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Why Batteries Matter for Pakistan’s
Energy Future

* Rapidly growing energy demand and urbanization

* High reliance on imported fossil fuels (515-17 B annually)
* Rising share of solar and wind energy

* Grid instability and load shedding

* Need for reliable energy storage solutions

S S

Photo source: HuaPower



Lithium-ion Batteries: Current
Backbone

* High energy density and mature technology

* Applications: Portable devices, EVs, solar storage,
backup systems

e Research in Pakistan: NUST, LUMS, UET, NED

— Solid electrolyte,! Ni-rich NMC,? Kinetics analysis of cells3
— Research articles, Patents, Conferences

* Challenges: high cost, import dependency
e Limited local manufacturing

1. Haseeb Ahmad et. Al. Optimization of ionic conductivity of Li7La3Zr2012 garnet-based solid electrolyte for lithium batteries by LiClO4 filler incorporation,
(2025) Materials Chemistry and Physics, https://doi.org/10.1016/..matchemphys.2025.130596

2. Annam Butt et al,. An effective tellurium surface modification strategy to enhance the capacity and rate capability of Ni-rich LiNiy gCog 1Mng 1O, cathode

material. (2024), Heliyon, https://doi.org/10.1016/.heliyon.2024.e28039

3. Abdullah Javaid et al. Analysis of lithium diffusion and overpotential in lithium nickle cobalt aluminum oxide based lithium ion cell, (2024), Journal of

Electroanalytical Chemistry, https://doi.org/10.1016/.jelechem.2023,117991


https://doi.org/10.1016/j.matchemphys.2025.130596
https://doi.org/10.1016/j.heliyon.2024.e28039
https://doi.org/10.1016/j.jelechem.2023.117991

Sodium-ion Batteries: Future
Opportunity

* Abundant and low-cost materials

* Safer and sustainable alternative

* |deal for grid-scale storage

* Opportunity for local manufacturing
 Need for policy and R&D support

e Research in Pakistan: NUST, PU, UET, NED

— Layered cathodes,! Carbon anodes,? Olivine cathodes3
— Research articles, Patents, Conferences

1. Aneeqa Liagat et. Al. Stabilizing the structure of P2-Na0.67Fe0.47Mn0.5A10.0302 cathodes through Sb-substitution for sodium-ion batteries, (2026) Journal
of Energy Storage, https://doi.org/10.1016/j.est.2026.120572

2. Ghulam Al et al,. Reduced graphene oxide as a stable and high-capacity cathode material for Na-ion batteries. (2017), Scientific Reports,

https://doi.org/10.1038/srep40910

3. Ghulam Ali et al. Polythiophene-Wrapped Olivine NaFePO4 as a Cathode for Na-lon Batteries, (2016), ACS Applied Materials & Interfaces,
J/doi 0.102 i 6004014


https://doi.org/10.1016/j.est.2026.120572
https://doi.org/10.1038/srep40910
https://doi.org/10.1021/acsami.6b04014
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BATTERY ENERGY
EMERGENCY

IN PAKISTAN

1.25 GWh 8.75 GWh

BESS Imported (2024) Projected by 2030

A Pakistan Solar Association Presentation - 2025

PKR 159B

Grid cost shifted to consumers

Pakistan Solar Association - psa.org.pk - Global Presentation 2025



WHAT IS THE BATTERY EMERGENCY?

Three converging forces creating a national energy crisis

Skyrocketing Grid Costs

Electricity tariffs rose 155% in 3 years. PKR 159
billion in grid costs shifted to non-solar
consumers in FY2024 alone (PKR 1.5/kWh tariff
hike). Grid demand fell 10% while capacity
payments rose 29% in FY2023.

Unmanaged Solar Surge

33+ GW of solar installed — 19 GW off-grid and
unmanaged, with no storage. 300 MW added
per month. Solar without BESS worsens grid
instability: reverse power flows, voltage spikes,
transformer stress.

HPSA

Utility Death Spiral Risk

Rising solar exit reduces grid revenue - fixed
costs rise for remaining users - more
consumers go solar - grid faces 'death spiral'.
BESS imports could reach 26% of peak demand
by 2030, stranding LNG assets.

438 GWh of annual grid demand could be displaced by BESS imports from 2024 alone (IEEFA)

Pakistan Solar Association - psa.org.pk

Source: NEPRA State of Industry 2024, |IEEFA June 2025; The News March 2025



THE NUMBERS TELL THE STORY BiPSA

IEEFA data reveals the scale of Pakistan's battery emergency

1.25 GWh 400 MWh 8.75 GWh

Li-ion BESS imported 2024 Imported Jan—Feb 2025 alone BESS by 2030 (BAU scenario)
=4.7% of annual peak demand Monthly trend accelerating =26% of NTDC projected peak demand

438 GWh/yr PKR 1598 23-28 yrs

Grid demand displaced per year Grid costs shifted to consumers LNG plants still locked in

From 2024 imports on daily cycle Net metering impact FY2024 At risk of becoming stranded assets

Pakistan Solar Association - psa.org.pk Source: |IEEFA: Battery Storage and the Future of Pakistan's Electricity Grid, June 2025



BESS IMPORT PROJECTIONS 2024-2030 HiPSA

ATION

Three scenarios — all point to a grid stability crisis without intervention

18 Key Risks:
16 -
14 Grid Stranding
12 - LNG peakers locked in for 23-28 yrs face
underutilisation
10 A
8 .
6 Death Spiral
Fewer consumers bear rising fixed grid
4 costs
2 - l
o N
2024 2025 2026 2027 2028 2029 2030 No Policy Response
B BAU (GWh)  ®10% Growth (GWh) 20% Growth (GWh) Unmanaged BESS = 26% of 2030 peak
demand

8.75 GWh by 2030 represents 26% of NTDC projected peak demand of 34 GW — a near-quarter permanent reduction

Pakistan Solar Association - psa.org.pk Source: |IEEFA June 2025 — Figure 22 & Table 16



WHY UNMANAGED BESS IS DANGEROUS BiPSA

AR A )CIATION

Without regulation, battery storage accelerates grid destabilisation

Consumers Add BESS

Driven by high tariffs (up 155%) and 3-5 yr payback period

Grid Revenue Falls

02
Paying consumers exit; fixed costs remain; capacity payments rise
I
Tariffs Rise Further
03
Remaining consumers bear PKR 159B+ burden; more incentive to defect
|
. Utility Death Spiral
4

Grid becomes unviable; LNG peakers stranded for 23—28 more years

Net-metered solar PV alone caused PKR 159 billion in excess capacity paymentsin FY2024 — consumers absorbed a PKR 1.5/kWh tariff hike
Pakistan Solar Association - psa.org.pk Source: NEPRA 2024; The News March 2025; |IEEFA June 2025



THE 48% IMPORT DUTY BARRIER fPSA

Taxes make BESS 48% more expensive in Pakistan than global average

Duty / Charge Rate Price Impact on Pakistan

Customs Duty 11% Global BNEF Average

USD 115/kWh

Sales Tax 18%

Regulatory Duty 5% Pakistan (lower end)

USD 160/kWh

Income Tax (Withholding) 12%

Pakistan (upper end)

USD 300/kWh

TOTAL BURDEN 48%

Removing these duties would accelerate BESS adoption and
grid modernisation simultaneously

Additional Customs Duty 2% I

Pakistan Solar Association - psa.org.pk Source: Pakistan Customs; IEEFA June 2025 — Table 9; BNEF Dec 2024



BESS IS STILL COMMERCIALLY ATTRACTIVE HiPSA

Despite the 48% duty barrier, Solar + BESS delivers strong returns across all sectors

Solar + BESS Payback Period (Years) Key Findings:

3-5 years

5 Residential payback period (IEEFA)

. 4—6 years

3 1 Commercial & Industrial payback

2

1 17% IRR

0 Industrial simulation return (Homer Pro)

Residential Residential Residential Commercial Industrial
5 kWh 10 kWh 20 kWh 60 kWh 3 MWh

< 5 year
Solar + BESS LCOE ranges from PKR 14.5-25/kWh (residential) — significantly below grid peak rates of PKR 50/kWh

Pakistan Solar Association - psa.org.pk Source: |IEEFA June 2025 — Tables 2, 10, 11; PV Syst & Homer Pro simulatio ns



PSA'S EMERGENCY RESPONSE PLAN BiPSA

AR A )CIATION

Urgent actions to prevent grid collapse and channel BESS as an asset

Immediate: Remove the 48% Duty Barrier Short-Term: BESS-Inclusive Regulatory Reform

01 02
Waive customs duty, regulatory duty & surcharges on BESS Update NEPRA net-metering rules to include storage. Introduce
imports. Align with solar PV treatment. This single step reduces BESS dispatch tariff. Mandate distribution code update for DER
BESS cost by ~30-40% overnight. hosting capacity analysis.
Medium-Term: Grid Modernisation Strategic: Shift Power Purchase Agreements

03 04
Deploy smart meters, DERMS and feeder-level SCADA. Aggregate Move PPAs to 'take and pay' model to prevent LNG plant
behind-the-meter BESS into Virtual Power Plants (VPPs) to stranding. Pause new utility-scale capacity additions while
provide grid services. assessing DER growth trajectory.

Pakistan Solar Association - psa.org.pk Source: IEEFA Policy Recommendations June 2025; Pakistan Solar Association 2025



HIPSA

01 Remove the 48% BESS import duty burden immediately

02 Provide climate finance for Pakistan's storage scale-up (GCF/IDA)

03 Support grid modernisation: smart metering & VPP frameworks

04 Partner on BESS policy reform at NEPRA and AEDB
- |




Grid-Scale Storage in Pakistan

//,,

AN
g '
o

Dr Syed AI| bbas ‘Kazmi

Head of Department

Electrical Power Engineering

National University of Sciences and Technology (NUST), Islamabad,
Pakistan



U.S.-PAKISTAN CENTER FOR
ADVANCED STUDIES IN ENERGY
(USPCAS-E)

Grid-Scale Battery Storage
Global Advancements

&
Pakistan's Strategic Path Forward

Presented By: Dr. Syed Ali Abbas Kazmi
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[:UI"il]Sity is what drives me.

Currently Head of Department (HoD), Electrical Power Engineering
Department (EPE), USPCAS-E, DPD NUST Solar NUST, H-12, Islamabad,
Pakistan, Previously AD MoD-PAF, AWM ACL.

PhD . in Electrical PoWer Engineering;
SKKU (2013-2017)

BS in Power Engineering,
UET Taxila (2004-2008)
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1. Global Energy Storage and Pakistan at a glance

GLOBAL BESS MARKET GROWTH & PAKISTAN CHALLENGES

GLOBAL BESS MARKET - EXPLOSIVE GROWTH
PROJECTED TO HIT

USD 40.45

BILLION IN 2026 /! | ~60%
COST,

/ i e i | coST
* * | DECLINE
I I I I CAGR (2025-2030) (2020-2025)

- i e ~20%+ 2022 2023 2024 2025

PAKISTAN - MAJOR CHALLENGES
HIGH PROJECT COST DEPENDENCY ON IMPORTS

Import Duty

+ Logistics

+ Financing

+ Currency Risk

Higher CAPEX

UTILITY-SCALE BESS COSTS ON STEEP DOWNWARD

GLOBAL BESS COST DECLINE
(USD/kWh)

MARKET SIZE REACHING CONTINUOUS GROWTH

USD 32.62

BILLION IN 2025

~50% IMPORT DUTY

FOREX BURDEN PAYBACK & BANKABILITY IMPACTED

DA

Higher costs lead to lower IRR,
fonger payback & reduced

Significantly increases Further burden on

overall project cost

Dependence on imported
cells, components &
critical materials.

 LOCAL MANUFACTURING
& SUPPLY CHAIN

& POLICY & DUTY
RATIONALIZATION

 FOREX SAVINGS
& SUSTAINABILITY

 TECHNOLOGY
ADAPTATION

 LOCAL R&D, STANDARDS

(&) THE WAY FORWARD: & SKILL DEVELOPMENT

POWER QUALITY CHALLENGES
WHEN INTEGRATING LARGE BESS INTO PAKISTAN'S GRID

Compliant inverters, harmonic filters, rotection and control,
@ IEC 61727 o A

else poor power quality, equipment damage and grid instability.

@ HARMONICS © VOLTAGE FLICKER © DociNJECTION ©) UNINTENTIONAL I ©  VOLTAGE-VAR
4 CONTROL ISSUES
1GBT based Iverters produce eyclos " 10 anergize a fine
2-9 ko). atter utility rip, it poses 3 Poar or uncoardinated voltage-VAR

especially on weak feeders transformers safety hazard,

el T s I

B gt Coarge  incharge )

0 oftves Unibey Grid
o o i "
AR AY ™
” b T S gy | [+ o taoatens
A S e vy emingen pil ‘. > -

Resuita i voltage violations
incransed loxses, and may
tngger protection

Use LCLFiters  Implement Fast offe Arti-atanding Follow ILC 81727
B Active Harmoeie  Voltage-VAR Detection &
Fiterio Control Suppression Protection Requirements
Coordination

Proper design, filtering, protection and control coordination ensure that large BESS e
grid stability, power quality and renewable hosting capacity without compromising safety.

Grid-following BESS Vs. Grid-forming BESS

GRID-FOLLOWING BESS GRID-FORMING BESS

FOLLOWS THE GRID (VOLTAGE & FREQUENCY)

N Grid-olowing i) Grid-forming

Renewables - /E\ e s Renewables T‘ n Converter
e ® E = =i
E - & -
orid -; onid 2Eh cJ
BESS BESS

TYPICAL RESPONSE TO
GRID DISTURBANCE
Vonage

@ Acts as a voltage & frequency source
@ Can start the grid (black start capability)

© Depends on existing grid vohtage & frequency
© Cannot start the grid (no black start capabilty)

FORMS & STRENGTHENS THE GRID (VOLTAGE & FREQUENCY SOURCE)

TYPICAL RESPONSE TO
GRID DISTURBANCE

i =)
© Low short-circuit current contribution (= 1.1 - 1.5 pu) ] @ High short-circuit current contribution (= 1.5 = 3.0 pu+) b o
© Weak inertia support o1 V” @ Provides strong inertia & frequency support o1

o n
€ May became unstable in weak grids 0 @ stable operation in weak grids w
© Limited fault ride-through (FRT) capability "; @ Excellent fault ride-through (FRT) capability “:
© Lower renewable hosting capacity © as 18 15 20 @ Enables higher renewable hosting capacity o s 15 20

Time () Time )
Large vohage &, iow recovery Minimal volage dg, fast tecavery
tisk of insabiity hgh stabikty
PAKISTAN'S GRID REALITY
* Low short-circult levels in many areas

Strengthens weak grds
and improves stabikty

f Enables higher renewable

GRID-FORMING BESS

WHY GRID-FORMING
BESS IS ESSENTIAL
FOR PAKISTAN

& system resilience

o Increasing inveter-based resources (solas, wind)
o Weak transmission cortidors
o Voltage & frequency instabilty isks

(especially after high solar penetration) )

FEATURE / METRIC GRID-FOLLOWING BESS

@  Short-circuit curent contribution =11-15pu =1.5-3.0pur
@  Inertia  Frequency support Weak Strong (Synthetic Inertia)
& Fault Ride-Through (FRT) Limited (0.14 - 0.3 pu for short time) High (0.0 pu for longer duration)
@ Grid start capability (Black Start) No Yes

@® Suitable for Pakistan's weak grid? % Not ideal v Highly Sultable

@  Renewable Hosting Capacity Low High

Protection Requirement for BESS

TOP SECTION Fault Current Characteristics

Grid-following BESS EEUEETTENGNN 1.1—1.5x rated current

Grid-forming BESS Higher but limited 2-3x rated current

5-10x rated current

Synchronous generator [REEEEREIREIEEREE

MIDDLE SECTION Protection Impacts

AT AP AFE-

Under-reaching of Harmonics confuse Different phase angle
overcurrent relays relay algorithms due to fast control loops

BOTTOM SECTION Pakistan Grid Context #

‘ Weak interconnections + high solar penetration >

synchronization)

current injection

THD <3% at PCC

Without grid-forming BESS: frequency instability,

protection miscoordination, cascading outages. SCADA)

/ Supports future grid with
il resou

RIGHT PANEL
Grid Code Updates
(Utility-scale BESS > 10 MW)
[ Mandatory grid-forming capability
M Synthetic inertia: ROCOF
response 220%!/s of rated power

[ Black start capability
(dead line energization +

Enhances fault ride-through

rees

[ Fault ride-through: withstand
0 p.u. for 150 ms + reactive

™ Harmonic compliance:

M Communication protocol:
IEC 61850 (protection +

19



BESS Cases and

_l‘.-a- A~ 1‘&-‘-‘4“':—&!‘ —

But due to transmission congestion and the mismatch
between w1ndy nights and peak demand evenings, asset is

Il Key Details on the Jhimpir Project, 90km east of Karachi: - ré?.ﬁ?;‘{;‘c, o
V' Project: 20MW BESS project in Jhimpir, Sindh “IN w0 pLant
v Location: 220/132kV Jhimpir-1 substation, Sindh, Pakistan. I = hans el
v’ Purpose: Frequency regulation and grid support * Rowin \ [ TRANSMSSON o)
v’ Capacity: 20MW/20MWh (first grid-scale BESS). : oo \ pfdemoiih
v EPC Contractor: ZTT (China). } e S
v' Fundedby: ADB - [ d //

ARABIAN .\ /
2. Lucky Cement Project by Reon: g ) dwmé"c'ﬁ»fé‘?oon Fef =
v Capacity: 20.7 MW/22.7 MWh BESS g (161
v" Location: Pezu facility in KPK. ) ‘fzi"( R 'TL:Z:Z v==M : :

© sotioneck Congesn ot 2 Cutaimentisk | Mo o ] it o o e
.3. Cherat Cement: Planning a25MW BESS in NOWSheI'a Botteneck a Thatt St power evacieton rom the Jimp wind corro STORE EXCESS WIND — RELIEVE CONGESTION — DELIVER RELIABLE CLEAN ENERGY

) ) ) ) ’ ) ) ) Technical Design Metrics (Pakistan Context):

Technical Design Metrics: The Use Case Parameters: 1. C-Rate: 0.25 (4-hour charge/discharge) - Optimal for daily arbitrage
BESS Capacity: 20 MW Power | 80 MWh Energy (4-Hour Duration) 2. Round-Trip Efficiency: 86% (Accounted for in revenue calc)
Co-located Asset: ~40-50 MW Wind Farm 3. Depth of Discharge: 90% (Usable energy = 72 MWh per cycle)
Primary Constraint 1: Transmission line evacuation capacity limits Financial Calculation (Arbitrage Model):
Primary Constraint 2: Wind export during high-wind, low-demand periods. 1. Charge Cost (Wind Curtailed/Central Order): PKR 20/kWh

2. Discharge Price (Peak ToU): PKR 50/kWh

Key Calculation: 3. Gross Spread: PKR 30/kWh

Daily Energy Shift Capacity: 80 MWh Annual Revenue Impact:
Annual Shifted Energy: 80 MWh/day=330 operation days=26,400MWh/yr 1. Gross Revenue:26,400MWh x PKR 30/kWh = ~PKR 792 Million
Application 26,400MWh/yr moved from lowto high-value hours. 2. Less O&M & Degradation (15%): Net Revenue ~PKR 670 Million / Year

3. Result: Transforms host wind farm’s IRR from ~9% to 16-18% J\ D



Conclusions and Way forwards

Transmission Constraint as a
Revenue Opportunity
 AS A SHOCK ABSORBER FOR TRANSMISSION CONSTRAINTS

BESS - SHOCK ABSORBER

BESS ABSORBS EXCESS POWER
& REDUCES FLOW ON LINE

BENEFITS
© Releses Taramission Congestion
© Absorts Excess Wind Power
@ Ensures Grid Stadlty
uuuuu

I CAPACIIY, RESULT N ourcone
20 MW / 40 MWh FLOW MAINTANED .I STABLE GRID
(2HOUR DURATION) WITHIN LT AR womazo pevermanon

T B (ONER @ fvorie .\
T — i " Market: \
'm“_?_" Operator |*

\\Consumer e \(CPPA-G)

ng production schedules.
; oaded 11kV feeder

/ Al dispatch ,k
/o more than a static timer-based system.” J_D

1.

g

Grid Code Specification (NTDC/NEPRA):
U Mandate that all 20 MW+ BESS systems connected to wind/solar

must have Grid-Forming capability. This provides synthetic
inertia to a weak grid without relying on spinning thermal plants.

Financial Vehicle (SBP/Private Sector):
U Structure a "Hybrid Energy Performance Contract." As shown

in the calculations, a 20 MW BESS generates ~PKR 670M net
revenue. This makes debt servicing viable in 6-7 years without a
direct government subsidy.

3. Transmission Access Charge Waiver:

U NEPRA should consider a 50% reduction in Use of System

Charges for energy injected from a BESS during
identified congestion windows. This directly incentivizes the
solution to the transmission constraint.

"With a 20 MW BESS, we are not just storing electrons; we are liberating
stranded wind capacity and strengthening a constrained grid. "



Thank You

Questions?

Discussion



Citizen-Led Transition to e-Mobility
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DON'T MAKE A FUEL OF YOURSELF !

GETTING PAKISTAN OFF OIL

BHE A AN A ML AN ()
= BREECER@ MG D)



HOW WE MOVE

THE EQUIPMENT ON THE ROADS THE FUEL WE USE

MOTORCYCLES INCL 10.51BillionL /YR
MOTORCYCLE BASED 3W: 30M 34.1% of total

1.21 BillionL/ YR

. 0.83M
RICKSHAWS 3.9% of total
10.69 BillionL /YR
LIGHT VEHICLES: 6M 34.7% of total

8.45 BillionL/ YR

COMMERCIAL TRANSPORT: 0.51M 27.3% of total




THE SIMPLE CASE FOR ELECTRIC MOBILITY

AN AVERAGE DELIVERY RIDER

RIDES 80 KM PER DAY

BURNS 2 L OF GASOLINE DAILY - 50 L PER MONTH
IN A YEAR, WE NEED TO PROVIDE 600 L FOR HIM

AT 0.85$ PER LITRE CFR COST 510$ / YR TO SUPPORT THIS
EMPLOYMENT

ANOTHER WAY OF SPENDING 510$

250$ ON 2KWHR BATTERY

200$ ON DRIVETRAIN

60$% ON ONE GRID TIED 600W SOLAR PANEL

WILL FREE FROM FUEL FOR 5-10YRS



Which EV Actually Saves Pakistan Dollars?

Import cost vs oil savings recovery

‘ ‘ =
Graphene Scooty ezBike Volt ™ MUVA ™ Chinese NEV

PKR 175,000 PKR 245,000 PKR 1,400,000 PKR 9,000,000
$400 $450 $2,500 $17,000
Nil - Import of CKD 49% 50% Nil - Import of CBU
30 60 170 70
9,420 18,840 53,380 21,980
$205 $410 $2,580 $1,593
Payback Period 1.95 years l.1years 0.97 years 10.7 years

Battery Life* 6 - 18 months 2-5years 4 - 8 years 8 years



Podium-ion - The winning Chemistry

Energy density is sufficient: Even LFP stores 4x lead acid energy in same space

Lead Acid LFP NCM

Lead Acid LFP Nickel Cobalt
Manganese (NCM)

=~ 55 kg =~ 65 kg

=~ 70 kg

Weight difference is small
Cost difference is large

Economics beats chemistry



From Solar PV to Electric Mobility

Repeat the model. Improve the execution.

Before - Solar PV Now - EV Transition

Imports  Rooftop PV Citizens invest Imports  Batteries + EVs  Industry growth

W ’ //
AfE ) S > >
Ry mm -

Imports » Rooftop PV ) Rapid scale Imports <) Batteries + EVs =) Industry
growth
Citizen-led energy transition Citizen-led mobility transition

What we do better this time

ahED, CEEEY ol

Focus Standardization Local industry
2W + 3W Battery formats / swapping Assembly = components
/ interoperability — manufacturing

Drive adoption AND build industry



YES
ELECTROMOTIVE

A GLIMPSE

INTO THE DEVELOPMENT OF MUVA



- STYLE + COMFORT = DIGNITY
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