘m Llﬂtﬁi‘ﬂﬂi‘i&f‘ﬂqﬁﬂ‘]iWﬂ\i\ﬂuﬂ\‘mﬂU\ﬂu‘lﬁ nwa.
(] nsquanaziingsinmn
(] nsmsadpuasigainadssudandasu

(O fue Tulansey

3.3 lumdatanyinuinisandiunesnisialassnisfinunisliudgalss@ninmndsmdmiulavinouuinlaile

AL RuN1959uAL nwn. viseld

O ) il

¥ = % o o ' o s o - o - -
ii nganliszytfadalaindsevinuliianudidny lunislunisiar sanaiiunsmisiselasaniadia

s=zAnsnnmaanuazlanlnouu

FTALAMNEIAR

uaawinilaainlasanis - _ —
aniign | wn | thunans | ves Vingiign

UseMdANATIN

annslasafngizeunszan

L ]



Title of the report

o saww FEAUANNAIATY
HRaNWENlAaINIATINg

= 3 v
NINNgR an 1thunans uas UBENER

ANNANENIUE

anrldaneluGeaniguanasdaniings

Uiuilgeviatianw

AU UANANHDINITANILITULBINALNA (173

AUBINAARN ANIUTTLALIE YA%)

duanuaandtliiuissouuLasgu Ty

G RVIETEST!

P

Wenszymuazidenresinmisviralasnisiviaulanntiuneanan (Gvinunaudssinmuasaniouazvaen
Tminasu ngounszy iy vasavigeaisaigus HPS, LED, naanuasdun? dlufiu saudeinaaluin (w) aes

=il
uaam 1uﬂ?mﬂﬂ?qu)

1. TAseanns:

- a2

Ruamu: Ansiail:
AnaulaniauuiylFudsa:

PABALAN nann

uallsendnrioll () kWh
nadssudnsietl (Hansu) 1M

ALNINTBIUAY nAINsUFu gl s BnBnamnasnaaslanlnauu

& - . e
(a0 windin O wdae () lLiflfiexys

3.4 waf lEFuannsdfudgedss@vinmnislindsnuaesivouu lufuaoudaensy

. A e " & o . . . .
gmsnaifiagURwmAUWiasnuuluiuilasinsanas nasnsiul jalssdvinmnasnuaesdaninnuw

W JWld O Liddesys

gnsmaiinengyinssy luluiunlasainisanas ndansiulsadseaninmndanuasstaninnuu

(J1 6l O Lifdeya

' = a ar
daufl 4 msguanaztigednenlnouy

4.1 Topdawlug dseranufuiiuwmislaniowunsu safianonuidews lumauiazesiou el
(] 4 ) bild
fntnedaulunfladild Ussanmuiuiuis doeliineasdendavinmeulfedwls welwouwudy visedia

AMLAEMNE




Chapter # & Title

4.2 TanWlouuilavinnsuldeniselfutlgalssdninmnislnasanuudaniu WenfaueuiulaundsbilAzunng

wWanwiraliulgalse@nsniw digasnsgentingaiinead

()% (O 'ils O 'biddeua

al

4.3 Wefinaanana Tanlvhizegunsnidnga wieenvinuiuganiiunistentirguedlaield

Jw O bile

4.4 ngunliiseazidaniuulauiauaziinsgunsdjifnudestiisslumeanaesioy

AN /4 1938 7 1adla

maLnadintswuaulauneuasaasg s iROudeningeize

WALNAINITRMRANIN A NFURATEUIEIYARINTAIBNITTENTN JaRAAT A
Wuansdnwaidnweetednauiaiypainsanansndfjuimanulinudngesasd

neaiueuviali

=l k24 Ly ﬁ‘ = " o
MALUNAH ﬂf;muwmmmqﬂmmumLm‘ﬂ\mmmmu@ ] LLﬂ:‘ﬂﬂNUﬂg‘\itﬂ&liWﬂuu

(‘a‘ﬂﬂi:l.%’l azlua hGN)

wALNARNsAMUAsTEZaINsRTAdaLLazn g N tan Inouwbals

o

P o o = = v o aial .
WMALNAUNITNIUUANNBELAZAMMUAINITONAN Lﬂummmuu’mmua (83w FEN

thgegunsnilietinsdnauiala

=l = & = d} ar ar = ]
HNITNITTUN ﬂ')’]uBﬂﬂﬂﬂ"IS‘BJﬂ’EILIi‘NEI’NHﬂﬂqﬂiLWﬂwmuﬁﬂﬂﬂxﬁiﬂh

HIUN 5 mmsmimﬁ‘ﬂmqé'mLmz'ﬁgfaﬁNamsﬂswﬂhwﬁ'&mu (M&V)
= o o - s ar o 2 o - oA
5.1 MALIANNIIINKININIATIAIAka Rgaani s sendandsanusnlssgnaldlulassnisdfudgelss@nsnmnas

]

Tinaseuanslvinuuvisela
O # L] g (] Lafgan
finil TlsmszyTariiansaunanig i IPMVP (International Performance Measurement and Verification

Protocol), Aila M&V TntgunANLFimAnntewdanulng fusiu

5.2 Tasamadiunlgatlsz@nannmasa Inouuivinugiiuntssanty nuln.du viuddausaalunsdiiunmaadauay

= Ly o L A 1
'WKj,"’luN@ﬂ’]i‘ﬂT:WﬂﬂW@\N'}u‘W?ﬂle

O 4 O it

L ]




Title of the report

b o ] @ o ) o = g ar
tnHgauiu tﬂﬁ‘ﬁi‘;’iugﬂ’ltﬁi&ﬂ'ﬁﬁ]?’ﬁ’l ﬁLLﬁ;‘iWQ@uN@ﬂ’lﬁ‘ﬂi‘:HElﬂ

() Enwtinilusmoganuvinuies Wi nwln.

ar

& ar d. 1w ] 1 2 d} [
() fumanidndnalaemioesuring U Bumaniidngnalae nvn,

() & tsnszy

1 &
5.3 Iassmadfunlgatlss@nnmuseninouuiinissayinuandiunings s insinvuawazanifiunismmadnuas
Againanslsendandsanielal

() # O it

b3 - 3 " Ei" Eilﬂl ' = o = o - Ly o o ar
NITRIADUTBATMNTHATUETIU Tunsainvitutinisabiunimaadn LLﬂ:WQ"IuNﬂﬂ’]?ﬂT:Wﬂ@W aauluia Nmsﬂ?‘uﬂ@q

Usz@vinnuaes Wnuwindagauwinulianivnisnes

ADH 3/ 193 7 'lail

wmaLnaiinafiusussdiays tuiindndaulssneg Aflnasdentsldindaany

2

maa i nldvaslaulvoun dalueinaueesssuunasadng Wusu

= o L4 i o =4 ' & ell = c&'
WMALIANNTINUTIDYARRZATUD afiunaunislindanuitesn e efaziindu

ludaamaanisifudlss

mALNaiin1sAansIANFesnsEinaustasypansiNa W inwe Tudu

nsnsaadanasigauiiansUssudanasanuvizels

finnsmsaadn Uszifiuanaduniineinisussgingussasdnisyszudandanu

4 5| n!: = Il
1aalATINIYTANIATANT Lﬂuﬂﬁ‘ﬁﬂ?']’)‘ﬁi"ﬂiu

wALIatinsUszdiulasanisiugaaialufinunisyszudanasanuuaiindesys

i lmsann sy

MALAAHNITAN9MIREUNNBUENHIE98 lUN1sa AN Ie9UN TR TR LAY

AgatiuanTsUszudandsanu

. = °
daui 6 Tauauanus TywuazalassalunisandiulasimsliulgelssAnsnwnanurasliouu

' ' = ar 4 d‘ ° - 13 ar - ;23 o
6.1 humdsnurinuinisanasssulszanns viseyaansineatiulasansiunst fudgadlss@ninannislindaanu

Tnaannzvialal
() # O it
6.2 uAndezlniiuglassalunisiansnanitiuninsnisUfud galss@nsnmnasnudmiv inuwsesnoesuying
s FEAUANAATY
aulassalunisaniiiulasanise - . S—
mn\nqn HIN drunans uag N‘E!I\"Iﬂ;ﬂ

1. SUUTZNA0L / ATHAINITONNNNTERY

2. funuga Tasnouudss@nsnmgasaium

3. pondesulumaTuladimiouu

Usz@nsnnga

4. ANNE [ AT Ry TRAg LN

30



Chapter # & Title

R FEAUANNAIATY
guassalunisaniiulasanis

- 03 03 -
I\I'Iﬂ‘i’li!ﬂ qn unans Uuag H‘EEIVII!FI

- R v
. ’H'BLR‘F;NLL@SFI‘]'\NUTL’ﬂ’ﬂﬂ'ﬂﬁl’ﬂ\!fﬂé‘umuﬁ

. NMELENNIUAINISIN RS UMHN

. STUTNANALNUUNY

5
6
7. 1A U ua LAY
8
9

. Anldenelunsguanazdantings

10 yAanslifanmdnnlunmsguanazden

PPN

g

11. ypanslidanudrunglumanmadauas

AWATZANANTUIZUEANA I

B Wamezy

6.3 uAadAudaamae lufwlananiudsslamivimbesuinulunisdtiulasanisdful sz @nsnaninouu

- . = sEAUANNEIATY
ANNTeuaR lunIsALINTATINTG

andiga an thunans | vian asiign

1. Runusduayu

2. ANIeRefyATA 1Y n1sssiie

d‘i‘ 4 ' o dlv & i
mmiu‘[ﬁﬂwmmmmm::ﬂum NI TA9AAN

3. nmsvaasuginenl

4 ' 1 } 4
4, min]ﬂﬂmmuqﬂmm"Luummmmulumu

NERUARAZTEN1ING

B Wrmszy

[ <
6.4 wmummmuq

» &
“YRTBLAMNYINUNIINART IR MDLLUUAB LN

31




Title of the report

32









