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ABSTRACT

Electricity generation from rooftop solar systems is one of the key approaches to promoting
renewable energy in Thailand. However, the installation and maintenance of such systems pose safety
risks to workers, particularly from falls from height, electric shocks, and falling objects. This study aims
to examine relevant safety standards both domestically and internationally, identify gaps in Thai
standards, and assess risks using the What-If Analysis technique in order to develop appropriate safety
guidelines. 14 standards and manuals from the United States, the United Kingdom, Australia, New
Zealand, and Thailand and a risk assessment framework based on 10 key issues were analyzed. The
risk assessment results revealed that 93% of the case scenarios were at an unacceptable risk level.
Based on these findings, a practical safety guideline was developed for the installation and maintenance
of rooftop solar systems, along with a pre-work safety checklist that can be effectively applied in practice,

tailored to Thailand’s actual working conditions and constraints.
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Table 1 Assessment of the probability

Level Details
1 Rare - has not occurred in the past 10 years or more.
2 Low - event may occur once within a 5 to 10 year period.
3 Moderate - event may occur once within a 1 to 5 year period.
4 High - event is likely to occur more than once per year.

Table 2 Severity Level (Impact on Individuals)

Level Severity Details
1 Minor Injury is minor and can be treated with basic first aid.
2 Moderate Injury requiring medical treatment.
3 High Severe injury or iliness resulting in significant harm.
4 Very High Fatal or permanently disabling injury

Table 3 Risk level assessment

Level Result Details
1 1-2 Low risk
2 3-6 Acceptable risk
3 8-9 High risk
4 12-16 Unacceptable risk
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Table 4 Risk assessment of rooftop solar power system installation and maintenance using What-if Analysis

the roof is unstable?

Topic Standard What-If Question Impact Probability Severity Result
(1) [11, [2], [5], [6], 1) What if the roof is old or | - The roof may collapse. 4 4 16
[8], [9] not structurally sound? - Fall from height
(1) [11, [2], [5], [6], 2) What if the roofing - The roof structure 3 4 12
[8], [9] material is fragile? cannot support the load.
- Fall from height
(2) [11, [2], [4], [5], 3) What if the ladder used - The ladder may slip, 3 4 12
[71, [9], [11], [14] to climb onto the roof is break, or topple over.
unstable or defective? - Fall from height
(2) [11, [2], [4], [5], 4) What if the ladder is not | - The ladder is damaged 3 4 12
[71, [9], [11], [14] checked before use? or broken.
- Fall from height
(2) [11, [21, [4], [5], 5) What if the access to - Moving the equipment 4 3 12
[71, 9], [10], [11] the roof is narrow or is difficult.
blocked by obstacles? - Difficult to access the
roof.
(2) [2], [5], [7], [11] 6) What if there are no - Fall from height 3 4 12
handrails or equipment to
assist with climbing up and
down?
3) [11, 2], [3], [4], 7) What if workers do not - Fall from height 4 4 16
[5], [6], [7], [8], wear personal fall
[9], [11], [13], [14] | protection equipment?
3) [11, 2], [3], [4], 8) What if the anchorage - Fall from height 3 4 12
[5], [6], [7], [8], point for the fall protection
[91, (111, [14] lanyard is weak or
incorrectly installed?
3) [3], [14] 9) What if personal fall - Damaged equipment 4 4 16
protection equipment is not | - Fall from height
inspected before use?
(4) [11, [81, [9], [11] 10) What if the roof has a - Fall from height 3 4 12
high slope or steep pitch?
(4) [11, [2], [3], [4], 11) What if temporary - Fall from the roof edge 3 4 12
[5], [6], [9], [11], guardrails are not
[12] installed?
4) [11, [2], [3], [4], 12) What if no danger - Fall from the roof edge 3 4 12
[5], [6], [9], [11], zone is marked around the
[12] roof edge?
(5) [11, [8] 13) What if there is no - Fall from height 4 4 16
walkway provided on the
roof?
(5) [1], [8] 14) What if the walkway on | - Fall from height 4 4 16
the roof is slippery?
(5) [1], [8] 15) What if the walkway on | - Fall from height 3 4 12
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Table 4 Risk assessment of rooftop solar power system installation and maintenance using What-if Analysis.

(continue)
Topic Standard What-If Question Impact Probability Severity Result
(6) [11, [2]1, [5], [6], 16) What if the power - Electric shock 3 4 12
[71, [8], [9], [13], supply is not disconnected
[14] before starting work?
(6) [11, [2]1, [5], [6], 17) What if overhead - Electric shock 4 4 16
[71, 8], [9], [13] electrical distribution lines
are not safeguarded?
(6) [11, [2]1, [5], [6], 18) What if the worker - Electric shock 3 4 12
[71, [8], [91, [13], does not have sufficient
[14] electrical knowledge?
(6) [11, [2], [5], [6], 19) What if the electrical - Electric shock 3 4 12
[71, [8], [91, [13], system is not checked
[14] prior to performing the
task?
(7) [11, [2], [4], [5], 20) What if proper lifting - Lifting injury 3 3 9
[71, [9], [11], [14] equipment is not used?" - Equipment damage
(8) [5], [6], [7], [8], 21) What if the scaffolding - Scaffold collapse 3 4 12
[10], [12], [14] is unstable? - Fall from height
(8) [10], [14] 22) What if the scaffolding - Scaffold collapse 4 4 16
is not checked prior to - Fall from height
use?
(8) [10], [14] 23) What if the worker - Fall from height 3 4 12
does not have adequate
knowledge?
(9) [8], [91, [12], [14] | 24) What if no danger - Falling objects 3 3 9
zone is established? - Injured
9) [1], [6], [8], [9] 25) What if no safety netis | - Falling objects 4 4 16
installed? - Injured
9) [11, [6], [8], [9] 26) What if the safety net - Falling objects 4 4 16
is not installed correctly? - Injured
- Cannot support the
load
9) [11, [6], [8], [9] 27) What if the safety net - Falling objects 4 4 16
is not large enough to fully - Injured
cover the work area?
(10) [11, [6], [7], [8], 28) What if heavy rain or - Slippery surface" 4 3 12
[11] strong wind occurs during - Fall from height
the work?
(10) [11, [8] 29) What if workers are - Dehydration and 4 3 12
exposed to intense sunlight | heatstroke
during the work? - Fall from height
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Safety Manual for Solar Roofft

and Mair

1. Site Planning and Assessment

Check the roof structure to ensure it can
support the weight of the panels and
equipment. Consider roof materials, slope,
fragile surfaces, and anchor points for fall
protection equipment. This should be
conducted by a licensed engineer to ensure
safety in both the short and long term.

2. Solar Rooftop System Design

Ensure there are no hazards during
operation.

3. Permit Application with Relevant
Authorities

Check local regulations.

4. Preparation of Tools and Materials
Check the integrity of tools such as dills,
solar panels, and wiring. Consider using
lifting equipment appropriate for weight and
height, such as cranes, hoists, or aerial lifts,
and inspect them before use.

5. Roof Access

Consider using stable scaffolding or ladders
with handrails as appropriate. Install anchor
points and lifelines before ascending the
roof. Wear complete personal fall protection
equipment throughout the operation.

6. Installation of Support Structures

Avoid walking on fragile materials. Walk or
operate on roof walkways. Wear personal fall
protection equipment and operate under a
supervisor who verifies the stability of every
mounting point.

7. Solar Panel Installation

Lift panels onto the roof using appropriate
equipment. Avoid walking on fragile
materials; walk/operate on roof walkways.

Wear personal fall protection equipment.

Work during appropriate times, avoiding
strong winds or intense sunlight. Check the
tightness of every panel's fastening and
organize cables neatly.

8. Electrical Equipment Installation

Shut down the electrical system before
starting work. Check the voltage before
touching or connecting. Avoid routing cables
in a way that may cause friction or
accumulated tension. Wear appropriate
protective equipment.

Groundi
9. y

Shut down the electrical system before
starting work. Check the voltage before
touching or connecting. Avoid routing cables
in a way that may cause friction or
accumulated tension. Wear appropriate
protective equipment.

10. System Testing

Must be performed by a licensed electrician
or engineer only, while wearing appropriate
protective equipment.

11. Decommissioning, Tool Storage, and
Site Cleaning

Carefully remove equipment from the roof
area. Consider the appropriate relocation of

equipment from the site.

Additional Regulations and Measures

1. Personnel must pass training courses in
Solar Rooftop Installation, Working at
Heights, and Electrical Work Safety.

2. Consider weather conditions; if there is
heavy rain, work should be temporarily
suspended. If the weather is extremely hot,
rest areas should be provided for workers at

intervals.

b) Pre-Work Safety Checklist

Figure 1 Safety Guidelines for the Installation and Maintenance of Rooftop Solar Power Systems



133N maasuasina lulad yniingnansasmans 107 15 aUun 1 2569

Pre-Work Inspection Checklist for Solar Rooftop Installation and Maintenance

Date; Location: Inspector:,

1. Structural and Roofing Material Assessment

72

D The roof has fragile areas or skylights.

D Roof slope: Identify slope degree.

D Verify that the roof structure is stable, strong, and safe for work.

D Assess the type and strength of the roofing material: Identify roof type.

2. Work Area Access Assessment (Roof)

obstructions.

3. Work Area Preparation on Roof

l:l Necessary to install safety netting.

D The area/access points for ascending and descending the roof are sufficiently wide and free off

D Access requires scaffolding or other lifting equipment.
I:l Access via ladder is required/possible.

D Roof height for preparing scaffolding and ladders: Identify height

I:] Necessary to provide safe walkways or crawling boards.

D Necessary to install edge protection systems (fall prevention).

D Necessary to install safety netting. (Note: Repeated in original text)
4. Assessment of Other Hazards in the Area
I:] Verify safe clearance distances from overhead power lines.
D 22 kv Distribution System: Clearance of at least 1 meter.
l:‘ 22 KV - 115 kV Distribution System: Clearance of at least 3 meters.
D Sufficient space for safe lifting and moving of equipment.

: Specify equipment required for lifting .

I:] The roof has anchor points for Personal Fall Protection Equipment.
D Verify that workers have completed necessary training.

(Includes: Working at Heights, Electrical Safety, Solar Rooftop Installation/Maintenance).
D Personal Protective Equipment (PPE) must be prepared.

Specify required protective equipment :.

Figure 2 Pre-Work Safety Checklist

Aa I3
9717

\‘nu’ifﬁ’saﬂ”uf‘:ﬁf@qﬂi:mﬁlﬁaﬁnm
mwmJaa@ﬁ‘mlaagﬁﬁﬂamﬂumsa@@%LLa:
thysinsszuunia Wihnwssnuuaiafiad
vunasnluusSunvadlssinalng lapandany
AenzAlSaufisuanespuanalssansain
voludseinauazansdseing wiounsdseiin
AMULALILTISEUURI BIaTia What-If Analysis
Lﬁaizqiz@”uL%im"uamammuLLazw”wm
wwansanudsaansfisunsasiilulgldes el
13U Jueu adrslsfienn 9uisodisnunm
wamnAndnlaluursdn 1t nfindaya

\BadTumangU Juanuate thataTuaany

1 di A v n:i Aa wva A
Widetauazszriandyminnulunialfiidess
m&lﬁdmwmaauﬁﬁ'aagjﬁaﬁ%aﬁUmi

g tﬂl o 1 Iﬂl a a =)
mnaaﬂuwu‘nmim IWaU szt nUIzaNTA N

YBIBWININLRUD
csi"mauqm
mamauqmms‘lﬂﬂwmug J4n1a e

'
a

wi9ud14 9 Alddays dilemnasgiudiu
AN aaaNNNYITINUILUUNAA IR
o A € o A &
WRIIBURIDN AT UNIAIA TIvTnizlowml
1l x:a' ] a 6 a d'
At19898aN1IIATIZA LAY ST A UAN UL RS I

a o

&
JIWIEW



133N maasuasina lulad yniingnansasmans 107 15 aUun 1 2569 73

LANF1TA19DI
NPNIZTNIY BIMBANIAIZINLUNITUIAS
M UazdtinnIIeInaANNLaaany
91T10W1NY WATENWIAR BN LIUANT
FrarwAnanu Wi w.e. 2558, (2558,
6 NUNIWUT). 717799 1UIUNBI. LEN

132 qaufi 7 0 Wi 1-7.

NPNITNI fImnav1aIgIulunisuinag
M UazdtinnIIeInaANNLaaany
91T10uNNY wazEnILIaRaN AT
B9 A I RURI NIRRT W. 4.
2564. (2564, 1 w1au). 3171997
WUN®. LAY 138 aouil 14 n Wi 11-
13.

NPNITNI fmunav1aIgiulunisuinag
AANT wazdinnIanaNNlaaans
91T10WINY WAENILIAR BN IUANT
o lugoufindsuwasnsainnisan
ﬁnﬂ‘ﬁqaLLa:ﬁmWﬁ'umm”aqns:Lﬁu @n
RAK LATWINANY Lazanmsanad iyl
MTHLAUNIBTOITUIRG W.A. 2564,
(2564, 2 HWAN). TITAINIBUNB. La
138 @oufl 15 n i 51-56.

i:Lﬁwmukamuqmmﬁﬂﬁwﬁ@hwﬁ”nmmsﬁ
M3UIBEHAT Y NMIUTELINAINNLEE
LRZNIIATIUN I BLITHITIANITAN
L¥E9 W.61. 2543, (2544, 20 TnuIBn,).
TN, AN 118 AaunLeL 58
3 AN 28-55.

ﬂww"’@umwé‘wmﬂ@Lmul,l,a:akﬁnﬁwé’amu.
(2555). N1THNAA WA 191 WAII T4

§Jyan 1"7@78{. NTENTINAIG.

UIzmMAnTuRIRANIUAZAUATAILTING 1304
wanun ot 35ms uazIewlunisdwam
aamm‘uLLa:ﬂauqunwslﬁﬁd§ﬂuI@ﬂ
3@7N7. (2564, 30 WOAINIEW). 31971997
WLUNW. L8N 138 AauiLay 293 3 Hi
27-32.

ms"[%lﬂw&hunﬂﬁmﬂ. (2567). 41913914117
UfvGnudreaudaanny v1udaes
seyunITHAa W W19 WA U
ugvariadianaduunasnl (Solar
Rooftop).

gu1auT19nan Wi uazi3adnalne. (2566).
ﬂﬁaﬂ’liﬁﬂﬁﬁiizﬂﬂwﬁwIZ‘V\/‘VV’W’ITI
WEIITUUFIDIANETAAGIUUAIIAT.
TEMCA ACADEMY.

H. Whakatutuki. (2012). Best practice guidelines
for working on roofs. Ministry of
Business, Innovation and Employment

(MBIE).

New South Wales Government. (2009). Safe

work on roofs. WorkCover NSW.

U.S. Department of Labor Occupational Safety
and Health Administration. (2015).
Protecting roofing workers. OSHA.

SafeWork NSW. (2021). Guide to safe solar
panel installation. SafeWork NSW.

Solar Energy UK. (2020). Industry best practice
manual 2.0: Guidelines for the operation
and maintenance of rooftop solar

photovoltaic systems. Solar Energy UK.



133N maasuasina lulad yniingnansasmans 107 15 aUun 1 2569

The National Renewable Energy Laboratory.
(2018). Best practices for operation and
maintenance of photovoltaic and energy

storage systems (3rd ed.). NREL.

Health and Safety Executive. (2020). Health and
safety in roof work (5" ed.) HSE.

74



