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Economics of Self-Consumption: consider 2 portions of electricity

January

. il s@ruiilaiiae (Self-Consumed Electricity) :
2 o fiyaavindua TWihanad&nearndseiang e lWi

[ value at the retail rate that customer subscribes
1m_,._--/\ o Al iainlugruiinle (Ldulszinadu)

f - can give additional bonus for self-consumption
it N (China)

MWl g@uAu (Excess Electricity)

! . filmasiAuuaziiuvinzayadualny
- ¢ (frequency of meter reading and
_ _/\ recording)

N o dhunauniaginTunsid Wi Tuavraalu
f siluuy kWh #sa un

T T e is used to deduct from future use in

kWh or Baht---depending on scheme
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2 Self-Consumption Support Schemes

" inau naunudae ninnels " yinau garestniihngluniadiu
a2 1NsaUla sauia
(crediting system in kWh) (crediting system in monetary value)

" IWindinlnadamdinia " IWilndnlnadamdinia
> fiaA1 = A1lWUEn > finar # AlwuAn

(value of excess e = retail rate) (value of excess e # retail rate)

"  Existing meter or new " Electronic meter (2 data records)

electronic meter
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Net metering
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(Compensation for excess
Electricity)
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(Meter)
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(Meter setting)
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(Account Setting)
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(Tax revenue collection)
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(monitoring)
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Net billing features 2iaf 2AnLde
Pros Cons

Asaatde Wl &IuLiu
(Compensation for excess
Electricity)

JLenas

ANSEANTILeas
(Meter setting)

ANTARNTNIVTU
(Account Setting)

ANTLALANE
(Tax revenue collection)

NSHAAINATIARALU
(monitoring)
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4 Focus Groups on Elements of Self-Consumption Scheme Design

2
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Excess generation WAIATUTEEZIAATAN Banking period
a% Credit value at the end of banking period? | 1month g 2month g3 months g 6 months g 1 year

1 iM7ume with compensation

4% 4%

m biflnvmumus no compensation

by

dnudseuuuurauny = 72 fu

3 R S a =
sUnuumMsyaLvevaslnihuaalaiu

dmiuzuuuu Real-time

Real-time buy-back rate?

Compensation schemes for excess generation

B Real-time g wiuiluiasinazay Storable credit -'%131"5:‘,14 not specify

YAAINITURLTLIATER
“1”Dt|l,'1\i§=u=l']il"lﬂ!ﬂu

Credit value during banking peried?

FnudreuLUUEIUAIN = 72
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dalduasiaazidanuay Net Billing

fimasiiudoya i vadn wazaan VAT

WA naingns  (Net Import): gnandnainag Wi
WAl naaangnd  (Net Export): n15 IWH131a3ulvignan
saudasiafan  Lifinisdzduinsae
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(Metering and
Payment)
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(Data Monitoring ¢ FEUUTUANAST
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Philosophy of Compensation
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Prosumers

ANAUANQ? o
: : ANV IFOTUNTN
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\_ Financial Health
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Other Ratepayers Utilities
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Customer Economics: Methodology

g Load Profiles
(PEA, MEA)

« PV System
 PV/Load Ratio

Wl  System
Design

* Pilot
* Net Metering
 Net Billing

Apply
@ Measures

\_ J

1

« Literature
Review
* 4 Focus Groups

- IRR
- PB

[« NPV

« LCOE

;
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Load Profiles from MEA and PEA's Load Study

Pattern-| Pattern-ll | Pattern-lll | Pattern-1V
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« Blue line is Electricity to grid (kWh)

« Brown line is Electricity from system to load (kWh)
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PV Production vs. Electricity Load
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fatrvnisudmidayauadnis g Wil s usunisads lWimng T
Sample hourly data from load and PV production

Hourly Data
Electricity load (year 1) Eectricity from system to load (year 1 hourly) | Electricity to/from grid (year 1 hourly)
(kW) (kWh) (kKWh)

Jan 1, 12:00 am 0.918151 0 -0.918151
Jan 1, 01:00 am 0.872811 0 -0.872811
Jan 1, 02:00 am 0.842681 0 -0.842681
Jan 1, 03:00 am 0.7814596 0 -0.781496
Jan 1, 04:00 am 0743212 0 -0.743212
Jan 1, 05:00 am 0.725021 0 -0.725021
Jan 1, 06:00 am 0.731355 0 -0.731355
Jan 1, 07:00 am 0.703319 0.168984 -0.534336
Jan 1, 08:00 am 0.733445 0.733445 0.00659281
Jan 1, 09:00 am 0.726967 0.726967 0.597222
Jan 1, 10:00 am 0.754202 0.754202 0.987922
Jan 1, 11:00 am 0.788192 0.788192 116733
Jan 1, 12:00 pm 0.7710597 0.771097 1.22111
Jan 1, 01:00 pm 0.754233 0.754233 111932
Jan 1, 02:00 pm 0.782048 0.782048 0.799974
Jan 1, 03:00 pm 0.816576 (0.816578 0.290618
Jan 1, 04:00 pm 0.529584 0.521932 -0.307652
Jan 1, 05:00 pm 0.851245 0.0504078 -0.800837
Jan 1, 06:00 pm 1.03471 0 -1.03471
Jan 1, 07:00 pm 1.0988 0 -1.0988
Jan 1, 08:00 pm 113157 0 -1.13157
Jan 1, 09:00 pm 111117 0 -1.11117
Jan 1, 10:00 pm 1.02312 0 -1.02212
Jan 1, 11:00 pm 0.961021 0 -0.961021
Jan 2, 12:00 am 1.0516 0 -1.0516
Jan 2, 01:00 am 0.57039 0 -0.97039
Jan 2, 02:00 am 0.906583 0 -0.906583
lan 2. 03:00 am 0.862204 0 -0.862204 18
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suuuwnaunauwmu (Net-metering)

o WA ANaaAD e tnuduasTuan lédviui  uasiyadn
winsnAralan

o IWWANGs laduiu  tnulluiasaalginaunauniag’la
‘luﬁa‘uuaﬂm ld  uasfiyaAwvinnusnaaaddn
. szpzAAUeSin 11 (esfinfidaiidnssuda)

muumsswﬁamumu (Net Billing : Real-time buyback)
e WA ARAaRa ey nuduasTuan léviud  uasiyadn
winsnawnalan |
o A Wndn laduin - snawdrszunluiuilunng  g2luv
AILDNIINAINIT  1VINAL  U3agduningimualan
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A tWUan
TOU rate

LCOE

(1 n/wiaa)

Sns5uda i
gutiu (un/wniae)

IRR ()

PB

naaLnie: NM =

On peak
=5.639

Off-peak
=2.478

3.79

NM NB

%3

10.42-
11.37

11.37

94 9.4-11.6

Net Metering

On peak

=5.639

Off-peak

=2.478

3.79

NM NB

% 3

10.89-
11.37

11.37

94 9.4-9.8

NB = Net Billing ns¢il Net Billing, PV/Load "laitAu 40%

21A1S 15991U
(MGS) (LGS)
On peak On peak
=4.051 =4.051
Off-peak Off peak
=2.471 =2.471
3.57 3.18
NM NB NM NB
13.90- 15.35-
14.37 14.36 17.16 17.15
77 77-82 6.7 6.7-7.5

20
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Block Rate TOU Rate
12 12
11 11
~10 o 10
x 9 ¥ 9
o o
3 = 8
7 7
6 [ [ [ [ [ ] 6 [ [ [ [ [ ]
o\o o\o o\o o\o o\o o\o o\o o\o o\o o\o o\o o\o
P R PP P A WS S P
PV/Load Ratio PV/Load Ratio
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PV/Load Ratio
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o

Aan1saurIndn (SGS)

IRR (%)

o N o0 ©

12
11
10
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Chulalongkorn University

TOU Rate
o\o o\o o\o o\o o\o o\o
DR AN SR SRR

PV/Load Ratio
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14%

X
o
N

20%
30%
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80%
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PV/Load Ratio
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The relative levels of retail rates to DPV compensation
rates can influence consumer behavior

88

I
i,

e® 8.8 &y

Self-consumption MNo expected Self-consumption
discouraged behavioral impact encouraged

Source: Zinaman, O (2016). 25
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Balance?
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il 2563

12000
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10000 2500
8000
6,000 § 6000 2000 -
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2,000 2000 1000 -
0 500 +
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LOW MEDIUM HIGH
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n1ssuwnUsHnmeaslganssianeln 19 U (nelull w.ea. 2579) Tuwwd nw. uas nwa.

6,000 MW

12,000 MW

3,000 MW 3,000 MW
10% 10% 40% 40% 10% 10% 40% 40%
300 MW 300 MW 1,200 MW 1,200 MW 300 MW 300 MW 1,200 MW 1,200 MW
ﬂwu. “
6,000 MW 6,000 MW

21A15 Ts997u 15997

10% 10% 40% 40% 10% 10% 40% 40%

600 MW 600 MW 2,400 MW 2,400 MW 600 MW 600 MW 2,400 MW 2,400 MW



Baht/kWh

F\\ Enercy
RESENRCH
LNsTITUTE

NRNIZNUaAaAT NN 2a9N19RILRIN 3 LU

'R ‘ Z DuNadnsniumdNgay
gAY — Chulalongkorn University

Rate Impact: 6,000 MW by 2036, Rate Impact: 12,000 MW by 2036, Rate Impact: 3,000 MW by 2020,
3 cases of export rates 3 Cases of Export Rates 3 Cases of Export Rates
0.030 0.030 0.028 0.030
0.025 0.025 0.023 0.025
0.020 0.020 0.020
0.014 0.014 0.014
0.015 0.011 0.015 0.015 0.012
0.010 0.0067 0.010 0.010 0.008
0.005 0.005 0.005 .
0.000 - -
High Medium Low High Medium Low High Medium Low
31
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Metropolitan Electricity Authority
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H.E FlL WL MR EHL 2 W& H.U, Fl B, #... L. e, Wi, 5.5
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2555 0,00 0,00 .00 0,00 0,00 30.00 30.00

o o o o oo oo oo oo oo oo

2554 Bb.ER Bb.EE BG.EE Bb.EE 35.81 95.81 -6.00 -&.00 -6.00 -6.00 -6.00 -6.00

2353 32,55 32,55 32,55 32,55 32,55 22,55 32,55 32,55 32,55 32,55 22

i

2352 32,55 32.55 32,55 32.55 32,55 32.55 32,55 92,55 32,55 32.55 32.55 92.55

2551 56,11 58,86 65,55 58,86 08,86 6285 62,55 62,55 02,85 EE T TI

2550 FE42 7342 7142 7342 7342 &E.42 &E.42 £E.472 £E.42 66.11 &6.11 86,11

2549 56.E3 7L.E4 7R.E4 7L.E4 7L.E4 EL.44 Et.44 EL.44 EC.44 7E42 7E.42 7E42

2548 3.28 43.28 43,28 43.28 3.28 45,83 45,83 45,83 45,83 5683 5b.B3 Lh.E3

2547 26,12 3B.2E 3E.28 3B.2E 3B.28 3B.2E 3B.28 38,28 3B.28 3,28 43,28 3.28

2346 21.95 28,12 26,12 28,12 28,12 26,12 26,12 25,12 28,12 2812 28,12 26,12

2345 22,77 21,35 21,3

ANSPURIVBIAT Ft 21gUaniuadn agj‘lmha 1-100 HAN9ABIBNRUIY
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Revenue Impact

sUuuun1sAtnugua  wazrnrsavuaal Ilaavdsandlng  munsdu
uarnun1sdluduun1swasn lWWaelagiag

Thailand’s regulatory structure is already well-designed to
accommodate self-consumption from DPV and maintain utility
revenue sufficiency.

e luse ﬂ.,au (audsuanin): s1eldins I s minagouEe
nnsTYserausinldndn el ﬂ’]ﬂJ’]‘SﬂﬂﬂL'ﬁ&lﬂLﬂUﬂuvlﬂ
TaaNIUTATIE319AT TN

o luszaznay  (BUsuaAT IWHNgIU): mﬂmmﬁmmmsmmstwmu
aay DPV undssnaunisaruranan IWwngiu nsiANGuuay  DPV
ﬂ?)ﬂﬁﬂ’izﬂﬂﬂﬂﬂﬁ’iamLﬁ&l’iﬂ&lvlﬂ‘llaﬂﬂﬂ’ileWﬂN’l&lﬁl’muﬂf;l

Source: Darghouth, N., Zinaman, 0., and Tongsopit, S. (201 7). ERI/NREL/LBNL/USAID Clean Power Asia Analysis of

Revenue and Rate Impact of Increasing Distributed PV in Thailand.
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Rate Impact

. ﬂ"l‘l‘n"-a’lElﬂ"lWi‘]Jﬂ’]'i‘i‘]J‘D’ale\IV\l’Wl‘iuuu DPV d¥aanunin aﬂmmumam
Ft sﬁwamm\‘mmmmuaﬂmﬂ UudIAAaL (ﬂam‘lwmlv\lvd'mﬂaﬂ) Fofl
mﬂ‘lmam']5ueﬁa“l1/\l1/\l'1vlwauauﬂaumwmLuamamnum“lwm‘umm

In the short-term, the cost of DPV export is passed through into the Ft, but this cost is
small or even negative, due to the assigned export rate that is low compared to the
wholesale rate.

« Tunisdnvinar Il susauanld  windauaaniIsainistANdua
DPV uisznaufiazdiursadaruranan I lagnsiasinansenununisgouids
518’16 (undercollection) Ua&ad

Due to the forward-looking ratemaking process, utilities and the regulators can, in
principle, forecast the amount of self-consumption caused by DPV and hence the
declining electricity sales and incorporate this into the tariff calculation.

- Even with a DPV penetration of 3, 000 MW, tariff impacts are low.

Source: Darghouth, N., Zinaman, 0., and Tongsopit, S. (201 7). ERI/NREL/LBNL/USAID Clean Power Asia Analysis of

Revenue and Rate Impact of Increasing Distributed PV in Thailand.
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Rate Impact is caused by...

Wszazany a1 lWdasindundaanasiiiavann DPV‘HuaﬂﬂUGl’JLLﬂ‘im’W\‘]‘]
anil

o JSuraun1singduaay DPV

Level of DPV penetration

«  AWunn DPV iindu
Areas of DPV deployment

- asnsrAEnungun g WMWY (RES, SGS, MGS, LGS)

Allocation by groups of electricity users (by load profile)

- AsasuuaInis I ludgruninaqdasiu DPV

Utilities’ investment reduction or increase due to DPV

. dasfuda i vadausn DPV

Export rates for excess generation

o  ANTINSHLINVAVTIVUIUANIL: Aaudan1s1F Wi dns1aaldn dnsa
ALY

Growth Rates of: Electricity Sale, retail rate, wholesale rate 35



Ft Impact only: 6,000 MW by 2036 (W.¢. 2579)

Total Ft Impact in Baht/kWh

0.0020

0.0010
0.0010
6,000 MW by 2036, classified by customer group 0.0000
< -0.0010 LOW export rate MEDIUM export HIGH export rate
0.0040 %gggig o4
0.0020 ' -0.0040
0.0000 - ﬁse_
-0.0020 - 00061
g om0 Usuifiuvan
§ 00060 1 . dns15u¥a Low-Medium
00080 1 vin'lvidn  Ft finau  (Aadn
0.0100 1 TWgnav) tlavainsnansu
-0.0120 danlalnauAuEaln
-0.0140 Customer Groups ﬂV\l W.
o naulu  ddadiu i
H LOW exportrate =~ ® MEDIUM export rate HIGH export rate "lwaé’auuqﬂﬁaﬂ 5998941
Ei;coer?etd 56% 46% 16% 29 ADSSAVUIALANLLALDIAS
drunguanArsuualual
Tndaulaagn
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Ft Impact only: 12,000 MW by 2036 (W.#. 2579)

Total (Res, SGS, MGS, LGS)

0.0040

12,000 MW by 2036, Classified by Customer Groups 0.0020
0.0020 -
0.0000
0.0100 - 0.0020 -
0.0050 - -0.0040 rate
0.0000
§ -0.0050
= -0.0100
@ -0.0150 -0.0124
-0.0200
-0.0250
-0.0300
Customer Groups ]J 5v Lﬁuw é’ﬂ :
mLOW exportrate ~ ®m MEDIUM exportrate ~ ® HIGH export rate ﬂ’]‘iLﬂﬁﬂuLLﬂa\‘]‘ﬂa\jﬂl’]
Ft iHudasvinvavnsdl
|
6,000 MW
Percent o) o o o ’
Exoorod | 2670 46% 16% 2%
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0.0060

0.0040

0.0020

0.0000

-0.0020

-0.0040

Baht/kWh

-0.0060

-0.0080

-0.0100

-0.0120

Ft Impact only: 3,000 MW by 2020 (W.¢. 2563)

3,000 MW by 2020, Classified by Customer Groups

Customer Groups

Percent
Exported

56%

46%

16%

2%

0.0020
0.0010
0.0000
-0.0010
-0.0020

Baht/kWh

-0.0030
m LOW export rate

® MEDIUM export 040

HIGH export rate 0-00°0
-0.0060

3,000 MW by 2020, Classified by Customer Groups

0.0016

| LOW export rate MED_ULU\%\A éag(port HIGH export rate

rate

-0.0047

14 1
= / o

e NS0l UTRINTIANgR: A1 Ft
Anall

« naalsudaliiansigidgn  An
Ft AN 0.16 davAnaniing
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M1at19N1679115 Net Metering/Net Billing ‘lut
Useinenee

Support schemes

B MNet Metering

B Net Billing

fr Belzium: net

billing in

-{'.‘ Flanders and
, L 7% Wallania

r=
3 Sweden: NM
) £ scheme
'b,.) depending on
!

the utility

: o

A USA: Both NM
and MNB
depending on
the state

s il



Belgium

Denmark

Italy

Greece

Spain

Type

NM with rolling credit
and buy back (Flanders
& Wallonia)

NM with buy back
<50kW

NB with rolling credit
and buy back

NM with rolling credit

and no buy back

Simple NM

European countries

Excess

compensation

O At retail rate

O On FIT rate

®  Average wholesale

rate

No compensation

<100 kW no

compensation

>100 kW can sell on the

Evolution/ key points of the policy

Began in: 2015

Replace green certificates.

Challenge: Proving that NM can be as effective as
green certificates to the consumers.

Have to be in a PPA to sell the electricity

Began in: 1998 (pilot project), last revision
2015.

With NM, the producer doesn’t have to pay the fee
to support RE (PSO)

Began in: 2009, from older NM scheme
Challenge: Uncertainty with potential change of the
scheme yearly

Challenge: Going from NM to NB scheme, new

approach for self-consumption

Began in: 2014

Started to promote small production. Now possible
to do virtual NM.

Challenge: Promote installation of PV system with

less costs for the regulator than with the FIT.

Begin in: 2015
Scheme used after the end of FITs in 201 2.

References

RES Legal
IEA PVPS

RES Legal

RES Legal
Solar Power Europe
GSE

RES Legal

RES Legal
PV-Financing



US States with Net Metering

NM with rolling credit and indefinite  Available in Washington D.C.: ¢® DSIRE
banking period ® <100 kW: net metering with indefinite period of rolling (March,
credits at retail rate 2017)

® >100 kW: rolling credit at generation value, indefinite
rolling period
Available in Louisiana for customers interconnected before

the utility reaches its jurisdictional net metering cap

NM with rolling credit and no buy Avaialble in lllinois ¢® DSIRE
back rate at the end of the banking ® For non-competitive customers, NM with rolling credit
period that expires at the end of banking period

® For competitive customers, monthly compensation of

net excess gen at avoided cost

NM with rolling credit and buy back ~ ® Buyback at below retail rate (AZ, MD, PA, NY, NJ) DSIRE
rate ® A challenge for these states is the cap of NM available.
NY & NJ limit the capacity but under revision, NV

doesn’t limit it.
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US States with Net Billing (replaced their previous NM schemes)

Export Rate for Evolution/ key point of the References
Excess Electricity policy
. ® (CSS: no export allowed ® Ended NM in 2015 ®* DSIRE (2017)
Hawa" ® CGS: export receives ® replaced by Customer Self- ® NC CleanTech
credit valued at below the Supply option (no export, ®* PV Magazine (April, 2017)
retail rate, which offsets CSS) and Grid supply option ® Hawaii Electric Company
monthly bill; remaining (CGS) (2017)
credit at the end of the ® CGS:In 2017, available for
month is not paid 20 MW or around 2,800
rooftop PV customers
. m ® Avoided cost of utility ® Ended NM in 2016 for “new ®* DSIRE (Jan, 2017)
LOUISIana (new customers) customers” ®* NC CleanTech
®  “New customers” who applied
after the utility reaches the
cap will get paid for net
excess generation at avoided
cost
® Avoided cost of utility ®* Ended NMin 2015, replaced ® DSIRE (2016)
Nevada by NB ®* NC CleanTech (2015)
® Net excess generation paid at
utility’s avoided cost
- - . = ® Avoided cost of utility+ A ® Began in 2016 ® DSIRE
MISSISSIpI premium (2.5 ° Premium in the rate = to ® NC CleanTech



US States with Value of Solar Tariff

Compensation Evolution/ key point of the References
policy
M_ t ® VOST fixed for the ® Began in 2013 ® DSIRE
Inhesota duration of the contract ® No utility used it yet.
between utility and ® System <20kW
Austi T consumer *  Beganin 2012 * DSIRE
ustin ( exas) *  System <20kW

Alternative to the Net metering schemes
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Net Metering and Net Billing in ASEAN

Self- Compensation for Bankin Compensation
Country |consumption| exported electricity in Crediting erio dg at the end of
scheme each billing period P banking period

Indonesia Net metering n/a Yes, in kWh Forfeited
speC|f|ed
in the law
Malaysia  Net billing Valued at “utility displaced Yes, in 2 years Forfeited
cost”, prescribed by monetary term
Energy Commission.
Philippines Net billing Valued at utility blended Yes, in 1 year Pay by cash
generation cost, monthly  monetary term
revised.
Singapore Net billing Valued as prevailing low- No No No
tension electricity tariff banking

minus grid charge,
quarterly revised.
Vietnam Net Metering n/a Yes, in kWh 1 year premium rate,
annually
revised (2000

VND/kWh)
Notes: The official schemes names in each country may be different from here. For example, PH calls theif4

scheme “net metering”, but the concept is equivalent to net billing
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Other Developing Countries

Export Rate for Evolution/ key point of References
Excess Electricity the policy
Chile Net Billing with rolling ®  Wholesale rate ® Beganin: 2012 ®* |EAPVPS (2016)
credit and buy back ® International Climate
(<100 kW) Initiative (2016)
Mexico Net Billing ®* Wholesale price (nodal pricing) ® Began in: 2007. ® Mexico News Daily
(50 to 500 kW) (2017)

(<50 kW uses net

metering)
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® In some European countries, NM has been chosen to follow the end of previous support

schemes (FIT, Green Certificates)

® State with high incentives: Some states (DC & LA’s grandfathered projects) authorize NM with
rolling credits over an indefinite period for carrying the retail credit forward.
® States that already transitioned from NM to NB: Nevada, Louisiana, Mississipi, Hawaii

® Value of Solar Rate: Arizona is considering it; Minnesota and the City of Austin already

implemented it

® They choose simple NM schemes or NB with compensation below the retail rate.
® Various reasons: Malaysia (learned of what’s happening in the U.S.); Singapore (avoided cost

concept); Thailand (upcoming: attractive economics in comparison to retail price)
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a91: unasn1sndaalniliavladiavera solar PV

o FWUAYUAIBNIAINIT Net Billing laarinuniinanased
wazlrNIg528281I09FbILHY AEDP

NNTRULIUU

o lusaumluilndagdu : dn1ssunisznisgadesielsln

AGREAGIERIRE ixﬁuﬁﬂiunn scenario
GAIGHEERENGRER VAR o lusaurrlviiadald: dwnsainisgandesalalusentn
HwA LW

Hansgnuaaa 1NN e HnanIzNUAA1INHNNTENING 0.7-2.8 dR19ARBVIY Feiia
291522125 TFHININNBLABUAUNISIANTBRIZDIAT Ft
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If the credit is in If the credit is in $:
kWh: NET BILLING

TDRI © dWadnsniumINEaY
Terms [l S Chuistongkorn univeraty

____________________________________________________________

if rolling credit is allowed, credits are carried over to offset i
consumption (or bill) in the next billing period i

MM“WW“ NOMON TUF WED THU  FRI SAT wmmmmmut mmimwmu

1 i

Banking

period

1 2 8 -0 1 & ¥ A
3 4 5 & 7?7 S$ & 7 x 9 W WM " 6 7 B 5 WM 2 3 4 3 & T 8
W 1T 12 13 o 12 1 % 1% %W v w» AEAER S I LU L L P | LA L R L B - I I N )
7 18 9 0 W W N R B MDD W XN 2 BN 1w VW ow % 2 2y 2
4 25 6 N LI O ] W 27 2B P WM 23 24 25 X% 7 BB

« The rolling of credits can occur across many billing i
periods until the end of the “banking period”. |
- Hour/day/month/year/2 years/indefinitely 3 |
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wuufl 1: n1sviuladosdu wiinUaz 300 Mw 1tu 6,000 Mw aglud 2579

6,000.00
5,000.00

4,000.00
3,000.00
2,000.00 l | |
1,000.00 ' ' l
~T '

2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575 2576 2577 2578 2579
B Yearly Addition (MW) 1 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 450.0 450.0

W Existing Capacity (MW) - 300.0 600.0 900.0 1,200 1,500 1,800 2,100 2,400 2,700 3,000 3,300 3,600 3,900 4,200 4,500 4,800 5,100 5,550

MW

Rate Impact: 6,000 MW by 2036, High Export Rates
Revenue Impact: 6,000 MW by 2036, High Export 0.016

Rates 0.014
0.014

16,000
0.012

14,000
12,000 0.010
10,000 0.008
m 2018
8,000 0.006
m 2027
6.000 0.004
4,000 W 2036
2,000 0.002
0.000

MEA TOTAL MEATOTAL PEATOTAL PEATOTAL
COST BENEFITS COST BENEFITS

0.010

Baht/kWh
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LUUN 2: 1iNUaz 600 MW 1U% 12,000 MW A1glud 2579
12,000
10,000
8,000
= 6,000
4,000
2,000
2561 | 2562 | 2563 | 2564 | 2565 | 2566 | 2567 | 2568 | 2569 | 2570 | 2571 | 2572 | 2573 | 2574 | 2575 | 2576 | 2577 | 2578 | 2579
1 Yearly Addition (MW) 600 | 600 | 600 | 600 | 600 | 600 | 600 | 600 | 600 | 600 | 600 | 600 | 600 | 700 | 700 | 700 | 700 | 700 | 700
= Existing Capacity (MW)| - | 600 |1,200 1,800 2,400 |3,000 3,600 |4,200|4,800|5,400|6,000|6,600|7,200| 7,800 8,500 9,200 9,900 10,60 |11,30
Revenue Impact: 12,000 MW by 2036, High Rate Impact: 12,000 MW by 2036, High Export
Export Rates Rates
35,000 0.030 0.028
. 30000 0,025 o
© 25,000 :
= £ 0.020
D 20,000 2018 s
45,000 < 0.015
s m 2027 o
= 10,000 @ 0.010
= m 2036
= 5,000 0.005 0.003
MEA TOTAL MEA TOTAL PEA TOTAL PEA TOTAL 2018 2027 2036 6
COST BENEFITS COST BENEFITS S

2561 2570 2579
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NSTITUTE g o4
LUUN 3: LtWNUag 1,000 MW A8 LU 2563
3000
2000
2
=
1000 1
0
2561 2562 2563
Existing Capacity (MW) 1000 1000 1000
B Yearly Addition (MW) 0 1000 2000
Revenue Impact: 3,000 MW by 2020 High Export .
P Ratos y gh =xp Rate Impact: 3,000 MW by 2020, High Export
Rates
8,000
7,000 0.016 0.014
§ 6,000 0.014
& 5000 0.012 0.010
£ 4,000 m2018 £ 0.010
S 3,000 m 2019 < 0.008
= T 0.005
s 2000 = 2020 @ 0.006 :
1,000 0.004
- 0.002
MEA TOTAL MEA TOTAL PEA TOTAL PEA TOTAL 0.000

COST BENEFITS COST

U HANITANHIUDITATINTTINE

BENEFITS

2018 2019 20267

2561 2562 2563
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Reduced

electricity sales
(cost)

DPV Policy Self-consumed . r@’r‘;';’igs t
Design DPV generation T

Changes to
Electricity

Deployment Tariffs

DPV _ -
Customer DPV generation energy cost
exported to grid :
Economics P 9 (benefit)

anaflu
N usa
au dudu
Quota

()

Payments for i3
exported DPV ATNR

electricity (cost) Wla'l;
AUNR
ATAINAR
Wialieay
Aulvian;
URzan
Changes to Ft Sudia
WA Ina
gau

Distribution
Utility

Ratepayers

DPV Owner

AN Darghouth, N., Zinaman, O., and Tongsopit, S. (201 7



6,000 MW 3 N5M20951A5UZa AN lnadaw: Low, Medium, and High Export Rates

Revenue Impact: 6,000 MW by 2036, High Rate Impact: 6,000 MW by 2036, High
Export Rates Export Rates
_ 20,000 0015 0.014
T 15,000 - 0.010
> 10,000 m2018 < 0.010
2 5,000 J =
= i m 2027 £
c S 0.005 0.002
S MEA MEA PEA PEA W 2036 - '
= TOTAL TOTAL TOTAL TOTAL 0.000 E—
COST BENEFITS COST BENEFITS 2018 2027 2036
2561 2570 2579
Revenue Impact: 6,000 MW by 2036, Medium Rate Impact: 6,000 MW by 2036, Medium
Export Rates Export Rates
15,000
5 10,000 I e 0011
> < o 009
S 5000 j I m 2018 Ef 0.010
= m 2027 S
S g 0005 0.001
S MEA MEA PEA PEA m 2036 —
s TOTAL TOTAL TOTAL TOTAL 0.000
COST BENEFITS COST BENEFITS 2018 2027 2036
2561 2570 2579
Revenue Impact: 6,000 MW by 2036, Low Rate Impact: 6,000 MW by 2036, Low Export
Export Rates Rates
_ 15,000 0.0080 0.0067
© 0.0055
10,000
< =018 < 0.0060
@ 5,000 < 0.0040
= 2027 £
S MEA MEA PEA PEA m 2036 @ 00020 09999
= TOTAL TOTAL TOTAL TOTAL 0.0000 e
COST BENEFITS COST BENEFITS 2018 2027 2036

7l nan1sdn¥uaIlATINITINa 2561 2570 2579



12,000 MW

Million THB/year Million THB/year

Million THB/year

3 N5M28951AN5UZa AN lrnagan: Low, Medium, and High Export Rates

Revenue Impact: 12,000 MW by 2036,
High Export Rates

40,000

30,000

20,000 m 2018

10,000 I I I I 2027
— —_ —_ — m 2036
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Revenue Impact: 12,000 MW by 2036,
Medium Export Rates
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Revenue Impact: 12,000 MW by 2036,
Low Export Rate
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Rate Impact: 12,000 MW by 2036, High
Export Rates
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Revenue Impact: Four Cases of Export

Rates
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Revenue Impact: 12,000 MW, Four Cases of Export Rate Impact: 12,000 MW, Four Cases of Export
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Growth of electricity sales in PEA and MEA
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RESENRCH 11118 ~ Chulalongkorn University
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Average Retail Tariff, THB/unit (incl. Ft, excl. VAT)
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Target Year 2036
Annual 2%
wholesale

rate increase

Annual retail 1.8%
rate increase

Annual 3.75%
projected

load growth

rate

Annual 1.50%

inflation rate

Share of DPV  10:10:40
deployment -40
(res:SGS:MG

End year of
AEDP

Projected in
PDP til 2036
(2579)

Average annual
growth of retail
rates from
2006-2016

average annual
growth of load
from 2006-
2016

Average core
inflation rate
from 1998-
2017

2a LLuzﬂﬁmﬁﬂmzv‘i'\mu
4 AnAaFILNaNIN A]N
huatadafidadiulu

ANTRYNULaLNINRNAY

AEDP 2015-2036

PDP 2015

Analyzed from
EGAT’s Annual
Reports

http://www2.bot.or.th/st
atistics/ReportPage.asp
x?reportiID=409&langua
ge=eng
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Kittner, N., Lill, F., Kammen, D.M. (2017) Energy storage deployment and

innovation for the clean energy transition. Nafure Energy. 2 17125.
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%
N « Costs of battery storage
X s technologies are reducing at a
= faster rate than solar PV and
wind at similar points in their
. IR trajectory

« With increased R&D investment, grid-scale lithium-ion batteries
could reach $100/kWh by 2018 (from $300/kWh in 2017).

« The combination of dispatchable solar, wind, and battery storage
offers cost-competitive and more controllable power system supply
options compared to coal or natural gas

Kittner, N., Lill, F., Kammen, D.M. (2017) Energy storage deployment and
innovation for the clean energy transition. Nafure Energy. 2 17125.
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Real growth of solar PV capacity (gigawatts, red line) has consistently
outperformed projections from the IEA (black lines), the German Advisory
Council on Global Change (WGBU, blue line) and Greenpeace (green

lines). Source: Creutzig 2017. >



