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Affordable storage systems are the missing link 

between intermittent renewable power and 

24/7 reliable and net-zero carbon scenario 

Ludington Pumped Storage Power Plant, Michigan, USA



• Reduce the need to build gas 

peakers

• Defer network strengthening 

investments

• Integrate intermittent power 

generation

• Residential batteries could be 

linked for grid support

Better Energy Transition

• Current focus on battery-only 

innovation (Li-ion)

• Not good fit for fast charging 

and long duration storage 

integration

• From LCA perspective, causes 

more damage to environment

Battery Bias
• Enabling of value stacking to to 

deliver multiple benefits that 

maximize financial impact

• Sector Coupling within industry 

for improvement of the energy 

system

Potential Services

What is Energy Storage?
It is the capture of energy produced at one time for use at a later time. It needs to be 

classified as an asset different from generating and load-absorbing systems 



Energy Storage Technologies
Various technologies at different stages of development which can provide

daily, weekly and even seasonal solutions

Possible Applications

Power quality Energy Arbitrage

RES integration Emergency back-up

Peak shaving Time shifting

Load leveling Black start

Seasonal storage Spinning reserve

Network expansion Network stabilisation

Voltage regultation End-user services

Source: Five Steps to Energy Storage, 2020 by WEC



Global Case Studies

Source: Five Steps to Energy Storage, 2020 by WEC



Trend of Technology mix in storage
Transition to a decarbonised future is unlikely to be enabled

by a single energy storage technology

IEA, 2019 (except PH)



• 175 MW by 2022, 225 GW by 2024
and 450 GW by 2030

• Solar power integration is reducing
the inertia of the grid which is vital
for the grid stability

RE Target
• 100% electrification of transportation

by 2030 will further affect the grid

stability

EV Target
• To support the power system

operation in maintaining power quality,

reliability and security of the grid

Ancillary Services

Indian Perspective
Energy storage requirement needs to be assessed by evaluating the various scenarios of VRE penetration. ESS 

coupled with Demand Response (DR) and Vehicle Grid Integration (VGI) will add flexibility to the grid.



Energy Storage Roadmap for India
Various technologies at different stages of development which can provide

daily, weekly and even seasonal solutions

01. Grid scale energy storage 

Mostly in the form of pumped hydro storage 

plants, at capacity of 4.8 GW. 

02. Current focus of ES technology

Deployment of large-scale battery energy 

storage projects for  frequency regulation 

services.

03. Behind the meter applications

Batteries for power back-up applications is 

a major market among stationary  

applications, traditionally driven by lead 

acid batteries for back-up power 

applications.

Source: Energy Storage Systems Roadmap for India 2019-32



Current Energy Storage Projects in India

Source: Energy Storage Systems Roadmap for India 2019-32



Cost Benefit Analysis of ESS

Assumptions

Results

Source: Energy Storage Systems Roadmap for India 2019-32



India’s Policy Interventions

National Energy Storage Mission

(NESM) has been established with 

objective to strive for leadership in 

energy storage domain by creating 

an enabling policy and regulatory

framework that encourages 

manufacturing, deployment, 

innovation and further cost

reduction.

1. Integrate energy storage into overall energy master plan and energy strategy. This 

clarifies the role of energy storage and begins the conversation about competing 

methods to provide the multitude of services required by the grid

2. Establishing tariffs for each ES service enabling investors to recover cost as because an 

energy storage tariff for a single service is unlikely to make projects feasible.

3.    Enable energy storage to qualify for multiple streams of revenue for the individual

services it provides to the grid

4.  Introduce time-of-use tariffs, pay-for services tariff, and others to eliminate price

distortions and increase price transparency

5.   Incentivize development and financing of energy storage and distributed renewable

energy projects

6.   Financial support demonstration projects and first movers with loan       guarantees, low 

interest loans, grants, and others. 

Policies and incentives should not be technology specific



Business Models for ESS Operations
Regulated Models

new class of assets (ESS)”

Best growth prospects albeit a retail model targeting the 

industrial, commercial and residential segments as:

• Reducing or eliminating demand charge and associated 

penalties

• Store RTPV power for time-shifting based on TOU rates 

arbitrage

• React to dynamic pricing models

• EV charging during best low tariff hours

• Battery swapping opportunity in a few segmented EV markets

• Fast charging stations that require ESS support

• Enable participation in subscription-based (paid) DSM and 

DM offers by utilities

• Standby Insurance against frequent power outages

ESS needs to be established as new class of  assets as:

• It requires both Generation and Consumer licenses 

(charge-discharge functions) to own/operate these in 

generation, transmission and distribution

• Operate under a two-part tariff system to discharge 

(generator) and charge (load)

• Get paid only when they are discharged for 

energy/ancillary functions (no insurance premiums)

• Not being able to recover their investment in 8-10 years 

but over 20-25 years

• Be at the whim of regulatory rate-setting and revenue 

recovery time cycles

Non-Regulated (Behind the Meter)



Global Policy Initiatives
New York (US)                               EU                                      Germany

Economic development, DR, 

ancillary services, upgrade 

deferrals

• Energy Storage Roadmap, 

2016; 2 GW in 2025 and 4 GW 

in 2035

• Creating new regulatory & market 

mechanisms for Energy Storage

• Creating standardized codes and 

regulations universally

Clean energy transition, system 

flexibility, energy security

• Energy storage recognized as a distinct 

asset class, separate from generation

• Energy storage’s role part of the Clean 

energy for all European Package

• Non-discrimination, competitive

procurement and fair rules in relation to 

network access and charging

• RD&D Funding

Facilitate large-scale RE integration, 

provide system flexibility

• RD&D Funding

• Hydrogen research initiatives

• Roadmap/Strategy published 2011

• Residential solar + storage loan 

program

Source: Five Steps to Energy Storage, 2020 by WEC



Global Policy Initiatives
South Korea                              Japan                                     UK

RE integration, climate change, 

industrial support for 

manufacturers

• Renewable Portfolio Standard 

program: REN projects paired with

energy storage benefit from a 

higher Renewable Energy Certificate 

(REC) multiplier

• The government has tripled the 

level of discount on electricity retail

rates for C&I customers with storage 

systems

Facilitate large-scale RE 

integration, resilience to extreme 

weather events 

• Subsidies for net zero energy 

houses 

• subsidies for households’ 

resiliency to backouts caused by 

natural events

Grid flexibility, system balancing, 

renewables integration, ancillary 

services

• RD&D Fund + Energy Entrepreneurs 

Fund

• Storage eligible under Renewables 

Obligation and Feed-in Tariff

• Licence exemptions for small capacity 

storage systems & modified generation 

licence for large scale storage systems

• Regulator working to remove barriers to 

energy storage deployment

Source: Five Steps to Energy Storage, 2020 by WEC



1

Role of Data & AI

28%

2

3

5

4
Data can be captured and analysed on loads, power 

generation, weather, nearby grid congestion and 

electricity rates.

AI will governs the charge and discharge of ES and its 

operation as a network

It can drive the “delivery” of unused energy

stored in a network of batteries, as a virtually-integrated 

resource to those grid locations that need power.

The speed and complexity  associated with network of 

thousands of mixed energy storage units installed at 

consumers, end-users or on highly used sites, requires 

advanced artificial intelligence

AI in form of performing predictive analytics, machine 

learning, big data and grid-edge computing can 

maximize the returns from an energy storage project



THANKS
Energy storage has still a long way to go!


