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EXECUTIVE
SUMMARY

By the end of 2018, the total number
of solar panels installed worldwide produced
500,000 megawatts (MW) of electricity, a 24%
increase from the previous year. This number,
however, was only 2.6% of the total electricity
consumed worldwide that year.

The three countries with the highest
proportion of electricity generated from solar
panels in 2018 are Honduras (14.0%), Germany
(7.9%), and Greece (7.5%). Thailand ranks lower
than the average world rate, at only 2.3%.

What is more concerning is that more
than 90% of solar power installations in
Thailand are large-scale solar farms instead
of solar rooftops on households. This is true
despite technology advancements giving
consumers the ability to produce electricity
in their rooftops. Besides helping homeowners
minimise the cost of electricity bills, solar
rooftop electricity can also become a means
of income through sales, turning consumers
into prosumers.

The most viable policy solution to support
installing solar panels is using the 'Net metering'
system. This simple method requires the least
amount of investment and cuts the need to buy
additional meters, equipment to prevent reflux,
or install batteries.

Net metering is an electricity billing
mechanism that allows the flow of electricity
produced from the solar cells into the transmission
line during the day when most house owners
are not home. Electricity from the transmission
line can flow back into the house during the
night when the owners are back home. The
net usage is then calculated monthly as per
the meter reading.
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Many countries, wealthy and poor,
like the European Union, Australia, the United
States, Canada, India, Pakistan, and Kenya,
have widely adopted the net metering policy.
However, Thailand is yet to build a favourable
policy environment for it. Although Thailand
has promoted household solar power for more
than a decade, the installation challenges have
caused delays in the progress of solar rooftop
systems.

This report emphasises the need for a
net metering system in Thailand, with the aim
of installing a 3,000-MW solar rooftop system
within three years, followed by analyses of
far-reaching economic, social, and environmental
benefits. It will also address the concerns
regarding solar rooftop systems and suggest
solutions to enhance the security of power
systems, electricity costs, and the management
of expired solar panels.

Policy Proposal

The policy proposal in this report focuses
on using the net metering system to buy
solar-generated electricity from households
with installed solar rooftop systems, making
them the producers and consumers of electricity
at the same time.

Besides, this report proposes three
essential schemes to drive the policy:

A& Scheme 1: Installation of solar rooftop
system of one million households

This scheme proposes that the govern-
ment invest in solar panel systems for power
generation for one million households in three
years. Such an investment would generate
1.5 kilowatts (kW) of electricity at the cost of
60,000 baht per household.

This scheme will enable each household
to produce approximately 225 units of electricity
at a value of 855 baht per month. The remaining
electricity (after use) can be sold back to the
electrical system, producing extra income for

low-income households in the long run.

It will also add 1,500 MW installed
capacity into the system at an investment of
60,000 million baht. The 10,403 million baht
these households will save per year will result
in the return of investment within 5.77 years.

& Scheme 2: Installation of solar rooftop
panels in state hospitals

This scheme proposes that the
governmentinvest in the installation
of solar systems on state hospitals' rooftops,
in three size categories:

1,000 kW for approximately 120 large-
size hospitals at a total investment of 3,600
million baht. This will help the hospitals save
electricity costs of 6,935,000 baht per year
per hospital.

100 kW for approximately 800 district
hospitals at a total investment of 2,400 million
baht. This will help the hospitals save electricity
costs of 693,500 baht per year per hospital.

5 kW for approximately 7,250 sub-
district health promotion hospitals at a total
investment of 1,450 million baht. This will help
the hospitals save electricity costs of 34,675
baht per year per hospital.

Overall, this scheme will help 8,170
hospitals increase the installed capacity of
236 MW at a total investment of 7,450 million
baht, and will help the hospitals save a total
of 1,638 million baht per year with a return of
investment within 4.55 years

& Scheme 3: Installation of solar rooftop
panels in schools

This scheme proposes that the government
invest in the installation of solar systems on
schools' rooftops, in four size categories:

(1) 100 kW for approximately 720
extra-large-size schools at a total investment
of 2,160 million baht. This will help the schools
save electricity costs and earn an income at
a total of 693,500 baht per year per school.
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(2) 100 kW for approximately 1,982
large-size schools at a total investment of 5,946
million baht. This will help the schools save
electricity costs and earn an income at a total
of 693,500 baht per year per school.

(3) 30 kW for approximately 12,933
medium-size schools at a total investment of
11,640 million baht. This will help the schools
save electricity costs and earn an income at a
total of 208,050 baht per year per school.

4) 5 kW for approximately 15,368
small-size schools at a total investment of 3,077
million baht. This will help the schools save
electricity costs and earn an income at a total
of 34,675 baht per year per school.

This scheme will help 31,021 schools
increase the installed capacity by 735.12 MW
at an investment of 22,823 million baht. It will
help the schools save the budgets and earn
additional income at a total of 5,098 million
baht per year with a return of investment
within 4.48 years.

The cumulative total installed capacities
of all three schemes will be 2,778 MW with
an investment of 98,859 million baht in three
years. Moreover, electricity costs worth 18,628
million baht per year will be saved with additional
incomes for households, hospitals, and schools
with a payback period of 5.31 years. Over a
25 year timeframe, the benefits to the public
generated by the three schemes will amount
to 465,689 million baht.

When combined with the fourth scheme,
the installation of approximately 222 MW of solar
rooftop systems will increase the production
capacity by 3,000 MW. This can be achieved In
three years, using 74,000 households at 3 kW
each as well as the net metering system.
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Social and environmental benefits

The installation of rooftop solar systems is expected
to deploy 38,333 people for the installation work for over
three years, and 15,000 people will get maintenance jobs.
Together, these installations will create more than 50,000
jobs.

From an environmental perspective, the solar
rooftop systems will help reduce electricity generated by
natural gas power plants and greenhouse gas emissions
by approximately 1.48 million tonnes per year. In the
scenario that Thailand uses coal for power generation,
the installation of solar rooftop systems will offset
4.52 million tonnes of greenhouse gas per year. Such a
reduction of carbon dioxide, when compared to electricity
produced from natural gas, is equivalent to the absorption
capacity of one million rais (395,368.61 acres) of forest
areas with multipurpose plants (at 100 plants per rai
and 1.47 tonnes per rai per year of carbon dioxide
absorption rate).

If compared to electricity produced from coal, the
installation of solar rooftop systems will offset carbon
dioxide equivalent to the absorption capacity of 3 million
rais of forest areas with multipurpose plants. Additionally,
the electricity generated by solar rooftop systems will also
offset 804 tonnes of nitrogen oxides (NOx) emissions per
year that electricity production from natural gas would
emit. Similarly, in the scenario that Thailand uses coal for
electricity production, the installation of solar rooftop
systems will offset 10,098 tonnes of NOx per year.

Management of the security in electrical

systems over the next three years

As of October 2019, the total power generation
in Thailand is 44,443 MW, whereas the peak power
demand for the year 2019 is 30,853 MW. This means
that the country still has a reserve of 13,590 MW
electricity generating capacity. This reserve capacity is
44% of the peak power demand, which is 29% or 8,962
MW more than the recommended standard reserve of
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15%. These backup power plants can, therefore,
help produce enough electricity for years to
come.

Currently, the construction of a large-scale
power plant is ongoing. According to the Power
Development Plan 2018 (PDP 2018), the Thai
government will build seven more plants in
the next five years (2020-2024). These plants
include natural gas power plants as well as a
large hydropower dam in Lao PDR, increasing
the electricity generation capacity by 7,600
MW.

Since the beginning, the Electricity
Generating Authority of Thailand (EGAT),
together with the Metropolitan Electricity
Authority (MEA) and the Provincial Electricity
Authority (PEA), has been responsible for the
operations and management of the production
and power transmission lines.

According to their data, the difference
in electricity usage during Saturdays-Sundays
(weekends) vs. Mondays-Fridays (weekdays)
amounts to several thousand MW less.

In particular, during the early hours of
Sunday evening until the dawn of Monday,
electricity usage is significantly reduced. As
shown in the graph, a reduced electricity usage
of approximately 6,700 MW occurs during
21.00 hrs. - 04.00 hrs.

The EGAT manages the fluctuation of about
10,000 MW of electricity usage every week.

e Adecrease of 6,700 MW of electricity usage

during 21.00 hrs. of Sunday 15 September until
4.00 hrs. of Monday 16 September

* Anincrease of 7,200 MW of electricity usage
during 4.00 hrs. of Monday 16 September until
11.00 hrs.

e An additional increase of 2,000 MW of electricity
usage during 11.00 hrs. - 19.00 hrs.
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On Monday mornings, during 4.00 hrs. -
11.00 hrs., thereis a rapid increase in electricity
usage by about 7,200 MW. The fluctuations
continue with an additional increase of around
2,000 MW after 11.00 hrs until 19.00 hrs. when
the peak is reached.

All three electricity authorities (EGAT,
MEA, and PEA) have been managing the
fluctuations in the power consumption, which
requires management in the production
and the transmission line systems of about
10,000 MW every week. Hence, it is expected
that the management of the reduction and
increase of 3,000 MW solar-generated electricity
in the next three years will not pose any
additional challenges to the security of the
electrical systems.

Building long-term electrical system

security

This report proposes two groups of
solutions regarding the concerns about the
operations in the case of increased solar-gen-
erated electricity, i.e., of more than 5,000 MW.

& 1) Security in the national transmission
system

Solution 1: To manage the power plants that
are flexible to be more efficient. Pumped-
storage hydropower plants, biogas power
plants and small hydropower plants can increase
or reduce the power generation without
additional costs. Their systems could be
repurposed, with some incentives to enable
reduction or pauses in production when there
is solar power and to increase the production
during the evening and night times.

Solution 2: To invest in increasing the flexibility
of suitable large power plants, especially
natural gas power plants to enable the increase
and reduction of power generation faster and
at a lower cost.

Solution 3: To adjust the electricity rates as
per the Time of Use (TOU), making the rates
cheaper during the day and more expensive
during the night. This will be relevant, especially
in the early evenings, which should have the
most expensive rate. Under this scheme, large
power users, as well as other groups of users,
will be able to adjust their electricity usage
appropriately according to the TOU. To proceed
with this, the government may introduce a
'voluntary experimental electricity charge system'
and make it mandatory at the right time.
Solution 4: Is to design and manage electric
vehicles in such a way as to respond to electrical
system security. Upon returning to their
homes in early evenings or at night, the electric
vehicles will be able to plug into the electrical
system and supply the remaining electricity
for use in the houses from the batteries. This
can be done by developing an application
technology that will enable the electricity transfer
from the electric vehicles to homes or sell to the
electrical system. This will enhance the stability
and security of the electrical system during
the peak hours from evening until late at night
when the power demand decreases and is good
for charging electric car batteries again. With
such management, the more electric vehicles
we have, the more security in the electricity
system in the evenings.

Solution 5: Is storing electrical power in
batteries by either investing in small batteries
in households or buildings or investing in large
batteries at the power transmission line level
while the costs of storing electric power in
batteries are continuously decreasing.
Solution 6: It stores electrical energy in cold
or heat forms, which has a lower cost of power
storage than in a battery. For example, keeping
electricity as 'chill' in @ mini-PCM refrigerator
costs approximately 1.7 baht per electrical
unit. Likewise, storing electricity as hot water
in a small dT 40K water heater costs about 0.4

baht per electrical unit only.
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A 2) Security in the transmission line system
in each area

Solution 1: Is to match the demands between
solar rooftop electricity producers and
daytime electricity users such as shopping malls,
convenience stores, community malls, hospitals,
schools, etc., within the community. This demand
matching can allow the remaining electricity from
the solar rooftops to be more efficiently utilised
in nearby areas rather than sending to faraway
areas incurring higher costs and losses of
electricity in transmission lines.

Solution 2: Is to invest in connecting the power
distribution system in each area (feeder)
together from the original straight-line system
(similar to a herringbone system). Connecting
more and more feeder ends (into a loop system)
with an on-off switch can greatly increase the
stability of the electrical system.

Since the concerned electricity authorities
already allocate billions of baht of earnings as
investments in developing electricity transmission
systems, they should also plan and schedule
investment to develop transmission lines as
per these guidelines with a time frame that will
cover various areas throughout the country.
Solution 3: Is to adjust the transformers, either
change the settings or replace the units with
overcurrent.

Implementing and developing these
various approaches will enable more efficient
management of the power fluctuations generated
by solar and other renewable energy. In the
long run, it will help maintain the stability and
security of the electrical system in the transition
towards 100% renewable energy usage.

Guidelines for managing solar panels
throughout the lifespan

Lastly, this report proposes a guideline
for managing solar panels in three phases
according to the life cycle of their usage.

* Reduce: The most fundamental principle
of reducing the use of solar panels is
optimising the solar panels. This will reduce
the amount of new/unused solar panels
in the future by default. Also, proper
maintenance procedures will enable
the lifetime of the solar panel to be as
expected (i.e., around 25-30 years).

* Reuse: After 25-30 years of use, the solar
panels will be less effective, but can still
be used continuously. Thus, reusing these
old solar panels for other purposes, such
as pumping water for agriculture, will help
reduce the amount of new solar panels.
Besides, some damaged solar panels can
be fixed for reuse or sold to help build a
market for second-hand solar panels.

* Recycle: At the final stage of the lifespan
of solar panels, they can be recycled to
salvage materials such as glass, aluminium,
copper, etc. Approximately 85% of the
materials can be reclaimed. In the long
term, the International Renewable Energy
Agency (IRENA) is working on the research
and development to find efficient ways
for more materials in the solar panels to
be recycled. Solar panel recycling plants
will also be developed in response to the
increased number of expired solar panels
by 2030.
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& vrasnsi 3 nis@advs:uulsarsisaduu
kavA1IsvIS8uYoVSY

urasnastidualksguraavnuaado
s:uulsansisaduuKkavAEIKSUISLISUUDVST
TagngnatuuunavovisviRgudvd

(1) yuna 100 Aladad dksulsvisau
yunalkeywiFiy 31uduUs:uItu 720 1KY AQ
1JuIBuavnuAvKUQ 2,160 d1uuin Bvo:8Y
KIsviRuuds:kganrwWwina:gshelaiwy Uas
693,500 UNCIDIIKY

(2) vuna 100 Aladad dksulsvisyu
yunalkoy Shuduus:uneu 1,982 1Kv Aaiduidu
avNUALKUQ 5,946 d1UUN BVo:EI8TRISVISEU
Us:kgaAlwwnazgsneldiwy Ja: 693,500
UINCIDIIKY

(3) yuna 30 Aladad diksulsvisau
yuranalv vnuduus:ueu 12,933 1IKY AQ
10uduavnuLKUQ 11,640 d1UUIN BVo:¥IY
RIsviguuds:kganwWwnazgshelaiwy Uas
208,050 UINCIDIIKY

(4) vuna 5 Aladad dksulsvisguvuna
1an 91uduUs:ulu 15,368 11KV AaIduibu
avnunvKua 3,077 duundve:gdelkisvizsu
Us:kgamwwnia:gseldiwu Ua: 34,675 uin
CIDIIKL

SOUNAIUNasNISA 3 To:8dulRIsvIBau
31,021 1KY OA1dvniswaadaadviwugu
735.12 1un:dad Aaiduiduavnusounu
22,823 duun lago:goelRIsvisguUs:Kkagavu
Us:uneuna:isneldmurivkua 5,098 Suuinciot
KSoawisnAunuldmelunan 4.48 U
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I0osounY 3 unasnisd o:rnTKs:uU
TsasisaduuuuKkavANGRIdLNISNaaaaay
WUdu 2,778 1un:ad drgiduavnusounu
98,859 aiuunn (fus:g:=inan 3 U) na:5o¢
Us:tkdarwih (lazaswosieldimu) TRAutuiou
Isvwgnuia Tsviseu 16 18,628 auuindoal
ws:a:dusAunulus:gznatUs:uitu 5.31 U na:
KINAUDUQaoaagNISIZoIU 25 U unasns
AvanudokUs:Tesinus:sU 465,689 duuin

Mrasnisi 4 nasdados:uuTsarsisaduu
kavaUudaundiudnus:uieu 222 wn:Sad
Tago:a@advasiidouas1d 3 alajad
FUdU 74,000 Kav Tags:uunissudalwwniuu
Net-metering fiv:riks:uulsansisaduukavm
Tuus:inATngdi1dvniswaaiwudu 3,000
wn:3adfus:gznan 3 U auRldovnwuls

waus:lgsuinivdoaunazavinaasuy

nisdadvisaisswiiouaiasre:iilKiAa
n1s91vvuUs:uieu 38,333 aufunis@ado
aaaayivna 3 U na:gvrifKinanissioviu
Us:uigu 15,000 Aufunisquasnun KSosow
Aundsniifkinan1s31vv1uuInn31 50,000
ATNKULYIU

Tududvinadou s:uulsansswhouo:
gowaaniswaalwwronlsvlWwiAssssusa
avldiagovaanisdaosisisouns:onavid
Js:uieu 1.48 awuducaol KSok1nUs:idudn
UssinAlnga:ldarukuluniswaalwwi nisaa
dvlsarsswhauinudvnaiddivdus:aans
Udosmuisouns:onavldus:uicu 4.52 dudu
doU nudusuicunisaamsuaulaoanlsdiaa
avdvnand IaIlssuIfgunuMswaalwwiaoe
fAusssus@IguInIAuNIsQaguyaLWuURUN
TuABwssaullalunds:avd (dasidan 100 du
dols na:qadumisuouldoanlsdld 1.47 du
dolsdotl) In1Au 1 auls 1lagfided K3oKkIN
IRgunuMsWaalwwidlearuRuUsSUItUNISaa
msuaulaoanlydianavdvnaiddNNSGaay
TsansswhnuinuifeuiinAunisQasuyoLWuN
UaluAbwsseuldalunus:avAininu 3 auls

lagfided uonondu NMswaalwwionlsans-
swhaUgvgosaamsUassoanlsduaviulasiou
(NOx) 9 nniswaalwwidoennssssusidavia
804 dudoU TuriuavidudnukSorINUS:ITUIN
UssinAlngd:iSanuRuluniswaalwwh nisaadv
Tsasswhouinudvnaindivdusaanisldos
oonlsduovlulasipuavldus:uitu 10,098 du
cioU

ﬂ'\SUgK']SO‘-Oﬂ']SFD'lUL'JLUﬂ\)

Tuszuulwwnluzgov 3 Udvkin

Joyaritdvwaalwwinvkua tu 1dou
QanAw 2562 IMAU 44,443 1un:3ad fuytush
A2IWUARVMSWALIWWNGVaaKSoWA vovT 2562
IN1AU 30,853 1un:dad Svidmaowaalwwn
d1sovuovUs:inAguiiv 13,590 wn:dad Ko
Sova: 44 yovWA JogvnIwiasyusSova: 15
UINEY 8,962 1WN:3ad FvanuisndviauInow
Tsulwwhdsovikand IWowaalwwhiRiwevwold
onkalgyl

Avd godlsvIwwirvuralkey Afiaw
fioadv lla:sgrKualRasvomugulugow 5 Udw
KUN U 2563-2567 QUIIWUWCUUNANEDWaAIWWA
PDP2018 3n 7 Isv nulsolwWihfssssusna las
idouvunalkeyluus:inFand soundv:irdonaa
WUZUSNLINEY 7,600 IUN:30d

fudruN1SUSKISYANISS:UUNISWaQIIA:
anedvIwwaAnsWA RN enaankvus:inAlng
(NWW.) SoUAU NIslWWAuAsKalw (NWU.) las
msIwWwndounnmia (nWn.) didunisuiaana
dufivdoauu funda:duank msfalwwhsovduians
la:duoNag v:a0avni1IuIUNSHVLIUANS
kargwuiun:3ad Tagiaw:lugIvKkIANYDYIU
onag dvigiavovusunsinisidiwwifaa
avuln duisudoyaluniw nisidwwiaaav
Us:uatu 6,700 1Un3aci{ugiv 21.00-04.00 u.
wafvId1udsuns MsisWWrAIWUEgLIuDEY
s70182 avisufugov 04.00-11.00 u. TN
TEIWWawWuduUs:uieu 7,200 1un:3ad 1asf
WUWDUAQavIa:wudus:Kk31v3u dudinsiy
goaalugavkdoniu

ALATUKUDEVIUNTSIWWAY AUSKAS
JanisnsidwwiAaocavia:wudu dvs1du
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dovuskisvanisniswaalwwinass:uuatgdo
Twwhkaoaviia:wugu Us:uieu 10,000 1un:3ad
2g1doNN< dUaK dbUuNISUSKISIANISNNS
anaviia:wuduyovIWWNIENAAGAD:IWNL
uINTU 3,000 1Wn:3ad Tu 3 YTk STy
Jeyk1Tudidun1sSnyIAIUUUAYYDVS:UU
TwWwndognvla

nswiwv uskasvanisnisisiwwanaaav
naziwuduus:uiukivkduiun:dadagnad
nn< dUaK

yerer 4N

+ JU0NQE 15 N.g. 21.00 U. ivIUIUNS 16 N.8. 04.00 U.
nmsfalwwhaaaw 6,700 wn:ad

- 3udUNS 16 N.g. 04.00 U. fiv 11.00 u. NSBIWRA
Wudu 7,200 wn:3ad

< 3uduns 11.u. v 19.00 u. MsBIWWAIWUTUSN
2,000 wn:=2ad

N1SasIvAIUIUAL
yovs:uulwwnlus:o:81d

dounduKovAvIaRKanuWgIJuKovI
IJodmMswaalwWihonwaoomuiavonnaguindu
iBogq 15U LINN3N 5,000 IWNDad 2:dITUNS
oenvls? steouauUdidiauanudMuiuMsIazal
nsidu 2 NdUAdYAUAD

& 1) adwbuavlus:uual1gavsoIuUDY
uUs:inf

IUDMVIISN AD NNSUSKISTaNSISHIWEA
AUAdWTakgulkTUs:ansnwuandu Tag
TsolwWhikandanuisaimuna:aardaowaalwih

TalaglugUryknasiugaunuimu Tana Tsolwwa
wavingunau Tsolwwhiiagonw na:lsolwih
wavthuunaian Tagoaniuus:uunazisvvlo
RaarSokgawaalugovndnavornagdiazivg
faovwaalugoviduna:

IudNILAEDY Ao N1savnuUSuUAII
gakguvovlsvlwWwruuralkeyAdog naslki
A wakguuIndunitldoauu Tagiawa:lsy
TWWANssssus1alkaunsaiwuia:aaniidao
waalwwhlduanduna:soai$adu Tagiddunulu
n1sdiduniswaalwwiRaiavnndu

lUDNVAEU NMsUSUS:UUANTWWAARAQ
aAWBIVINAN (Time of Use K30 TOU) TRANTWWA
Us1A1gnaviugovnalvdu naziwodulusov
navAu lagiaw:TugIVKIANBVAIS:IWLAZQ
WolRISTWWhuunalkey D:WostunavnuIie
UsunsidiwwruovauliovlRikui:au (Demand
Response) soUNVWIGTWWANEUGILe) 9199:
USKIS9ONISIKIKUN:auuINTU AVT $o199:
dudunisiiuu “s:uuAlwwanaaavaIuAY
aunsl” aulbaikulaundaidouvaAulsidus:uu
A MWW calU

IUDNNVAF N1SDDNIUUIIRA:USKISIANS
sngudWWhAfavIwuuIndulkaaulongnnu
UuAvuavs:uulwwn 1tovonsangudwwann
Aubiuaiaas 1landuunivAwnlagiawA:lu
Fovifuroron Tuibanuaiaasusagog Wi
IKd00g UV FuA2SDDNILUS:UUIIDUWAIATUTR
anursodglwwonsagudWwAuNTETudnu
KEodvu1g1d1s:UUIWWAIG IWogdeIasuAIIY
JuALYDYSs:UUIWWATUEIVAATNSIETWWN WL
goduun suidofivgovdninisiElwawalus:uu
Uogav JvAogldwwroins:uulusisosnsud
TWWA KINDNsUSKIsYaNsiuuan1vad o:r (K
FudusagudWwgLTunduinalsio:avEoe
1a3UAIUTUAVYDVS:UUTWWATUE JVISUla:
KoAldungvdu

IUDNIVAKY NIsIAuwavvruTwwAlu
IUQINDS NLANSavNUIUAIaaSyUNaIANTulda:
Lhu||c1'a:mmsrﬁamsa\)nuuucnoa§uu10?mj
s:duangavliwwn dongandununisiiuwanuiu
TwWwunuaiaao:anavagvdaition

IudNIVAKN NsiAuwaoLIuTWWITu
A WIdukSaiiuilundusou Boddunuluns
IAUWAOVIUDNNIINSIAUTUIUAINDS AIDETD
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iU nMisifulwwbuaouiuludiusunaian
luu PCM Ddunuus:uieu 1.7 unnaoaKudy
TwWwA doumsifulwwnidudhsaufuindavriath
Souyunalan dT 40K ddunuds:uieu 0.4 N
dorurgWwniidu

& 2) axwiuavius:uuaiedvgoslunda:
WU

IUDNMLIISN NNSYUF (Demand Matching)
St Km\)nauwwaoTWmenTuawssWnaUﬂuw?a
TV\IV\hUZ)\)ﬂa']\DU 15U KIVESSWAUM $1Ua:a0nTo
AouyTAUaad Isvwenuia Tsvigau vau IWalK
TWWhAikdafdonns:uulsansswhiod gnfaluwun
usineulndiAew lidovgnavriuaigdviwin Tu
5Tuwunlnasanlu

IUDNIVAGDY N1SAVNUIBOUS:UUTNY
TWWAlunda:wun (Feeder) 131aG281U 91nic
1duRIbus:uuIduasvns=ogniU (Ad18S:UU
Avuan) lagidoudouane Feeder 101d28AU
uInduq Bogq (Knareilus:uudv loop) Na:
Uadasila-Ua AD:IWLAIIUUUAVYDVS:UU
TwWWhlduin dvfunda:dkusgviunisiwaila
JaassAWWAAIsI9 e Tavnuwasuls:uu
anwaviwwla:kanekdudiuuinognds Anos
2:2IVIWUIAAIKUANTISAVNUWAIUNENEED
TWW1anunuon1vdikSaou Gnsauidaifo:
ASDUAQUWURCILY AUs:INA

IUDNVAEL NMsUSUKIaIUaw Tagusu
nsdvAAkUaNUaw Kéoiudgukanuaviawa:
ULADANSLAUSUIAU

N1SANTUNISIAIWAIUNIUDNIVAIDA
IKkadsSouUAU 2:rfKISI@u1SAUSKISIaNIS
nswaalwwiRwuguna: :a0a0YDVWAOVIU
navonnagdia: wa\)munuuoauauq {dogvi
Us:ansniwiunnduagnodaition Svanuisasnun
A2WTUAVYDYLS:UUIWWATunIsIaguKIUTUG
NSIBWaLLIUKLUISEUNLKUQ 100 IWasiBudlu
s:g:g0ldiduoenvd

nudNIvNIsYaniIsiwvlsaisisad

aaaaydva1gldviu

garhe stevnuadud Idiauaiuziuonviu
msdansiinolsansisadaanasisonegnsidonu
ooniUu 3 ﬁuoaumua\)osﬁiomsﬁmu Ao
& nsaans(s (Reduce) Kanmswumunao
vovnisaanisigiwvisaisisadfo NISIWLY
Us:ansnwuavimolsansisad oo:idunisaa
Jsurrunisidnwvisaisisadikdalslusunnald
TogUsene uanondu ns:usunisfunisqia
SAWREIIKUNEN Avrilkongnisidoiuuow
IwvluaisisadiduluaiuAnlanisadls (Ao
Js:uneu 25-30 U)
& n1s158 (Reuse) NuKavoINNISIELIU
25-30 U niwvlsansisado:dus:ansnmwdosav
nagvaluisaldvruldoagvaaitiov dodu
nsthimolsaisisaanidasundsluldousaiu
janUs:avAduq 1su nsgudiionisinuas
fin:aunsnaausuntunwolsansisaaniduyov
iFuavld uonond nNsounsuInlsansisad
AIdgKI8UIVEdU Aauisaiinduunlds as
asasvaaralsaisisadloaovldisunu
& nisslviAa (Recycle) Tuduaaugaringuov
nsfdviuaanagovonguavinolsaisisad I1s
ausnnosShsiAanwolsaisisad Wolkldaq
15U Ns:oN 9al1beu noviav nauuisTkuld
TudasiUs:untusosa: 85 yovIaqnvKua NVU
TUS:8:8712NUDVNISWALVIUKYUIBEUSKID
Jds:Inf International Renewable Energy
Agency, IRENA) »:0n1s3dgna:waiuliwo
TRauisaundaqcivg funwolsaisisadndu
U TBTRIGUINTU na:wauunlsvouslsiAanw
Tvansivad Wolkau1snsovSUUSUNUIIND
Tsasisadruaoghv:iuIndulut 2573
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& 1.1 mswaalwihadenvkulodhduniswaa
WwadoelsarsSisad

niusinadunluldaiiugidesuiey
iBovniswaalwwa nafwao:nsiuflukannas
10ovdu3Ins:uduNIsavnaldIduns:uounis
WaalWWIATEAURU AssssuBTa Kdauluu
1W0uidoiwaviwoduirfKidoasuidulo 1da1s
wavlothdulukyunvKkulodn (steam turbine)
Fous:augiunsoisnibous:uncu 120 UANA
1d>131wanvovAvKulukyuindovAITalwwA
(launlu-1Duniskyuvaasadaauudikan) su
fmkai1dnasouindaunnadlkaiduns:nalwwn
WolthlUTEiJuwavviuausanus=avd

ns:usuNIsWaaavnadgvlulauusouiiv
nslduyavIBaIwavAEInTIKY Fudovidarin
au ya 19:3NUUWUINQS lazuududvaiuuin
10unisuudvidus:e:nivinas dwdh dwn3u
n31o:lUfivisvlwin

K1NNal1ddviawl:duaauniIswaalu
usaulsuWih UnanenAaasus:isuinds:uicu
$owa: 60 yovwavviunvkualdanyideluidu
ADUSDOU  BowaLLIUAISIADVNISIEDEVY Ad
waovulwWWhduo:IkdoogiNegvsosa: 40 Indu
IDoUUSIUNSIUDUNISWAANVKUQ AVIENIS
rsoomkavidoiwavoudividns:ialwan azgv
ns:ialwwhlUTRiGoudviu Jviduns:uounis
AlJu:3unla31GUs:ansnwav 1laIfgunu
NS:UDUNNSWAAND:NA1DAVADIUT AonIswaa
TWwhdoglsansivad lagrawragvavisansisad
uUuKavA (solar rooftop)
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ns:uouniswaalwwadoelsasisad
Tubduaaua:lsunnuigikloununIswaaluu
1au Ao Tudovigidowaviwaimilkiwaduuida
Tudovlsinkaoidu TulsTauTu IWgvIADIED
onagAatuisawaalwwala dvfunavonnag
AdovavuirduldauniAfizenda “TWaoau”
(photon) UukatgaluaiuoaunIAGaoduUN
ounialwaoua:1duld “1a:" 31dnasou
I0UDNFQUDVIINUSUIEVANEADINEISAVAIN
(semiconductor) IIWUSUlld@vLoINQgAavNaID

ISuN31 "IWoluaisisad” (photovoltaic solar
panel) IDodaidunvikaIdnasausuduuKIAa
na:0wavviugvhkaasanuitiuiduadsaddunf
vfailfuns:ialwwiRis dovns

& 1.2 rilunwolsarsisaddviisiAngnav
asivddun AAadaqRlntuaUUaNIY
nsthwwhagis:k31vausu (insulator) 3oTAU
anusnlumsthiwihiachun ia:douh (conductor)
golAWwausalunstiwWihlda 15u naviiav
anspvdihAtguthuwaanwolsaisisadnio
3anou (silicon) Buidusiahnavldonnsiy nas
i0ushafdunAgalulanstiakdy dvdu aunsad
ANAQG8ENSAVAIN 15U IIINDIVISADUWIINDS
sudoudvosiulnsAwribodo naziwolsansisad 3o
Js1Aan 1a:0:8v0$1AQNALINUINKINAANQ
vgngUINTU
nauLIANISWaalWWh KINWIASKAUTR
AN 1S19:WUFAVASWAQIUUIAUIIA:NISWAQ
doelsansisaddvild “wavviu” mnasvonnag
IKDoUAU IWS:0NURU fNwsssusnalia:uniu o
AINauINNSEVIASKII@VUDVWBAdVIBIEY
9INQY ANURUAUIDINWY fINBESSSUBIANUIDIN
sinlaluiansgvaunisiuonkis wabviuwoasa
Joiduwabviuminasvannadngna:auido 200
autudd TuseusRoumalwaaufns:NUINY
Tsarsisad 1Tuwdvoiusinadvonagn “aa
nndu” na:liddukua Svgndalkogluds:inn
wavviukyuidsu TuyeuzAwdavoiuwoasal
NudUNNQIANWNYIAAdgAUTIUDUUDY
nqufna:inalulagnidluniswaalwwn
dagwavoviuwaadagndaagluus:nn “Wand
AvIAU” (Classical Physics) TuyruzANISWaATWW
doelsansisadgnanogluus:inn “Wandndoudy”
(Quantum Physics) KSowandeAlku
wauunnMsyaviwandndoudulddonalik
Un3ngnAaaskatgauldsusivialuivaaiun
Wand aovwaviufldsusivIadvnaiddo
wavuvow daltsa ladalad (Whausnasue
Usannnisadlwladidnnsn, Photoelectric
Effect - Susivdal 2462) la: “Waviudvy
IZovaisAvdditina:nisAuwudsinnnIsad
NSUBAINDS" (WaLIUSIUYDVaENUUNINENAEQs
¥DaKSIBNUINSIIAEKSTaIUSNMIToU 2499)
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JlUndans:uouniswaalwwronlsais-
1Badv:AANYNUNSIUOUNISAVIAS1:KIFAVUDOWE
(Photosynthesis) Aons:UdUNISATEWALL U
Mniavarnagimoulasud (AWIUNVSINY
AuAsA1suaulaoanludluonniATRIJundo
10uns:usunIsRINQTUILL “Ganndu” 1IBUAU

JoaUuuISIcNvgDUSUAUD ADIUANDKUN
ninalulaglarkaa83auavisidovivasu
TJagnvsaaiss nisdoasnivinsiAdaninui
doulnsAwridafioNnnAuauIsnsula:avans
lpvldogvudgangia:dunua 1dsrlufusoms
wavbvLIUFVIUAgUIUaLADUTIVEY

NISIVAZUWIUWELVIUDINNISWOWA
IFoiwavwoasagnisiwavviumniavarnagiu
nswaawwdviduaiuiiokdnvoavinalulag
Ao:UunTdTunisasionudlduniswaanazlg
WaLVURGLEULINTU

& 1.3 AalkuiBoowadovu

nswaalwwhdgiwolsansisad uonon
:HAUIANEIVAEIAYDINNNSWAQIUUIAUIED
goaansUaouiinsAmsuaulasonlsddud:dona
dodnnanisidagundavaniwnloInA ¥
aandWIKAouama:du “Us:ssUlagwadoou”
(Energy Democracy) 9nQ02g 25U18V1Y9 AD
WusinafiAugnritlKIOugdoimgvogoide)
KNI avniswaawavviuldioviv:nanaiduny
Rwaana:usinaludogludhAuiGednu RSen3
Prosumer

doeiKkal as.lgosuIul 1B8S (Hermann
Scheer) 20aUs:s1UDVANS “Eurosolar” Wi
unUINENATYUINTUNSEVIESUWALLIUKLUISEU
landvldasusn “nisanifgous:IGuwavoIu
awawviiuuliendou Aonisadvnivdoynyl”
d00ndovAUSIIUIZDY “Rethinking Energy
2017”7 TagnuovNISWALLIUKYUIBYUSKITD
UssinARSWINEI0 I KUIgNISWAIUNAEVEU
(Sustainable Development Goals, SDGs)
YOVOVANISaKUS:8181a31 “IUNKUNYR 7
Ao wavviukyuidgufa:anaaiuisnoleld
ADAUINAVKSDENIKQUDLDIN 16 IUNKUIY”

& 1.4 analaniurauld
Uqudivaul 2561 mnvlandni1sdadv
nwvlzansisadiadrsiudu 500,000 1wn:dad lag
WudumnUnousosa: 24 11a: 3 USsINARGAAL
uINAdaAo ansistusUssUSU (Soga 35.2)
aksgoIusM ($ova: 12.4) la:tgUu (Sowa: 11.2)
KinAadaddouwavoiulwwaRnaaon
TsanSisadifoiRguuwavorulwwiRsoTan
usinAful 2561 wusndiWgvSasa: 2.6 INNUU
law 3 UssinART&adougvaado souqsa (Sou
a: 14) 1g9osui (Sova: 7.9) 11a:n5y (Sova: 7.5)
Tuuru:AUs:InAlneddadoudinAnasvavlan
Aosowa: 2.3 IMUU Ia:funNSasa: 90 YovNs
aaadvfuds:inaAlngidunuulsaiswisuuunalkey
Inuno:1duKkdoAUNUEKSUNDE DN FE
KInAasuduUNIsdadvisansivadindy
dous:snskivAu wu3n 3 Us:inARDSUDU
goaado Ivosul oodiasidg na:cgJu Ao 548,
459 lla: 442 Saddoau awaiau?
a11USgUINgUANYNATWYDOWAVLIU
navonfagdiktiowunus:inAlgasulnuus:inAng
TAsq AiRvo:nsiudn Us:inAlngistdAngnw
UINN39gvILUDU IdAIRSVAADIUT 2561
JszinAlgasulaiuisawaalwwionnlsaisisad
{afiv 46,300 dukude Aaillusosas 7.7 YoV
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1 Task 1 - Strategy PV Analysis and Outreach, April 2019, IEA - PVSP
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3 https://www.volker-quaschning.de/datserv/ren-Strom-D/index_e.php

20 Uf3Gwavviuuukava: ﬁalaualv‘\ia\ﬁuvglnsugﬁm_nus-mFizT\Jﬁu||a:|fJusssuw"lus:uuTlsmsIgWﬁaUTuUs:lnﬁTna (W.A.2564-2566)



& 1.5 ulgursiawisariikgusinailu
“Prosumer” 1

awkandswandnas wwraiuisalka
Wauaneavlwwald 2 n1o Aoonisulwwalug
Uhuigaukdomnunuidounauluganaavald idn
WU udoeuleungyovsguia ns:ialwihldgn
UvAUTKIKaluluRANOIGEaIAUdU 1BUFvIkaoon
nns:UwavusinAmevag G Joauud
dogAuAdKUNvavInalulag WusinAauisa
naalwiwhonkaoaguauovldid lagauisa
aasusuduninglkasonagviduaikacavla
KEotan3UsnAawisarfkivulkaidins:10n
aurpvlddoy Wusinadvnaneidu “Prosumer”

ulsurenldsunculsuuIniga vie
Aga avnuuosiaa Tidavdodinasiwuiau T
dovdaaunsailovAulwwhikagou na:liidov
Folualaos Ado ulguny “Net-metering” Ao
nsounyialknsialwihAwaaldonlsaisisad
vukavaiau (fuasunaltvdudvicvovlyoy
U1u) aunsalkaignds:uuanedvldnou na:lu
1Da1NavAU (IMyovUiunauul) IWwiIns:uu
anwdvilkanauidnuinu ilonsuiGouAans(d
ans (net) auAmWwARUsINQludiaas

UoUu KaleUds:inaldululeule
Net-metering TUTdog10n310u10RvIUUSINA
Shsoglia:UsINAZINDU U aknwgisu oadiasiay
dKSTDIUSN IAUNAN duIde UNAanu nazinugn
10udu ndus:inAlneisigvliinisthuleunsd
lagu (s

& 1.6 “oUaoslRn1sstusvAlliguuKs oglu
JouoVISIWOVYAAIKNSSUNISWAAUKS”

avAlanaoudr JanduAthuinaa
TsarsisadnuniswaalnsAwrlofiod1vAun
ninalulagansivardikdounu ndritfunis
5Tnsewridadodviawuduag1vsiaiss 9n
FuouRlBUs:untu Sowa: 0.5 100 20 Uriou Ko
Uszuntusoga: 95 yovinudulds:sIns IKQWadou
KOOIDUIWS1:31 ADWIANCNVYDVAIIONIVATS
ANYDLADLIUANALNATD

avdu Mswanduuleung Net-metering
dvAds:dovdaaiuAu:iNYdY as.IgasuIul
IBes Unindaulkoduulguigwavoiukyusuu
¥12I89SVUTNIN “aogUdoglRn1sdviasuwavIu
Ia@vo1RQgus:uUWAVLIUIA:S:UUIASUTNDU
Jo9Uu ogfuliouovwoAIwauviu IWsI:uD:
IkJoununsUgdoalkmsstusvAlUgUUKS ogiu
JoINUoVINUDVANEIKNSSUNISWAOUKS” dov
ogTulovoviusinAfidu Prosumer $vo:1AiQ
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