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The -meteri ng experience I n Pak

Pakistan esimableirsimgd regtul ati ons in 2015 wunder

Regul at or y@ Aitshtorriibtuyt ed GenerBégohaandndlet o Meneo:l
adoption of di stributed renewabl e energy. These
renewabl e edietcerimcedyciomg grid dependence and al
back to distributi onnscuomepasn imeest a(r inleYC Bgy)s.t e®s b en
mont hly energy credits and receive quarterly con
grid.

With the gl obal decline in solar prictelsmatngdr ri si
sbar installations have

accelerated, especially

i n t he past year .

Currently, around

141, 80@dnetnerti ng

consumers ®n Pakistan sesco North

DI SCO net wor ks

contribute roughly TESCO

2,200 MW of sol ar e

generation capacity. e

Behitnhdaet er e

install ations, QEsco

particul arly i n ! MEpeo

industrial se

al so growing South SEPCO

wi t h i mited

available from

and regul » HESCO

Bl oomberg rep =

in the hArst ei ght mon. ...

of t his year al one,

Pakistan i mported 13

GW of sol ar panel s, potentcaht ysbiefting ghéedsdal
(the "duck curve") due to solar penetration. Th
management challenges, such as voltage rises an

areas with high solar penetration.
The costs of distribution, transmi ssionsnedgnd anc
metering DI SCO cust odmetr &r idfufe a dj uPsatkmesntta nme c hani

crossbsidy or cost shiftimal leédhfgichngtdiavemstiparipi
f or -ilnocwme consumer s, who are shielded from tari:
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Key Findings
Foll owing are the key nndings of our tariff i mpa

T Netmmetered distributed solar sygéemse prosumer

1T Behttnhdmet er installations are also i mpacting

T Prosumers who install solar systems accordi ng
electricity bills to near zer o; however, tr
sactioned | oad may even receive negative bill

T Energy sales and demand from the grid have d
primarily during daylight hours, indicating
penetration of solar energy.

T I'n a It yspciecnaar i o-mea eXt @ ngWsyast em all ows pr osume

nxed cost of 20 PKR per wunit by relying | ess
1T The nhAxed costs avameded bywsbehliatdi ons vary w
penetration, &verkaRgipreg arndund

T I'n FY2202&2pproximately PKR 200 billion in gr
solar consumers, |l eading to a tariff increas:¢
T With substantial solar i mportdsdemasdywal] idec
more than 10%, with estimates suggesting a 15
for Dbelkmetder installations remain uncl ear. T
17% increase in the base tariff.

T For current asbB®wl rgedaction in grid demand tt
result in a shift of -P&KRafl3dobslUmeos annaabt g
reduction to 10% will shift an even | arger c

sol ar .energy
T High di stributed sol ar generation poses c ha

instability, rever se power Nows, and increa
freqguency regul ation and reactive power supp¢
adjustments and careful demand balancing to 1
T | f sol ar penetration and installation rates
that the Pakistan grid will experience a "duc
T The grid will face signincant challenges in r
winter, especially on clear days, due to inst

|l evel s of distributed solar generation.
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Recommendat.i

At mbment
i mpose on
existing

bet ween

customer s, benenting
either be subsidized
tari ffs. Further mor e,
operations, necessitat
signincant nAnanci al
di stribution of costs

parti ci patpargt iacnidp antoinn g

electricity

Following is the summary of recommendations:

Recommendation

1. Introduction of
Feed-In-Tariffs

Description

Implement differentiated FiTs
to promote solar and battery
storage usage.

ons
it is essential to address the econom
Di stribution Gpamptainciiepsat(ibnlgS Celdse)c tarnidc int
el ectricity balancing meciloasni sdm fd ea * nrce

i mpoeattesr eanddi sxpormbtug ed orgem
them wi [

th a premium

b yp abrl tSi CcO sp tacdrin epges scstuehd oaurg ht d nn

as DG
i ng i

penetration
nfrastructure

i melfioaet,i aodresy efl @rpi DIgS @Od .i cTle

associated with

customer s.

net

Key Actions
Daytime FiT: ~12 PKR/kWh

Nighttime FiT: ~25 PKR/kWh

Transform Net Metering to Net Billing

2. Shift to Time-of-
Use (TOU) Tariffs

Transition from slab-based
tariffs to TOU tariffs for all
consumers.

Remove slab tariffs

Provide alternative subsidies for low-income groups

3. Revaluation of
TOU Rates

Adjust TOU rates to encourage
off-peak consumption and ease
peak demand.

Adjust TOU rates to reflect nighttime peak demand
around 11 PM to 12 AM

4. Demand Charges
and Minimum
Monthly Bills

Introduce demand charges and
a minimum monthly bill for net-
metering users.

Non-Net Metered Residential: 500 PKR/KW/Month

Net Metered Residential: 1,000 PKR/kW/Month

Non-Net Metered Industrial: 1,250 PKR/kKW/Month

Net Metered Industrial: 2,500 PKR/kW/Month

5. Special Incentives
for BESS Integration

Support BESS deployment,
especially in high solar areas, to
improve grid stability.

Offer financing schemes for BESS in solaheavy
areas

Utility -led BESS deployment

6. Creation of
Ancillary Service
Market

Establish a market for ancillary
services, including frequency
and voltage support.

Set up an ancillary services market

Allow BESS and DER to participate in this market

7. Locational
Marginal Pricing
(LMP)

Optimize grid usage by
introducing LMP to reduce
congestion and transmission
losses.

Implement LMP to strategically place distributed
generation and improve gridefficiency

8. Incentives for Data
Centers and
Industrial Parks

Offer fixed -rate electricity to
data centers and industrial
parks to utilize surplus
southern grid power.

Fixed rate ~25 PKR/kWh for 10 years in areas like
Port Qasim, Dhabeji, and Nooriabad

9. Revision in
Distribution Code

Update the code to incorporate
Distributed Energy Resources
(DER) and bidirectional power
flow management.

Integrate DER guidelines

Implement control mechanisms for oversupply and
curtailment

10. Distributional
Equity Assessment
(DEA)

Conduct DEA to ensure
equitable cost distribution and
protect vulnerable consumers.

Identify financial burdens on non-participating
consumers

Develop fair tariff structures

.
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Li st of Abbr evi

ij Euro

ACC Avoi ded Cost Calcul ator

AEDB Alternative Energy Development Boar
A MI Advanced Metering Infrastructure
AREP Al ternative & Renewable Energy Polii
ARERA Il talian Regulatory Authority for Er
ASEAN Association of Southeast Asian Nat.i
BESS Battery & Energy Storage System
BTM Behind the Meter

CAGR Compound Annual Growth Rate

CCP Common Coupling Point

CEC Col | ectGovres uSnepd tfi on

Cf D Contract for Difference

CHP Combine Heat & Power

CoD Commerci al Operations Date

CPI Consumer Price I ndex

CPP Capacity Purchase Price

CPP& CentProawer Purchasing Authority Guar
CPUC California Public Utilities Commi s:¢
DER Di stributed Energy Resources

DES Decentralized Energy Systems

DG Distributed Generation

DI SCO Di stribution Company

DLR Dynamic Line Rating

DNSP Di str iNeuttwoornk Service Provider

EEG Ger man Renewabl e Energy Sources Act
EPP Energy Purchase Price

ESCOs Energy Supply Company

EV Electric Vehicles

EVN Vietnam Electricity

FESCO Fai sal abad El ectric Supply Company
Fi T Feed in Tariff

FY Fiscal Year

GEPCO Gujranwala Electric Supply Company
GHI Gl obal Hori zont al Il rradiati on

GSE Gestore dei Servi zi Energeti ci

G Wh Gi ¢datt Hour s

HESCO Hyderabad Electric Supply Company
HFO/ RFO Heavy Furnace Oil

HS D Hi gh Speed Diesel

Hz Hert z

| EEFA Il nstitut eEdmmorkinesy gynd Financi al An
|l ESCO Il sl amabad El ectric Supply Company

| GCEP I ndicative Generation Capacity Expz¢
I OU Il nve®woed Utilities

K Wh KidWatt Hours

K Wp KiWatt Peak

LC Letters of Credit

LCOE Levelized Cost of Energy

LESCO Lahore Electric Supply Company
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L MP
MD |
MEPCO
Mol T
MWh
NAEPP
NAP
NAPPP
NBT
NCCP
NEM
NEP
NEPRA
NLDC
PDP
PESCO
PG&E
PKR
PPA
PPI B
PV
QTA/ QTR
RECs
RECs
RES
RLNG
SAPN
SBLC
SCE
SEPCO
SG&E
SO
T&D
TESCO
TOU

T Wh
UsbD
VND
WREGI S

Locational Marginal Pricing

Maxi mum Demand I ndicator

Mul tan El ectric Power Company

Ministry of I ndustry & Trade

MegWatt Hour s

Nati onal Average Energy Purchase Pr

Nati Aation Pl an

Nati onal Average Power Purchase Pri

NeBilling Tariff

National Climate Change Policy

Net Energy Metering

Nati onal Electricity Policy

Nati onal El ectric Power regul atory

Nati onal LCaedhtbhiespat ch

Nati onal power Development Pl an

Peshawar El ectric Supply Company

Pacinc Gas and Electric

Pakistani Rupee

Power Purchase Agreement

Private Power & Infrastructure Boatr

Photo Voltaic

Quarter Agj tiatimeint / Revi si on

Renewabl e Energy Communities

Renewabl e Energy Certincates

Renewabl e Energy Sources

Regasined Liquined Natur al Gas

South Australia Power NetworKks

Stand by Letter of Credit

Southern Edilsdmrni a

Sukkur Electric Supply Company

San Diego Gas & Electric

System Operator

Transmi ssion & Distribution

Tri bal El ectric Supply Company

Ti me of Use

TeMat t Hour s

United States Doll ar

Vi et n aShmegs e

Western Renewabl e Energy Generatior
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Renewabl e energy sources are gradual Isyy sgtaegm.i nign r
the early 2000s, solar and wind esheamgegr doyarled ryd g
contributing |l ess than 1% to the nat, omneane vedbelca |
sources have started makiodna@r naatnidc enai bnlde giennreoraad si,¢
increasingly importaas gshdwmgidinreTHties emteirfgty imd xpar
trend aiendwge tomel i ance on fossil fuels and incre
with thé& coewmretwaypl e energy targets and commit men:
Installed Capacity - 1982 to 2024 Installed Capacity - 1982 to 2024
30,000 3,500 100%
m Fossil Fuels 0%
25,000 mmm— Hydro 3,000
80%
Renewable (Secondary Axis)
2,500 > 70%
20,000 8
2,000 560%
%15,000 % 1:;350%
1,500 =
o 40%
10,000 g
1,000 & 30%
20%
5,000 500
10%
[o] o] 0%
;;c:s;i\’Fue\s ll-—1;fdro Llﬁe(Seccndury..A;is;
Fighreenewable I njection in Pakistan

PakiBntnemewabl e energy sector has seen signihAcan]

renewabl es cont8r% kwt & heer cnuand oh a l gri d, wi th win
approximately 1,800 MW and 2,000 MW, respehei vel
| argest renewabl e source, contributing nearly 10
about 30% of Pakistan's total installed capacit
achieve 30% of its energy frompoweelalblye s20@dxc
transl at es t o an esti mated 20,000 MW from sol a
supported by policy reforms |ike the Alternatiyv
hi ghligh#d Raknmstanent to redooaingnpotsedepesnsndehc
enhancing energy sustainability.
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1. 1IPurpose of the Study

The purpose of this study is to comprehensively
di stributed generation penetrati on dihtehawetaddiomg
the electricity |l andscape in Pakistan.

Tari ff ShiNfetts MearerNomg User s:

The Stutdy arnansyze how the i mplementation of sol a
for consumers not participatlingonsi dér pPhegir @amli
cost di stribution and equity among different o

understanding of the broader economic i mpacts.
Financial | mpact on Utilities:

Anot her obpeasseesitshe noansobhbari ipstcabubad gen
compani es, particularly focusing on potenti al r
Understanding these nAnnanci al dy ntaemi m ss U st airruahk iall
util ity otphea add mtnesxti nof i-gnecrreeraasti endg ecloencsturmiecri t vy .

Policy Gaps:

l dentifying existing gaps in the current electri
and net metering policies is anotherndkewhdétolrmars
these gaps hinder the further adoption of sol ar
burdens on different stakehol der s, which i s esse

Il ncentives and Subsidies:

The research wiakt oévigewetrhmhemenhmpi ncentives, tar]
on the adoption rates of sol ar net metering.
mechani sms is vital for promoting renewabl e ener

Grid Modernizati on:

FinyglIlthe research will explore the necessity for
of di stributed sol ar generation. This includes
advanced inverter technologies-BEnSd8hBatht eamye Emér
for enhancing grid resilience and efhciency.
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1.2. Concept of Net Metering

Net metering serves as an incentivizing program
renewabl e energy sources. Wit hiam ddres ufmmeamelwags k
opportunity -sbtensetakiwvabheornergy power plant pr
reliance on the grid. Simultaneously, the consu
grid and is permittedgyt ounsiutpsp | gye naenrya teexdc ebsys tehneeirrt
electricity grid. These surplus units are meticu
the total units consumed from thdfgtidhr augphr o
mechani sm, net ecnmetveerliyngenecfour ages consumer s t o

renewabl e energy systems.

Figuare€oncept of Net Metering

1.3. Concept of Behind the Meter (BTM)
There arvae nt wypes of soGraird i a@&rdiadD faQifdfosnyssst eOms o pe

independently and do not interact with or use gr
the scope of t hi-Grirde poystt. e nWéi,t hhi mweOmeorn, n gtuhreart @ oairse
Net Me t e rBierhgt e t ¢ ®
installlmtNetnsMet e —

we previously dis @ o g TS T

generate electric gttt ] =]
installations anc cee ee=

energy back t ot ha prei i 1

Meter instaflhat io o

hand, connect to Front-of-the-Meter Behind-the-Meter
informing t he u (FTM) (BTM)

designed t o avoi

surplus power . Cunoumc: o uo oy

Be hitnhddet er setup FiglirdBehind the Mete

sol ar for -daper mel osnel 1
whil e using the grid to dtalwi hpzentigeid pewewur s

voltage control, and reactive power support to
all ows them to avoid costs during daylight hours
services sfsorposveamlidel i very.
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1.4. Setting the theme

Grid demand has been steadily decreasing as di
metering darmkebehi sgstems, continues to offset dze
gr alpénl ow il lustrates this trend: while overall d
sal esdecalviened i &3 gdlmhewnder scoring dfhedii sitcrielawsti ey
generation in reducing dependence on the grid.

DISCOs - Demand vs Energy

120,000 35,000
115,000 30,000
110,000 25,000
- 105,000 20,000
z =
o =
100,000 15,000
95,000 10,000
90,000 —GWh —e—MW 5,000
85,000
2018-19 2019-20 2020-21 2021-22 2022-23 2023-24
—GWh 98,844 98,216 105,490 116,902 106,298 100,563
—.—MW 24,839 24,790 26,349 29,131 30,231 30,150

Fi glirel SCOs Demand vs Energy

1.4.1. Same Day, Different Year

To analyze the i mpact of sol ar enlda gtyy minc aglr i dl €
summeadwas selected from the past thtPeESCORr 61 b mr
Punj ab, Pakistan. The hAgure below highlights h
reshaped daytime demand pronl es, reveadea ngs a p
signinhcantly reduced during peak sunlight hour s
i ncrease, they not only offset a portion of day
magnitude of peak |l oad pernddesompleaxi agmamd ap mon

operators to manage.

24h Analysis of 30th June of last 3 years

3000

I e
e ———"

1000

Daytime demand has noticeably dropped due to
solar injection, with a significant 37% decrease on
sunny days in 2022-23 compared to 2021-22.
500

Night Hours

MW

[-) 7 8 9 10 T 2 13 14 15 16 17 18 19 20 21 22 23 24 1 2 & 4 5

—2020-21 =——2021-22 =——2022-23

Figure4 Hour Analysis of a single day
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1.24. The Sol ar Ef fect

The graph below presents the sal edflL&ESCH®, aGEPKE®O, 1
FESCO, &aESCROHPRPO@r aysawvemeri od8fitom2d2®i spl ayed
gi gafwwawtr s (GWh), this data tracks each DI SCO' s ¢
in the220p2lri od, mar king the highest eletaricit)
energy signincantly i mpacted the grid.

The Solar Effect

Max Sale
30,000 The Solar Effect
covib Recorded © SolarEtrec

25,000

10,000 o— -

5,000
- | ESCO - GEPCO @ FESCO IESCO MEPCO

2017-18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24

Fig@aireThe Sol ar Effect

Since-23022l | DI SCOs in Pakistan have witnessed
While economic instability sapdr éehsd gérd i cheNmarn db,n tt
continued -2A, F¥vemw2Bs eRakiosnyamhowed early sign
certain macroeconomic indicator s i mproved. Thi ¢
economy, points to disajradrbudcrdt rsiod watri reqy efraggt ars. a
This phenomenon, referr ) - Effec
underscores the growing BTM vs NM Ratio i buted
sol ar on grid demand, 10 peak
sunlight hours when sol 2x est . Tl
trend is especn arldgi omro

by DI SCOs such as LESC! 0O,

wher e sol ar adoption 1x ar e
increasingly of fsettirt i on.
Consequently, this shif uci ng ¢
electricity sales but i tradi ti
demandonp es, presentini

chall enges and opportun Net Metering Behind the meter agement

ARZACHEL  Page7|




1.4.3. The Daytime Decline:

The data in the graph below reveals a distinct d
of 2024 compared t o 2c002n30 midce scpointdei tiinopnrso.v eTdhies r €
demand aligns <c¢closely with the growth in solar
dayl ight hour s. Notabl vy, while daytime demand o
demand has hetscestieagyt hendmpact of sol ar energy
during peak sunlight periods. This trend emphas
demand pronles, reducing grid reliance iqipdawiwical
electricity demand is being met across different

Daylight hours Energy GWh (0900 to 1600)

4230 4143

GWh

3,884
3,666
3,235
3,007 3,016 2,970
2,750 2,775
I I I ] I 2'694 I I
May

January February March April

June

m2023 m2024

Figureayti me Decline

The comparison of monthly ener dy¥Yy anmd2Bnptei8cm | dat
a distinct decline in daytame 2@y gidersphB¥tR2BdanMay
in total daily energy consumption. This trend,
energy usage patterns, |likely inNuenced by the
highlighwbitbeaoverall demand has grown, solar er
for -sgupipdti ed power during daylight hour s, ef f ec:
of fsetting a signincant portion of daytime grid

Variation in Monthly Energy of FY 18-19 vs FY 23-24

® Day Hours ® Full Day

14.52%
14.85%

| ossx
. 2.39%
- 4.57%

- 5.86%
I
I 1.50%

I 0.66%

August September October

32
o
Q
~
o

Fig&ire/ariation in Monthly Energy
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\

Bac kg

The Nati onal El ectric Regul atory Authority ( NE
Generation and Net Met er i na Reaul ati ons on
September 1st, 2@l a.
any customer of t hpeh aes SOLAR
connections) can avai PROJECTS IN PO Net
Metering -$doal esmaehewa PAKISTAN -
installations. ‘0“.
. . a

The country is sed4atg o
. . ® @
i mporter of Chinese s . he
si x-t Argest sol ar mar K¢ ° ar
energy boom in Pakist . i ng
power prices, declinii Rack g @ peTcrED rowing
demand, l eading to an 13
gi gawatts of sol ar moaul es I n 1Tne nrst nal f of
2023. Bl oomHersgNEIFe nanrya Chase highlights that Pal
growth potential, predicting the addition of 1
primarily in the residenti al

300

200

100

0
2020 2021 2022 2023 2024

Sources: BloombergNEF, Sinoimex

Fi gure&8l oombeEgMNEPpIM8mdratr dat a

Despite the rapid growth, chall enges remain. |
bottlenecks and | osses, |l ack of cl ear policies,
effectiveness of clean erergy heil €#tsrsi, b Ptakkostmat isc
rradiance and reduction of solar and battery st
or wpaincdr e nds to electrify rural communities. T
f

[
f
o] its power sforuam erse rbogyw@2I3dd, wi th r-secaehé peopeof
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easing interest i

il lustrating the i a n so
megawatts as of 2023, indi

ncr
was reported at 1,244

2. Qurrent SAdaptsatainan
Sol ar energy and net metering have gained sig

government initiatives, policy sabppernatiama ene
sources. As of recent years, solar capacity in
2,200 MW of solar installations contributing to

DISCOs Net Metering Status (June 2024)

) ~2,200 MW
B Per Year === Cumulative (June 2024)

e
= >1,000
482
325
! ’ - — | . I
2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24
Fi g@ e DI SCOs Net Metering Status
Net metering, introduced by the National El ect
) . KE's Cumulative Net Meterjng )
Regul atory Authority (NEPRA) in Odoby has been i
i n promotisecal esmabl ar adoption. By 4aIIowing
consumers to feed surplus solar ene 2g__)MV¥)ack i nt
exchange fometceridng shasmebecome popul ar among
residenti al , commerci al , and ind_.y_.,s-t-t""rial users se
their electricity bill3u@®f reliance _on..the grio
ovelrd 2, emmet erciomgnest hawnme been i ssued,
reNecting growing vamiteus®stse@ico ns.s 202224
1 H H 1 N~ Ne N\ Ar A AN AN AVF 1 1
Dlst_rlbutlon compani es (D_ISFiglueEKectric el encin
dayti me demand due to this ol ar

[
of fsetting a signincant portion of peak grid us
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| sl amaBlaect il soha&axperienced similar i mpacts, wit
demand i n Karachi as solar adoption increases.

Net Metering Registered Capacity

146 2,200
2o [
15 -
= 365 8
kS
o
(=%
o] 496 -
o
2
: .
£
= 566 4
=
281
1 -
TESCO GEPCO MEPCO QESCO LESCO IESCO SEPCO HESCO FESCO PESCO Total

DISCOs

Fi g2 e Net Metering Registered Capacity

2..2 Regi onal |l nsi ght s

Pakistan has a tot al of 157,481 net metering con
(DI SCOs)Ela&rd r Kc . Among the DI SCOs, LESCO (34,51
(34,162) l ead with the hi ghest numbersst romfng net
preference for solar power in these regions. FES
wi t h 17,122 and 11,242 <cofEdemdrrd cr ehsase cltsi,veell 4y , n
consumer s, i ndicating growing ihnt.erlenstcamt rraesnew

served by TESCO, SEPCO, HESCO, and QESCO have fe
to variations in infrastruct (irne |andd hagwarEe MeBsls .n e”
metering consumer s hi ghowaghds Pagkisimaabbe sbahét
supporting both environmwmeftal egegl s and energy s

No. of Net Metering Consumers
45000
40000
35000 MEPCO
34,187
30000

25000

20000
FESCO £
-Electric
15000 22 15,604
GEPCO 3
10000 N,242

5000 QESCO
170 . HESCO P j SEPCO
461 91

Consumers

-5000

-10000

Fi g3 e No. of Net Metering Consumer s
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I n contrast, some DI SCOs have signihcdrmEtSICYO, f ewe
SEPCO, and HESCO, col I ect [V &rledo rrABHGsQY et i ng  f or

only a fraction of the total . cofNgrifogs di sparity suf(
that regions served by | arwpecdic Dusis are seeing
faster adoption of sol ar t=wsthin o |=@giyre l'i kely due
greater awareness, accessi“Prgalsepices y | and Nnnanci al
capacity among consumers in

The data also highlights rowth and

targeted support, -sparvieidc
regions where net meter.i gai ned
wi despread traction. Addr S i n the:

areas could hrel pdepgtpiand
supporting Pakistan's goa bl e ener g
i ntegration and reduc-i ng on grid

supplied electricity during ight hour s.

The chart tsh8&% 4nkea enrcetd

connections.ar.e from rl‘-‘F‘iAg-:lJLLt:el-Der-c-énAt“a-ge wise i Ng
them the majority. Com _ sent
8 %, industrial 4 %, agriculture 2%, and gener al
residential wusers ar e t hieng,r iwdatrhy laidnoiptteed sp aorft ince

sectors.
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2.3. Solar Energy Landscape

Pakistan, strategically |l ocated in South Asia, b
its abundant sunshine and growing ddreerogne de herRds
sol ar energy production. According to recent S
experiencing exponenti al gr owt h, driven by favor
environment al concerns.

SOLAR RESOURCE MAP
PHOTOVOLTAIC POWER POTENTIAL R oawkosouP  BESMAP
- . fre e ' SFTEaTn
MODEL UNCERTAINTY REDUCED o &
BY GROUND MEASUREMENTS

3 I Y I
30 ¢

Long-term average of daily/yearly sum, period 1999-2016 0 100 km
Daily sum: < 3.4 3.8 4.2 4.6 5.0 5.4 58 >
KWh/kWp
Yearly sum: < 1241 1387 1534 1680 1826 1972 2118 >

his map i published by the Worid Bank Group, funded by ESMAP, and prepared by Solargis For more infarmation and terms of use. please visit http://globalsolaratias.info

Pakistan meeeiages saharr rkavhi/at2i/idayof making it an
solar energy generation. The country's geograph)
unique opportsoaktyg $ofFral afgems:t efThm savmagangde h @dws |
yearly photovoltaic output potenti al (kWh/ kWp) ,

sol ar power generation. Areas marked in darker

out put potential, such as parts osf 2B adl0o0c hkiVsht/ aknwp
Paki stan's energy demands are increasing rapidl\
around 5,000 MW. Solar energy can help bridge ¢t}
millions of Pakistanis.

The country'onscdhadtdalsirgemgincant potenti al for wi
hours of sunlight per day make solar energy an

increase its hydropower capacity from 9,000 MW t
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2.3.1. Demand vs GHI

Il nhits study, data was sdi3urpcleadt fforronom tfhoec uvgoirnlgd oBna nl
Lahore Electric Supply Company ( IBESO)n rleoga do ng e n

Lahore's selection is strategiona¢i gendi asndsii grmi
key urban and industri al hub.

The analysis compares Gl obal Hori zontal Iltrotadi an
electricity demand on July 14th, capturing a con
conditions driven by cooling requirements. GHI ,
horizontal surface, serves as an indicator of so

Demand vs GHI in July

24,000 800

23,500 700

23,000 600

500
22,500

400

Z 22,000 I
= 3000
21,500
200
21,000 100
20,500 0
20,000 -100
1 2 3 4 5 <] 7 8 ¢ 10 M 122 13 % 15 1% 7 18 19 20 21 22 23
Jul-23 === GHI
Fi gy eDemand vs GHI
The compantiweem Lahore's GHI and the national de
how solar energy could mitigate grid -demandurin
regions |like Lahore. Findings indicatel ehatedi g
demand, highlighting the potenti al for ol ar el
primary | oad center. This study underscores the

peak demand, particularl y iuns aaree assu cvwi tahs ctohnec eLnEtSr
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2. 4. Behind the Meter

I n Pakistan, the rapid adoption of sol arhhrepower
meter install ati ons, many of which are not of Ac
Regul atorny yAYINE®PRA). Whil e NEPRA momintexcrts do rsloyl &
systems, geospati al data reveals a widespread

sectors, including factories, residenti al amomes,
Tundehradahi ft toward energy independence and cc
individuals alike generating their own power | oc
unreliable grid. Tentative ef§ti @@ &8s armdindatSe GtwW
di stributed solar capacity has been installed, v

to 8 GW overl?2 hmontehxst, 1dor i ven by increasing aff
storage technol ogi es.

Behind the Meter (BTM)
9,000

8,000
7,000

6,000

5,000
4,000
3,000
2,000
1,000

2021-22 2022-23 2023-24 2024-25

MW

Projected g

Fi g eBehi nds otlhaer naedtoeprt i on

This has been derived from these tentative est.]i

approximately 30% of 4ot al iwndgthaltlhaet iroeansh eanrdesr o f
meter, yetrednrneaeaginett metering systems.

Acknowl edging this substanti al P ma | ad
Energy Resources (DERs) , Strate “'@ ctive
El ectricity Plan recommends that | ESaraLomeer nat i v
Board (AEDBlat emdownitmt ¢edpre Pri vate zof,i-,,ifm d | nfr e
Board (PPI B), coordinate with D on Comyg
Provincial Governments to devel prehens
strategy ai ms to achieve visibi DER pe
i nforsmesd em pl annin@nfdo+# emaeit hos h

components include tracking ann i mports
guantifying installations by vendors and servic
detail ed d#éltaveni hygoceDEBnetchnol ogy, | oc@tiiadn, ofaind
grid, and hybrid install ations. Further mor e, t h
encourage the registration of DERupysvY@lmsatainang
DI SCOs, daspmgnllesa, surveys, and technology to be

resour ces.
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2.5. Current Legal Framewor k and Polic
Pakistan's approach to promoting renewabl e energ

various ohttcberal tpat emphasize the i mportance
generation. These policies aim to not only dive
access, especially in rural and underserved ar e
resdenti al, commerci al , and i ndustri al consumert
i nvest ment in solar technol ogies and facilitat
solutions. The Net Metering P&l 1cyThau skeesy eftiryo md e
other major policies that supportb 2hesevac ldjsect i v

2.5.1. Net Metering Regulations, 2015

Consumers of DISCOs are eligible to install net metering systems. They
Eligibility must have a renewable energysystem (solar or wind) with a capacity
between 1 kW and 1 MW.

A bi-directional meter is installed to allow exporting surplus energy to the
grid when generation exceeds consumption. Energy imported and
exported is measuredseparately for net calculation.

Bi-directional

Metering

If production exceeds consumption, the excess energy is fed into the grid,
Net Billing and the consumer receives a credit. If consumption exceeds generation, th
consumer pays for the net electricity consumed.

Consumers are compensated for excess electricity at the National Average
Power Purchase Price (NAPPP). Credits can be carried forward for up to 3
months; unused credits expire after that.

The consumer is respasible for ownership, installation, and maintenance
of the net metering system, while DISCOs facilitate bidirectional meter
installation and operation.

System Ownership
and Maintenance

A Net Metering Agreement is signed between the consumer and DISCO,
detailing technical and commercial terms. The consumer must ensure
compliance with safety and technical standards.

NEPRA has set standards to ensure consumenstalled systems do not
affect grid stability. DISCOs can disconnect a net meteang system if it
poses a risk to grid safety or operation.

Grid Stability and

Safety

ARZACHEL  Pagzc |




5. 2. Alternative Renewable Energy (ARE) Pol i

Clause 6.1 (Promotion of Di stributed Gener a
xplicitly supports distmethairtiendg geanepartt omf (iDtGy
romoti on. It encourages residential, commer Cci @
hrough net metering, allowing them to sell exce

~ T DHZ N

Clause 6.6 (lncentives ifmadenSdlvers cBrbeer gk b I F
nstallations, including tax exemptions and subs
i stributed generation.

Clause 7.2 (Promotion of Private Sector Il nve
ri vatersea nvest ment in renewable energy, -includi
cale and rooftop installations |linked with net

n T H»Z o THZ

25. 3. National Electricity Policy (NEP), 202

N Clause 3.2.4 (Promotion of Renewatbhe Emteegrygt
of renewabl e energy sources, including sol ar e
support for distributed generation. It highlight

metering to achieve energy diversincation.

N Clae 5.1.6 (Distributed Generation and Net Me
regul atory support for net metering and distri bt
renewabl e resources in the energy mix.

25. 4. National Clim@Pe, Ch@akdgge Policy (NC

N Clause 5.3.1 (Renewabl e Energy Adoption fo
emphasi zes the role of renewable energy in Paki
sol ar energy adoption and net met griemgp haaser ghat
(GHG) emi ssions.

N Clause 6.2 (Distributed Generation and Dece
decentralized energy solutions, particularly sol
to reduce reliance onmhoesichahgels and combat cl

25. 5. National Action Plan, 2019
N Clause 4.1.2 (Renewable Energy and Energy E!

renewabl e energy promotion, particularly solar
Pakistan. Net semetedi mag ias tpoé for promoting th

systems.

N Clause 4.3.1 (DistribG@rtiedd SSelnerr aSobnt iammds )Of
di stributed generation through net metering to
undersermsedofeghe country, par tgrciud asrolyari ns yrsutrean
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2. 6. Tar i f f Structure Overview

The electricity tariff charged to the consumers
and comprises of Gemesati druti dmarmnmdi sSuipgprl,y comp
components Generation Capacity Costs, Transmi ssi
only Generation Energy Cost is variable in natur

From the consumers it is chargadt méintoughd ngedry
adjust ment mechani sm.

: Transmission Distribution Supply _—— ;

- Capacity Purchase - NTDC Transmission - Distribution Network - Electric Supplier - Base Tariff
Price (CPP) Charges (UoSC) Operator Charges Charges / Margin - Fixed Charges
- Energy Purchase - CPPA-G Charges (UoSC) - Variable Charges
Price (EPP) (MO Fee) - Monthly Fuel Adjustments
- Quarterly Tariff
Adjustments
- Surcharges
Units Purchased Impact of Impact of Units Sent Out / Sales
Transmission Losses (%) Distribution Losses (%)
+ Determined Tariff: Means Tariff determined by NEPRA for each License (DISCO)
+ Differential Tariff: Authority determine separate tariff for each Licenses based on their specific allowed para meters.
+  Uniform Tariff: Means Weighted Average Uniform Tariff based on consolidated determined tariff of each DISCOs. - (National Average Tariff)
+ Applicable Tariff: Consumer category wise tariff after incorporation of subsidy & Surcharges to be charged from consumers.

Figu*eTari ff Structure

The electricity tari ff chnaryg consumer s,
referred to esndt hearc o nfsTEEsONp vt
vol umetri c, meani ng -hiotu ri ssmoke R%/-th'- kil owatt
( kW basi s. However, the t : structur e
includes a signincant nrnxed

CAPACITY 1839
For the HAnanei5al tyheearavediiy SN Fwm CHARGES
uni t cost estimated to be 3 ; on the
potenti al sal e of 106, 153 G 1 hi s, vari abl
cost accounted y®EK®RrM & Whma twh i ¥ R?,-ffhlgfjh PRIOR YEAR
t he remainder consi sts of ) 0sts 1ike
generation capacity cost, tra ~' sion <cost anc
di stribution cost. 3550
Since t he tari ff charged t o RAwh 1SUMET S i s
vol umetri c, a reductHdona in Ts_?AIL%_AG. rOﬂSrLPMEéhe grid
to consumers no t,o'l p'luivelcl\hla3| %@DTA IF'f-f-FSS.S PKﬁ/UNIT
result in an inabké&ibtst stto recover these
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2. 6. 1. Last Three Years Consumer end tari ff

The | ast 3 years consumer end tariff approval sh
in demand.

Component wise tariff of FY 2022-23, 2023-24 & 2024-25

[ Fv2o222s [N Fv20232a [N FY202425 |
GWh GWh GWh
Projected Sales of XW-DISCOs | [ 113002 | 110,165 106,153
PKR Million Rs./Unit PKR Million Rs./Unit PKR Million Rs./Unit

Energy Charge 1,152,357 10.20 840,462 7.63 1,161,257 10.94
(Capacity Charge 1,250,959 11.07 1,874,334 17.01 1,952,493 18.39
Transmission & MOF 114,606 1.01 151,363 1.37 163,755 1.54
Power Purchase Price 2,517,922 22.28 2,866,159 26.01 3,277,505 30.88
DISCO Distribution & Supply Margin 244,189 2.1 341,403 3.1 [ 390,502 ] 3.68
PYA 42,409 0.3 73,599 0.6 | 99954 | 0.94
Revenue Req. of XW-DISCOs 2,804,520 24.82 3,281,161 29.78 3,767,961 35.50

Fi gu8Least three years tariff

The -preirt price of electricity is calculated by d
companies by the total energy sal es. The chart
i ncr easwniitn preircleisniisg tthreemdeéci n unit sales ( meas:!
sales decrease, this redueutniian podncter ifbourt ecso ntsou mee
overal/l electricity costs.

2. 7. Grid Reliability and Renewabl e 1In
El ecgriid reliability refers to the capability |
consumer demand, ensuring that electricity is a\
we ek, t hroughout the year. Thi s reenlainab iNuicttyu ait
continuously, driven by wvariations in consumpt:

seasons.

The principle governing reliable grid operation
m_a tch the der D;T;;ﬁﬁ;;ﬁgf Arresting Period
t1 me. I h peaao |—Rebound Period |—Hecovery Period
every me gawat HZ |
electricity r 60.00
gi ven mo me n -

. | ¢ | 59.98 — ::ma;ggmg
equi va ent bc _ ponse bl
power mus ( .

System N

fa nd S UE Frequency 7 -
i nstantaneous ] rgultion W and st
bal ance i s i ?éi:q&“?é"ﬁ?ﬁs%?ﬁ

. uency to 60 Hz
monitored by 59.90

’ | | [ |
oper ators us Synchmngusimnial 10 20 30
response determines

frequen‘cy, w b in.wfmgwnw Minutes
In_ Pakistan. Fast frequency response helps siow the frequency
t hi s fre guen decline, and establishes the minimum frequency (“nadir”)
i ndi cator of gy S aig i ity
and it is achieved by adjusting pFtvwers egdrmerta tciamr
controll ed and ramped up or down quickly as need
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Reliabl e grid arpley aitn omhe pahoitcuterm, depends or

decrease electricity generation on demand. Thi s
technol ogies such as natur al gas, coal, iom hydr
real me.

Renewabl e energy sources {eifkecdaolvaer iand ewimsd,of w|
Cost of Enkafgtyen L&LrOEYNd 4 HpSD scee ncthsalderngleWh t o gr
The intermittent nature ofhnohebe diespatckbedmennsec
and wind generation depend on environment al con
whi ch are not controll able. As a result, the abi

demand at any gincenrtmomentl eadi nmg to Anrmé'ngeed
measuHt eshnol ogies or systems that can ensure pow
supply sufnincient energy.

The cost of Arming intermittent ren¢V®kEl e§ bSO ar
and wind. These nNnrming costs may include inves
batteries, backup generation capacity, or grid
these additional investment ®,seshea warsikabtio idgri d
especially during periods of high demand or | ow
The increment al cost to nArm i nHaesr nsiutcthe nits rdeeshonuerdc
relevant reliability orgarei 4ataidorcsaruyiimg tclag adurl

the current cost of adding new Arming resources.
in this required.

LCOE Including Levelized Firming Cost ($/MWh)®!
$250 -

225 1 Gas Poaking LCOE v17.0 ($110 — $228/MWh) ?
— 200 4 0
= ST g47a H
E| s 4158 $162 $160 !
& $146 I
3 150 4 1
g $123 i
a wyo I B R A & s0 v
b T N B B 106 ... [  GesCombined Cycle LCOE vi7.0($45— S1OBMWH 4
$100 $78 $106 oo
§ 7 $9 $63 §75 67§67 pos $69 $78 $71 $81 $67 E
3 - $80 TS $49 §50 :
= 5[] o
] — = £ - = S - - i B - i N =R N = & E B
53 [ 4 $55 p $54
i 25 ; ) 9 $42 $47 by $44 $50 42 $12
= i §25
0
Solar Wind Solar PV + Storage Wind Solar Wind Solar PV + Storage Wind Solar Wind
ELCC 39% 2% 8% 51%4 14% 51% 19% 42% T2%4 2% 3% 25%
Capacity Factor 18% Wh 2% 2% 2% 2% 39% 18% 18% 42% 2% 3%
Resource Penetration 6% 25% 52% 52% 20% 1% 58% ™ ™ % 21% 44%
S0 CAISO PP ERCOT
mLCOE" Subsidized (excl. Energy Camrnunity]‘:]J Firming Cost "

Source: _Lazard and Roland Berger estimates and publicly available information.

Fi g9 eLazard Study graph

The <chart from the Lazdartd whtiddky sdemamgtdr astoelsa rt
|l eveli zed cost of electricity (LCOE) of 5.3 US
kwWh when Arming costs are factored in for the M
the LCOE of iowml an segsnératm 4. 2 to 7.1 US cents pe
This indicates that achievingbagedwhesd coelmbamlee
with other technfedfofgd cetsi viedry sdtoaubbilleist yt hei sost of
typically projected based solely on solar LCOE.
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Burden -DNat NMatUsrel

The Net Metering program offers incentives to el
di stributed renewabl e energy systems |ike sol ar
customers by allowing them to sell excess elect

di stinct chapdretnigeispdtoirngqnonust omer s.

Firsdatl ymetnered customers are compensated for the

retail rat e, which includes not just the <cost C
(T&D) costs built into el ectri ceicteyi vpr iac epsr.e misu ma
they are compensated for components of the retai
costs.

Secondl vy, customemst ewi t thi bterhiimwdt ed generation (
systems, reduce t heihri Ireeltihdamc a eadru ctelse tdreiid. pWr s
also contribute |l ess to the nxed costs of distr
the wutility (DISCO) must recover from its entir
mai ngaina infrastructure and operations, the cos
customer s, increasing the marqgienalmecestsdbfart mes
custombirs.cost shift is ofwenmeaméhedimi hebyghead
a csodsidy, where customers without DG systems

those with DG install ations.
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3.1 Net Metering Prosumers Benents

Under the current policy, net amevamti agePprocmman
behitrmdaet er prosumers, who pri maupplyi ede neelnac tbryi aiv
the day. I f wH ewdleude Pphevgdidg nNnrming service:
prosumers are as foll ows:

0Savi mgns Avioi di ng Daytime Grid Consumption:

Residenti al consumers who avoid using grid elect
savehe dedlit. a6 SofPKRE@nirtat e Gri dPWnsaol &rr itdhea ttf rilksant e
approximately 12 PKR/ Uni't

0Of-Peak Savings with Net Metering:

Net metering c¢onsperek sgrbiad amicaersgeosf fduri ng the ni
around 41.68 PKR/ruoomtt HeilrusPVY aSelsarAdGenématail o1y, |
customers avoidindheachastt @efy i nypdtaein, as the grioc
mechani sm.

0Selling Surplus Energy:

Net metering prosumers can sel/l excess electric
Purchase Price (NAPP), whi ch27 sPKRJ/rkrVéhn.t | Tyh isse tp raot
extra revenue stream, further enhanci-tnhgmettheeri r nn
prosumer s.

3.2.-Sawsing Potential of 10 kW Resident

A residenti al consumer wi t h adusceaen ctth einre d e |l eoatdr i
signihAcantl vy, potentially reaching zero, by i n:
system. Furthermore, by installing a system that
generate excess gl dceterdii nigt ys uamd uesarpmower back i n
this calculation only considers the base tariff
charges, or t axes. Additional l vy, the cost of S 0|
wi mhcapacity factor of 16.5% for residenti al r oc

Il n Summer s :

Based on the current residenti al tari ff of 47 PI
offeak hours, alongside nxed monthly chargebst pf

bill for a consumer with a 10 kW sanctioned | oa
homeowners can | everage solar net metering to n
al so optimize hAnanci al s avhiingghs ,e leescpterciicailtlyy tgairviefn
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Typical Summer Bills of a 1I0kW Residential Consumer

47,010

32,155

Pak Rupees

1,392

No Solar Installed 5 kW Solar - Behind the Meter 10 kW Solar - Net Metered 15 kW .efered

(14,647)
Residential Consumer
Fi gail@ eSummer s Bill of 10kW Consumer

Il n Winters

During the winter months, as the cooling | oad de
l' i kely export more e¢epeciallty bdmac&l ¢ar t h®eumgmy dd
southern regions of the country. This increased
being sold to the grid, |l eading to negative el ec
the tgramd they use, further enhancing the Ananci a

strong solar exposure.

Typical Winter Bills of a 10kW Residential Consumer

19,404

11,068

No Solar Installed 5 kW Solar - Behind the Meter 10 kW Solar - Net Metered 15 kW Solar - Net Metered

PK Rupees

(15,173)

(29,753)

Residential Consumer

Fi guxWs ntBeiol6l 10kW Consumer

3.3. Shifting of Costs

I'n the hAsc&l4,yddre 20D ected energy units expec:
(Distribution Companies) after accounting for t
GWh. However, the actual wunits delshwertfdalrleaches
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compared to the anticipated ngures. I f we apply
factor used in the PPP (Power Purchase Price) a
at 18.11%, the actual palld®d, & bBTr3hueeh sh gworuel sd  aarmeo ud
from Monthly Fuel Adjustments and Quarterly Adj
duesooper ovi si onal submissions.

Total Discos Unit Sales Actual Vs Planned FY 2023-24

10,165

100,563

Planned Unit Sales Actual Unit Sales

Fi g2 eActual vs Planned Sales

The uni f or mandofrfaufier -2HMY wals2 3cal cul ated at 29. 78
22.15 PKR/ kWh represents hxed costs. Due to the
has increased to 24.27 PKR/ kWh. The reduction o

PKR/ k Whhéea nrecovery of nxed cost s, which will nee
adjustments. As highlighted in Section 1.4, the
morning and dayti me hours. Given thatnthelllanoace
stable, the increased corsdts mwétler il mg gedrys bbrae ho r tn
charges on their total -t bmeatsemp{ Bd M) Whnbambdrdios
di sproportionate burden asnewel | particularly dur

Net Metering Units Procured by DISCOs - FY 23-24

100

83.82

438 GWh
Procuredin FY 2023-24
54.68
47.84
3088 2937
21.48
18.47
1i3 12.65 13.7 I I I 934

Jul-23 Aug-23 Sep-23 Oct-23 Nov-23 Dec-23 Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24

GWh

Fi gu3Fey -2®rocured Net Metering Units
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DI SCOs have procured a total of 438.-28, GWattthhose
ngure does not account for the daytime wnits di
behitrmdaet er (BTM) consumption by prosumers durin

report, by June 2024, approxi mately 2,200 MW o
Metering. Assuming a consistent avermagaeapiprd gt algl &
utilization capacity factor of 16. 5 %, the syst
annually.

Due to | i mitedd mosnstuhnheyd dbaatsae,d ioth recent trends t
generated is exported ftcontstuanegr ibd/, pwhisluene® % diug
residenti al househol ds, the trend -odn % umpsthioowns,
whereas in industrial -aons  cmommieorciiasd BBiegho®mr sdu rsie

I f we conservaat vahyaecditti imana!l tH, 000 MW of PV So

meter over the past year, it would have displ ac:¢
during the day. This means that nearly 9,942 GW
bot h Meeteri ng and BTM sol ar generation. These
signincant reduction in grid demand during dayt.i
In FY-22023&approximately PKR 200 billionsdlnargri d
consumer s, | edingr ¢@asea dfarafound PKR 2 per k W
assessments could also explore the siedpaPcVt soofl afr
procur enNeArPtP(PHat i onal Average PRowesr weulrlc has egrPird
charges idicsrriebutbegd sol ar generation (DG) wusers
and storage, effectively wusing it as a backup ba
3. 4. Fixed Cost Avoidance

For the purpose of analyzing nxed costgrows ar e
subsidies among different tariff categoreinags, anc
tari ff for our caf26uyl NEIPRAs haBordekFYrm0 2xérmdd an av
tari ff of 35.5 PKR/unit. Out cfounbhbs foappraoxiama
while the remaining 24.5 PKR/unit -urneiptr ebsaesnitss angxae
a predenned sales target.

In this analysis, we evaluate a typical 10 kW sa
scenqriimmvol ving net metering and solar installat
metering, consumers effectively avoid aurmiitgni Anc
savings from nxed costs under t henarnetl ymetde r9i3n ¢ Kil
uni t highlighting the nnanci al benents for net

who solely rely on the grid.
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Fix Tariff Component Contribution by 10 KW Sanctioned Load Residential

Consumer
26,460
22,601 22,601
“ 17,728
a
@
a
3
[+
™
o}
o
8,732
. 3,859 3,859
No Solar Installed 5 kW Solar - Behind the Meter 10 kW Solar - Net Metered 15 kW Solar - Net Metered
® Fixed Cost Component Paid by Consumer H Fixed Cost Avoided by Consumer

Figu4deFix TarigRésiCoempbobinaht Consumer

Consider anaotcleenrarti pypiimavlol ving an industri al f ad
sanctioned | oad, operating at full capacity 24/
Maxi mum Demand I ndicator (MDI) at 90% of the san

behitmdret er sol ar penetration are modeled to il
signincantly reduce nxed costs.

Behind the Meter Consumption for Industrial Unit Having Sanctioned Load 5 MW

39,690,000
31,752,000
28,576,800
- 26,989,200
& 23,814,000
o
)
o
x
g 5,876,000
2,700,800
1,13,200
('] I I
Without Solar 50% of Sanctioned Load 70% of Sanctioned Load 80% of Sanctioned Load 100% of Sanctioned Load

Industrial Consumer (5 MW)

m Fixed Cost Component Paying by Consumer ® Fixed Cost Avoided by Consumer

Fi gy eBSToM ar oéf 1l edustrial Consumer

For simplicity, we use t hePKMRxepdercousnti tc of mpoonm etnh
consuamed tari ff of 35. 5 PKR/uni t, as discussed p
capacity wutilization factor of 18% with no curt

depending on theedspeci ndiisndwgdterdi asslhosws how sol &
considerable savings by reducing dependency on
the utility.
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Fixed Cost Avoided per Unit against Total Units

Assumptions Set:

Consumer End Tariff: 35.5 Rs/kWh
Fixed Component: 24.5 Rs/kWh
Capacity Utilization Factor: 18%

No Curtailment 7.84
6.86
4.90 I

Without Solar 50% of Sanctioned Load 70% of Sanctioned Load 80% of Sanctioned Load 100% of Sanctioned Load

.80

Pak Rupees saved per kWh

Fi gl eFi xed Cost Avoided per Unit

3. 5. Tar i f1If owsdYHisgthmePortosumpti on Scenal
Il ncreasing penetration of di-csarmnrsiubnuptteido ns ow-ialrl giemmp
based sal es, with three scenarios projecting r
Al ternatively, sol ar hmen etarusteidon hwi threksde ttaer e d
by nearly the same percentages. Whil e impact ca
component, hi gher dayti me sol ar generation al s

operate atipauvutrahgladdjti dwald opsetratdwaeast.o part

Increased in Fixed Tariff Vs Reduction in Demand FY 24-25

Fixed Part of Tariff PKR/kWH
m Unit Sales - GWh

€

28.89 S

o

100,845 X

< 27.28 =

: :

b 8

@ 5]

T 25.85 £

w =

2

X

24.55 &

Normal Sale less than 5% less than 10% less than 15%
Scenarios
FiguateTari ff and Demand Rel ati on

Fotrhe cuscehtyear, a 5% reduction in grid demand
a shift of PKR 13Lsdlidrl i ®ansuwunmecrosstan ntwa [nloyn. Doutk
10% will shift an even | arger cosblaf BKBrgaggl bi
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The penetration of PV solar distributed generat
behitrmdaet er syst emsi,ncparnets echhtasl | Ring@@Qs @EWtritliictuil @g )

managing grid stability and ensuring a balanced
1.Grid Stabil iRagmminmdg:Demand
One of the most prominent challenges arises from
the daywe$olpaodpaeti on peaks during daylight hour
qguickly falls off. This sudden reduction in sol
requires utilities to rapidly ramprupadtd hém fdemn
Conventional power plants, particularly those r
called upon to nll this gap, but not al/l pl ants

di fAacult to maintang ¢gheder ernabiltibynw geri ods.
2.0veGeneration and Grid Overl oad

Hi gh sol ar penetrati oRrgeanlesroatp oosne sd utrhien gr ipseka ko fs uonv

solar installations, particularly on a dmede sca
l ocally, utilities must ei ther curtail the exce
effective grid management cgeneratage <salhutliead
i mbal ances, forcing wutilities itnog isnopllaermemut pnueta s
paying customers for their excess power, thus af
3.Utility Revenue Loss and Cost Recovery
The widespread atdlemettieorn soofl abre hsiynsdt e ms, especi al |
resul tscddh areadr gy purchases from utilities, | ead
consumers generate their own electricity and r el
of covering nxed infrastructureatdosnt anaignutemaas et
a reduced customer base. This often-slodads utscerisn
exacerbating equity issues and possibly creating
4 Vol tage Regulation and Grid Infrastructure

Anot her technical challenge is maintaining volta
systems, particularly those connected behind the
especially in areas withmbsghi sokat pengtrdtiupaug.
voltage regulators and advanced metering infra
Nuctuations. This also requires more sophistic
operational costs for utilities.

In cdmmnl,uswhil e PV sol ar-eDiGeptriové desercdy,anit oish
grid presents wutilities with complex challenges
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streams, and ensuring that the tiwmatriasgracdudiesi s
generation sources. These <challenges highlight
solutions and supportive regulatory frameworks.

4. 1Pr osumer s’ Effect on Energy Sal es
I n Pakistan, sol ar pr osumedrey eldeneiomd sti g i Mmetaant | ¢
their energy purchases from utilities by generat
power. During daylight hours, these consumers (¢
back to the grid, elleadicreg otho ga idecdeedricity. T
electricity demand | owers the amount of energy U
hour s.

From th® peirbpegtive, this results ineanoesddgtio
vol umetric, meaning that wutilities collect reven
nemetered consumers produce and consume their ow
approxi mately 8%. This decreeseutdlinadaldigimany Wdor e
revenue. Since hxed costs for maintaining grid i
not decrease with reduced consumption and same f
to single buyer model

This memhakiown as the Quarterly Tariff Adjust me
cost i ncreasesnntecat atdl ugeri 8§, compensating for t
metered sol ar consumption and exports. nThdfs <c¢r e
di stributed solar energy -adloati oselisndihecugl fa

raising concerns about fairness in cost distribu
4. 1.1shifting of Peak
has been discussed in the previousdseedi ons

It

the daytime due to penetration of Solar Distrib
electricity demand patterns between July 2015 an
during the day, around 3 PM, haet peuaskt sahbiofvtee d2 2t, a5 C
ar ourmd P8M, with demand exceeding 23,500 MW Thi
consumption timing and an i ncr eyaesar imeroived.al | p e

Shift in Peak Time

22,500 — Jul-15 2023 July 24,000

2015 .*uly Peak occurs at Night time
22,000 —ul-23 Peak occurs at Day time 5500

21,500
23,000
21,000

20,500 22,500
20,000 22,000

12,500

MW - July 2015
MW - July 2023

21,500

19,000
21,000

18,500

18,000 20,500

17,500 20,000
1 2 3 4 5 ] 7 8 9 nom 12 13 1% 15 6 17 18 19 20 21 22 23

Hours of the Day

Figug9eShift in Peak Ti me
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4. 2. Quarterly Adjustment

Quarterly Adjustment is a mechanism desifgned to
initially met, typically due to various factor ¢
component s, t he ©pri ma2rdyb siempraeadt ffroorm FY d2a@23 uni |
20284, despite the exchange rate averaging aroun
(CPI') inNation showing a downward trend, adjustn
Not abl-gyol abncomsumeres boreunt of these adjustments
|l argely avoid these costs due to thei-gecapatceéedy
solar power, resulting in |l ower utility expenses

QTR Adjustments FY 2023-24

2.7492

25

1.7432

124 I

1st QTR Adjustment 2nd QTR Adjustment 3rd QTR Adjustment 4th QTR Adjustment

1.5

Rs/kWh

11502

0.5

FH gB0e QTR Adjustments

Al | calcul ations have been based on -¢meé& warn if fofr sn
hi gher residenti al an-duloimiezean id & buvseers sr s Howes & r
consumers ayniftomgteawditional gr i ds usbosuirdcye sh u rtdheil
along with the Axed cost component, has now been
4. 3. Revenue Loss Calcul ations

Distributed sol ar install ation® OAaBCOnt(Ddscee.i
Compani es) , such as investment in upgraded di st

expense of managing the Distributed Solar Net Me
electricity exported to the grid.

Our reamaluesi s for DISCOs focuses solely on the
sol ar exports and avoided maintenance costs. Qu
would require extensive grid power Now amal ysis
outside the scope of this study.

I n Pakistan, most grid costs are nxed; BRodwever,
the Distribution Wi re Revenue Requirement i s 35
Transmission BuWwReiqgudsse mRkeavtenwe 164 billion PKR (:
projected sales of 106 TWh. This analysis exclud

Consumers u$ihmgt dbehgeder ageaer éei gn, osehett mete
their contributi omrce,t ovhgechd | mwensermd SCO revenu
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increases borrowing costs, and reduces prontabil

costs associated with ancillary services or tec
recogetrlkerough quarterly tariff adjustments, as p
Based on historical trends and recent data on
estimate that Net Metering installations in Paki

cumuleattiovt al to approxi matel y -t3hhMed® r MW.n sNMed A valt ii lc
expected to rise from an estimated 5,000 MW to
factor of 16.5% and that 30% of Net Metldrigmrg dge
sales could experience a 15% reduction. This r
(DI SCOs) in the following ways:

1. Revenue Loss Due to Unrecovered Network Cost s

Unrecovered costs are expected to bé&happooxi maly
around 79.5 billion PKR.

2. Balancing Cost Losses from Net Metering Expor

With 1,520 GWh exported by Net Met ering consume
(assuming 40 PKR/ kWh consumer tariff aod 29. PKR.
billion PKR.

Whi |
her e
cost
reve

these |l osses could be further renned uUsi n
hey are estimated based on average pool pr
are typicaddlgoorpaemedsonhtougbnadj ust ment s
e bal ance.

4 | mprachl 8@6&sati ons including Grid St

> b
n

highlighted in Section 2.6, renewabl e ener gy
ermittent, whirc hd icsrpeaattcehsa bd en ggeech efr@at i on r esou
ance between supply and demand on the grid. (
availability of sufnhncient capacity, which al
kmg ett etriensel demand Nuctuati ons. The increase
erbates these chall enges, as the grid must

t
I
e
[
a
ture of renewabl e energy output.

> O —+ T T
c OO0

i s reliance on dispatchavwdrei agpenaertat i ofn rteon emva
creases the cosHtmdseanaddiltairognaslersidrcwisces r eq
ability, such as frequency regulation and vol
erating bel ow fdkl rappdcirteyspbaoser eeklwiacde s mu
efnciencies, further driving up operational <co
the system.

O T o w T H
53 O3O>S 5 9 X <o T S

>

Pakistan, the capacity costs of maintaimailnagaqgt
round 195 billion PKR annually. When distribute
06 Twh, this translates to a cost of approxi mat
f ancillary services hasthmeotmayetietb eogprerfaulolry gqw
uggest that about 5 PKR of this 18.4 PKR per Kk
alancing the grid.

owor o —

A critical conceltnh oisse twhhaot gpernoesruanieer st hei r own e
metering -bhmebteehri nglo| BHar esysdete msontri buting to t|
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ancillary service costs. As a result, the Ananci
i s shiftedlart comsmumers, who must covfeg drmet sdo
electricity they purchase from utilities.- This ¢
scale renewabl e adoption places on traditional

designing fair compensatitablmecloani siinsttro benmnsomne

4.5. Marginal Price and Sol ar Buyback

Renewabl e resources | ike solar power are typica
al one, without any associated capacity <cost ( CF
depeabl lemamd power. The Energy Purchase Price (

than the NatPow®ur Ahesag®P) cef (RAPPKR per kWh,
includes both EPP and CPP to ensure capacity rel

Hourly Marginal Costs PKR/kWh
30.00
Average NAPP Solar Buyback Price

25.00

20.00

15.00

Rs/kWh

Marginal Price

10.00
5.00
0.00

— AT -24 May-24 Jun-24 JUl-24 e Aug-24
Fi gk eMar gignsa |NAPPrPi

Since sol ar power generation Nuctuates with su

contribute ®t ocatplaei gy i cheeds, assigning a capac
Generators (DGs) nlaackal pjactiaalatoonn Paying a
would be inefnhAncient, as these resources do not ¢
to supplement the grid only when sunlight is ava
t heasi s of EPP reNects a more rational approach,

energy mi x.

4 . 5. Future Forecast

With the rapid penetration of distributed sol ar
battery ener gy cdtedr atghea,t istoliasy exdpepti on wi | | con
year s. Hi stori cal data indicates a compound an
metering in DISCOs, which is used here to projec

ARZACHEL  pages|




Current adaptation status and Future Predictions of Net Metering

10,714 MW

Present Year

mmmm Capacity Per Year

2,200
e Cumulative MW
3
=
2015-16  2016-17 zc;w 2018-19  2019-20  2020-21 2021-22 2022-23 | 2023-24 |2024-25 2025-26 2026-27 2027-28 2028-29 2029-30
Fi gli2eCurrent Adaptation and Future Prediction
I n addmawnd scenario, | GCEP forecasts peak demand
consumption estimated at -2¥58,1855 sGWhr offcercted 2 O:
behitmdredr iinstallations wil/l increase to appr oxi
capacity reaching around 7,300 MW. This growth i
to a "Duck Curve" effect in Pakistamnageeamgehtin
particularly in the winter months following this
4. 6. Early Signs of Duck Curve in Paki
The "Duck Curve" illustrates the challenges pose
power grids, particul drtlsy shalpaer, pvdhwerh. rNasmeanb | fesr

head, t he Duck Cur ve shows t he pattern of net
renewabl e energy generation) t hroughout a day.
mi dday, the demand nftaronpad wesro ufrrceems odamwe signi nec

in the curve. However, as the sun sets and sol ar
. . . n

sources rapidly increases, |l eading to a steep N
Early Morning Hours (1 AM - 4 AM): . .. Afternoon to Evening (12 PM - 7 PM):

In both 2015 and 2023, eleciricity A Typical Sunny Day Comparision In both years, we observe a rise in

demand remains relatively  stable demand during the afternoon as cooling

during the early morning hours. — |- ] 5 —]-23 loads intensify. However, the demand in

However, in 2023, there is ¢ noliceable 23,000 25,500 2023 is nolably higher during The

drop in demand between & AM and 7 ! )2 ' affernocn and early evening hours. This

AM. which could be the early sign of spike occurs as solar generatfion declines

solar PV systems starting to meet some 22,000 and households shift back to grid power,
of the grid demand. which is fypical of the duck curve

21,000 phenomenon.
Morning to Noon (6 AM - 12 PM):
By comparing the two curves, we can 20,000 Evening Peak (7 PM - 11 PM):
see that the 2023 curve experiences a 2 The sharp rise in demand in the evening
distinct midday drop between 10 AM = 19,000 seen in 2023 mirors the situation in solar-
and 12 PM, which is less pronounced in heavy grids where reliance on grid power
the 2015 data. This indicates that some dramatically increases after sunset. The
consumers are dlready benefiting from 18,000 difference in demand between 2015 and
solar power generation, reducing their 2023 during these hours suggests that the
reliance on grid electricity during peak 17,000 21,500 evening peak is becoming more
sunlight hours. In 2015, the demand pronounced as more solar energy Is being
was more consistent throughout the 16,000 21,000 utilized during the day but tapers off in
day, suggesting less solar penetration 1234567 8 921011121314151617 18122021 2223 the evening, leading to a steep climb in
at that time. Hour of the day arid demand.

Fi gi3Eearly Signs of Duck Curve
In this analysis in ngure above, we have comparl

months of 2015 with that of 2023 to examine how
patterns impact grid demamddbahr omgPakti saanypiTbe
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curve" reNects the shifts in demand due to sol a
and reliance on grid power across these two year

Ut Early Morning6 HoM) s (1 AM
The data shows tRM, feiemtii AMtyodémand in both

relatively stable. However, in 2023, a noticeabl
a potenti al i mpact of sol ar PV systems. As da
contributidegnabd geddction, as some sol ar i nstal
al beit at | ower | evels. This drop |ikely repres
renewabl e sources begin to play a role in offset

0 Morni Ngonho (-62ARM)

The period from 6 AM to 12 PM highlights a more
2023 compared to 2015. The 2023 curve displays a

that consumers are increagiowglry geeree atttiiomg dfur o m
hours, thus reducing dependency on grid electri
consistent, suggesting |limited solar penetration

sol ar adoptdaoynt,i nael lgorwiidn gd e man d -gteon ebrea tleeds seel neecdt rai s
a portion of the demand during these hours.

Ut Afternoon to EHveM)ng (12 PM

From noon to 7 PM, both 2015 and 2023 data il lu
with idcecealsieng | oads as temperatures peak in ¢t
shows a signincantly higher demand in the aftern
coincides with the decline in sol adrs gaennde rbautsiionne sa
to shift back to grid power. This behavior alicg
where demand drops midday due to solar input bu
hi gher overal/l demand inr2z202analesonsucpepdstng andg
intensive act Bvirtaipes|liyn dRalkilotpamg ur ban | andscaj

0 Evening P<elak PM) PM

The sharp increase in demand observed in the ev
characteri-benayiafs. sAlsarsol ar energy ceases to coc
surges, driving up demand. This evening peak in
solar penetration rises, the dependence on the
available. This trend highlights an i mportant c¢h:
daytime | oad, it can inadvertently intensify the

require storage solutions or dtelmatntde rtersgprosistei ame c
to grid power as the sun sets.
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4. 7. COeSaCChs Spir al

As more homeowners adopt sol ar panel s, t hey gen

dependence on util it v FNMNAani Acg Whi | &
consumer sol ar ado|
environment, it si mt E’JL'L‘L?:‘::,'

. . . ut still have
utility compani es' high fixed costs
consumer s. To offse oone, wiiyraes

H H H . investin | increase .
utilities often rais  renuwae Ctewersaes whioch,
. energy volum:
in turn, encourages jfchmbses | costs over)

i roof tqp solar, ‘;
switch to sol ar, f u sl
for -sgwdpeld power. Thi
as the "utility deece Solar becomes t o

. . - cheaper than

escal ating prices Grid
nNnnanci al instability for wutility providers.
This scenario exemplines the 'death spiral' con
withenindustry. With grid maintenance costs ric
energy falling, more customers are expected to c
has already begun, necessitating uzegemadt mcd oAU
costs and wutility operations.
$/kWh

Cost of

Renewable

Energy

Grid Cost of
Electricity

Year
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Net Billing, Neh ™MeteffngndFetetd-dMet probggamdebi B
encourage the adoptiomldfowi @agewamlsamensr gy 3wl |
back to the grid, have yielded varied results a
signinAncant hAnancial and operational i mpacts that
grid manage memeér gy policies:

5.1. Vietnam:

Vietnam has experienced remarkabl e growth in it:

attract-iwvet &reiedf (Fi T) 0dAmWqogrtam. i Stsdratlilegd icrmpaci
ball ooned to approximately 16,500 MW by 2020, t

rapid € X 18000
was fuel ¢ Vietnam
Fi T rat esisoon

incentivifg
consumer sg4o00F
adopt
energy.
Circul ar
TIBCTof 0127
introduce
| andmar k-

12,000

10,000 F

8,000

Cumulative installations of solar and wind power at ye:

metering 6,000 |-

Vi et nam haland

promot e 4,000

power . Th

set a d - g® 2000 [ Phiippines [ i‘"gip‘zfe
metering Malaysia __1_#_»=L——-————— indonesia ||~ Myanmar

9. 38 Uus (¢ ° 2017 2018 2019 2020

k Wh, Wi:i.gaj'4reVietnam Renewable Installations

all owed

settl ement wiStDh etxtceh avigl®2 r at e. I't al-seo facFLTEedd
for gmounted solar installations, with a purcha
E W. A suite of policy measures-meuechi ag hegmby
acquisition exemptions, and exeepdedr bamemtr efh@s
scale adoption of solar energy, making the prog
turned into a remarkabl e success, with rooftop
January 2021, as report e\ .byAnViaettmamdEIngc tlr0ilg i9t9
were recorded, with an incredible 6 HPW-cefmbterat t
2020.
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The Transiti

on

FI1 §Sol ar SchgAmper i20 129 20

FEATURES ROOFTOP GROUND MOUNT FLOATI NG
Surplus Ta 9.3 9.3 9.3
USent s/ kWh
Tax Hol i da Yes Yes Yes
Land Cost Exempted Exempted Exempted
Purchase Gu Yes Yes Yes
Exchange Rat 100 % 100 % 100 %
Licensing |l eyRegistratio Registration|Registratio
Company Company Company
Licensing 1 License Reg License Req License Rg¢g
Licensing Du 20 years 20 years 20 year s
System Si 72
Surplus Bil Annual Annual Annual
Program Ca No N o N o
Mi n Ef fAd il eonve 15 % 15 % 15 %
FI TgDlelci si on-223 /May2 ® 020
Surplus Ta 8. 35 7.009 7.69
US Cents/ Kk Rest of Vi ¢
9.35
For Ninh Thug;
Projects COD

*Al'l remainiemainednt heesame
Fl TgRololf Top Solar FIT Cut April 20
Surplus Ta 5.8 No Change R¢g No Change
US Cents/ Kk Resi dent
5.2
Commer ci &
*No other change was reported
In 20Natilbe al Load Dispatch Centre (NLDC) ban
Till 2024, various proposals have been put forwarg
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Grid Curtailments due to High Intermittent Gener

However, this rapid growth outpaced the devel op
| eading to signincant congestion and curtail men
sol ar energy was cwmtsd idlee bl ¢ e ®@ciomp mit © | osses

resour ces.

The concentrated ri se sol ar
install ations over whel s
transmission systaem,l4%

curtail mé@dn® Gd8hei nnose G Wh

regions during soliamn':c
and during the evenin¢ .
PM, when ener gy deman curtailed ar
out put began to dip.

Gener at

This situation highlight™S cal need fo

i mprovements in grid capaci imanagement
systems alongside renewabl e@fnergy promoti on
efforts. I n 2022, all future uptakes were banned

in the country.

Revivi-MgtHNeing in Vietnam:

I n July 2024, the Ministry of I ndustry and Tr ac
cents)/ kwWh for 10% of ft akeSeopft esnubreprl uosf stohlea rs apnoew ey
proposal was put to the Prime Minister proposing
At present, Vietnam hosts approximately 103,000
capacity surpaAcéomrgdiond 0tDo MWhe Nati onal P-ower De
2030 (PDP VIII1I), this ngure is projected to incr
broader strategic outlook extending to 2050.

5. 2.t al y:

I taly, another |l eader icousoleardansd mwli ad emalrlilge
congestion. To address these issues, the country
The I talian transmission operator started depl oy
l ines, wittehgmdehle dfongsi ng the data for optimal po\
has been wutilized as a temporary solution to m
upgr.adehese syst etnsmeu teinlviizreodismeenkt|lad s dtagmper at ur e
spertd dynamically adjust the transmission capac
gr8dability to handle Nuctuating renewabl e ene
proved cruci al in reducing curtail menat iamgl tphe
i mportance of smart grid technology for integra
efaAciently. Additionally, Iltaly has expanded its

the need for Nexi bl e systnemsabt ateneagy stwwbea g
surpasses demdandgr iTerommer dttarl,y i s planning a i 1€
next half of the deca®#e ttr@anmondarsnione i tnHe acd untcr y

shift to decentialitizeadi eaewgy.l Pheoritize expan
congestion, and incorporating renewable energy I
directed toward projleaatgee gduatecas chrgknt l' i nes
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Addi tlilygna enhamecr gr celosst ri city connections will
|l t®l pyosition as a key energy hub in the Mediterr

MSE MEF AEEGSI
Ministry of Economic Ministry of Energy Regulator
G estore d Development Economy and Finance
. . (with others Ministries)

Energetici = | .

~

st astvwened o , i
. Guidelines Ownership 100% Decisions

company i

operates

Energy $

Sytsem Oper

i s respon v ,
Ownership 100% Ownership 100% Ownership 100%

acquiring / 1 N

from produ

prosumer s Aul{, VME VSE

redistribu _
- Electric market, natural
Purchase of electricity e maretand Research on the
t h e ma for small customers -g energetic system
environmental markets

facilitati .. : Z

o

of energy within

CLEAN ENERGY PROMOTI ON SERVI CES RENDERED BY GSE

Support Schemesiftot yRES EIl ec

~
P

the national system.

CIlP 6/92 (a nkitnadr iofff )f.eed

Green Certincates For plants achieving COD by 2011

Feeidn Tariff for gensets up to 1 MW.

Fi xed-i Fe®demi um for PV & RES plants.

Sl i di nign FRreedmi um for PV & RES plants.

Energy Services for RES & CHP Electricity

Ne-Met ering scheme for RES & CHP plants up to 500

Dedi cated Electricity Procurement for procurement

Support Schemes for Elfhiecrinreanlc yYRES & Ener gy

Renewabl e Heat Il ncentive.

White Certincates.

Bi ofuels Support Schemes (Blending Obligation)

Bi ofuels Certincates, sustainabl e biofuels to ent

I'n 200®,1 talian governmentr e gpl a me o h'"sSdckamebtv nomassud r
PostTohi"s framewochpaampopetdi mint ionfdiSvGdulkaW power

systems, regardless of the Hteobeolwhepy bermml opyreodd
consume Hanerg@yigible foerathioanwhalin d¢hmpen el ectr
exceeds thecompemgast icGme ul at ed wawti Inignedei f oAmtuil ¢
Regul ation. 57a&ri2f0fl are adjusted annwually, wi t
i ncurar innxged f ee, md vamUiRalBlOe charge of EUR 1 per
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bet ween 20 kW. aAddbOlDokdM | gapagstgmgrwiadkee at han

requiredf eeeo tpgomyG&kEver administrative, verincati ol
The net metne"rdcnagmbpiroo gsruats i Roes tEx"c hfam@eh )al | owed pr
to offset the value of the energy they supplied
nNnnanci al compensation if their energy comtribut
2023. Thdwt pwas eal so applied to other programs |
all owed credits to be sold to third parties suct
replace these by new measu-cesspdmding omdd ethergryc o H
cer tiamiamci al riemaeé mteidvesntact, including:

House Bonus (Bonus Casa): A tax deducti on
the purchase of photovoltaic (PV) systems

Super bonus 110%:11I0Ms ttiaal Idye daifcft @ roinn o na r e |
incentive has been reduced to 90% as of 2

I n addition, various regional nnanci al i nstr ume
i nvest ment costs for photovoltaic-VEém®&i asyGi @&lmis
Basilicata, Sardini a, Ma rAph e | ROPIBina s hr gz iod, Aagmr
introduced incentivestfadd atbpohsopnsohadaBVi ical t

sectofrfseri ng fundi ng ftohrr awwwgh ot MBeD ¥R eod 0 vt ehrey caonsdt sR
November BBE&3goveamaretae?2dd @d sné / /| i on Ffund ntcaomaessi s
families in installThigs PVunsdy sweesmst o be avail abl
managed by the Gestore dei Pavineidz ic oEparng e tuincdi e r
Mi nistry of Economy and Finance.

Overall, numer ous mechanisms support the adopt i
highly i mpactf ul 110% tax dedusctalosmm RPViaitnst aglinli atc
the past two years has been reduftcreanstfoer9 Ot s amn
el iminated.

Energy Sharing (P2P):
In I taly, the public gridcoonsumptignsUBE
sharing through two main model s:

Col | ec tciovnes usnepltfi on, where the scope is

Renewabl e energy communities, where t
electricity substation that converts
serving up to 30,000 to 40,000 wusers.

Col | ectciovnes usnepltfi on i nvol vessawitbhasatthewospmesobmil
energy resources. Aamypiycalscaeatifalabmultdi ng wi
(PV) system. The electricity generated by the ¢
needs, with bagksunpobushéedrid.

Accordthg toalian Regulatory Authority for Ener
energy Iishaenmnthigves Iin 2022 amountelboudimrr@E@nkl gpe
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generated and consumed withintitboaealcomauket ypr am
reported by the Gestore dei Servizi Energetici (
col |l ectciomes ugnltfi on to dat e.

Commi t ment to a Higher Share of Clean Energy

I'taly has incorporatehl ¢ hEnedregyi Commsniofi Re neRRAC
Se-LCbnsumption (CEC) into its nathabhaRECegirsofjati
not exceed a capac,tgnaodfddnrvMers pgao gprraog heicda l pr oo
points coneecbhbemé medibm voltage substation. I n
Commi ssion ofnhAcially appr olvteal yt'hse pelxaenc uto vpr ama
el ec tprriodiutcyt i cno msnwdmpsteildn. The scheme was designe
of emeaagmmunistuipgpsoramd t he i nstallation of. rlethewal
of f eermeod f or ms owhnoahncamalbai dombi ned:

1. Apremi unont asrelfff & communi ty c200p e gprep tiTawdns pai d
initiativeydgug® hS5abhinbemadddntdedbby ha leéegtric

bills of .all consumers
2.An investment grant covering 40% of costs, Ww
Recovery and Resilience Facility (RRF).

El i gi bil iCtoyD: bBr djuemmet 30, 2026, and | ocated in
5,000 inhabitants

5. 3. Ger many:

As Germany's c¢clean energy transition accelerate

systems grew rapidly, dr i ven ebwa bil rec eEnnteirvgeys Soruorn
(EEG) . Al though these PV syswstodmsagwerge i dgnrecetiad
adoption began to i mpact the | arger power Syst e
encountered before. Ger matnysolwart hceaopnaeci dafi e s he nh
chall enges not only related to grid congestion
power generation caused frequency deviations th
response, Ger maey ee@ohtedi sngitoér solar inverte
out put bastidmeongrriedal frequeHfkyownThas HBeggilé@abden
inverter Haddhomoeldogiyor better control of distribu
generatudrds cuaot ai l t heir out put when nec#8ssary

experience underscores the need for regulatory f
the variability of renewabl e energy.

When examining Germany' yeaosalROoOdbenmagy RO2K2B,f avi t t

share of renewable energy and residual |l oad (der
becomes clear that as renewabl e energy increase:
ti me, t he Nuwdtdwatli dmsadi herceome more volatile and
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