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Key Takeaway: Institutional architecture and policy alignment are paramount to transitioning

from pilot projects to large-scale distributed renewable energy deployment in India.



India’s energy transition has evolved
from access to integration

9

How do states
scale distributed
renewable energy
beyond isolated
pilots?

Energy
Transition

Integration /

N

Reliability [ N Strategic Context:
\ A systemic shift toward
Electrification 1 Strategic Context: decentralized, clean
O Harmonizing ecosystems.

: Strategic Context: distributed energy
N Ensuring consistent resources with
Strategic Context: and stable power flow. central grids.

Initial focus on connecting
households to the grid.

Key Takeaway: The next systemic challenge is institutional readiness, not technological capability.



The Vulnerability of
Standalone Architecture
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Stranded Asset Risk:
Weak post-grid arrangements
& financing constraints
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What Works: Institutional Support

Operational flexibility, utility coordination,
and institutional continuity.

What Fails: Institutional Barriers
Regulatory uncertainty and limited

utility integration.

Observed in early approaches: Japan, United States Observed in: Germany, Bangladesh —
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Universal access does not automatically guarantee
sustainable outcomes

The Assumption The Reality

Reliability

Remains uneven across
newly electrified regions.

(Implication: Grid presence

o= does not equal usable power).

P 4 |
]

What changes }
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Access = Development '

achieved?
A simple progression: grid connection - E— )
leads directly to societal progress.

Productive Use

Remains limited without
targeted economic
enablers.

“Service Delivery

Fundamentally shaped by
the capacity of local
institutions.

Key Takeaway: Access # Sustainable Energy Outcomes.



Standalone systems become vulnerable as the central grid expands

The Core Problem: Standalone distributed systems face existential and operational threats when central grid
infrastructure overlaps their territory.

FROM: Standalone DRE TO: Integrated Energy Systems

(Isolated operation, vulnerable to redundancy). (Interconnected mini-grid architecture, resilient and complementary).

Key Takeaway: Distributed energy must be architected for integration into wider electricity systems from day one.



Evidence highlights four critical drivers of sustained

C
DRE success 3
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Local Ownership Operational Flexibility =
Improved community outcomes Mattered for long-term viability g" ,
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(Implication: Ensures ongoing maintenance (Implication: Systems must adapt to = §
and aligns energy use with local economic fluctuating demand and seasonal usage £ ©
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Reduced infrastructure duplication Enabled true sustainability =2
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(Implication: Prevents destructive competition (Implication: Success relies on governance —
between DRE developers and state DISCOMSs.) structures that outlive the initial project funding.) >
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Key Takeaway: Technology scales exclusively through robust institutional frameworks.



Observed scaling barriers are fundamentally
institutional, not technical

x Regulatory Uncertainty

(Root Cause: Deters long-term capital investment and developer commitment.)

x Weak Post-Grid Arrangements

(Root Cause: Leaves mini-grids stranded when central utilities arrive.)

Fragmented Implementation
x (Root Cause: Siloed agency efforts lead to inefficiencies and
overlapping mandates.)

Limited Utility Integration
(Root Cause: Viewing DRE as competition rather than a grid-
support asset.)

Global Context: Historical friction observed in
Japan and the United States.

x Financing Constraints

(Root Cause: Lack of tailored financial products for decentralized,
community-level energy.)

Key Takeaway: The barriers to scaling distributed energy are systemic institutional bottlenecks.




Scale emerges when systemic enablers drive
compounding community outcomes

Market Community Accessible Innovation
Environment Ecosystem Engagement Finance Ecosystem

Key Takeaway: Scale does not emerge from isolated projects; it emerges from reinforcing systems.



State-level institutional readiness determines

the success of the transition

The State Capability Framework
Leadership: Political will
and strategic vision.

Implementation:
Coordination
mechanisms
over isolated

interventions.

Staffing:
Technical capacity

Finance:

Ability to mobilize
and deploy
targeted capital.

Partnerships:
Strength of
utility-community
relationships.

within local agencies.

Comparative Lens

Institutional differences shape
outcomes across:

* Bihar, UP

* Odisha

* Assam

* MP, J&K.

Structural Note:
Institutional forms must
fit the context—whether

centralized agencies,
district-led systems, or
utility-led models (as seen
in Germany, Morocco,
Bangladesh, and Bihar).

Key Takeaway: States must evolve from infrastructure administrators to proactive transition managers,



Provisions for
Grid-
Interconnection

in Existing Mini-
Grid Policies in
India

Parameters from Mini-Grid

Policies of given states

Bihar

Uttar
Pradesh

Madhya
Pradesh

Odisha

Jammu
&

Kashmir

Assam

1. Allotment of a project after grid
extension

2. MGO responsibility

3. Tanft

4. Compensation for MGO

5. PDN after grid extension

6. PPA

7. Metering

8. Role of DISCOM

9. Area of operation

NSNS ISNS

10. Subsidy

11. Types of regulation

12. Exit process after grid extension

{_\

NSNS

13. Hours of operation

<\

14. Grid arrival

15. Project capacity
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Energy Agencies must transition from project
implementers to market builders

Emerging Role
(The Ecosystem Enabler)

Traditional Role \/ < 2 Build robust
(The Administrator) & / a0l local markets
i
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® Implement isolated \./ Y 5a Coordinate
=~ projects - /L KX diverse actors
N\
lgf_q Administer state o | ® Enable
>© schemes I = innovative
k. “ finance
[ 1l @ Pioneering Examples: *«_\/ % \ . Support the
BREDA, IDCOL, and leading \\ | ®———— -0)- innovation
State Energy Agencies. ) | ©  ecosystem

Key Takeaway: Institutions are moving from basic implementation to complex transition management.




Global Inspiration

Utilities must evolve from competitors to D frramccedGoremare
essential integration partners

Move From: DISCOM vs. DRE Move To: DISCOM as Integration Partner

(Viewing decentralized energy as a (Leveraging decentralized systems for
threat to revenue and load). grid resilience and peak management).

Key Takeaway: Long-term scale requires utilities to act as foundational transition institutions, not roadblocks.



I Beyond Pilots: The End-State Vision

Strong (Enables...)
Institutions %

1 (Delivers...
(Reinforces...) l
|
Scalable Transition Coordinated
Transition Flywheel Systems
4 |
(Reinforces...) (Dellvfrs...)
| .
<« (Drives...) Reliable
Energy

Scale emerges when institutions, finance, communities, and markets

reinforce one another. Coordination matters more than isolated interventions.




A strategic blueprint for scaling
distributed energy architectures

1. Move to Grid Integration: 2. Bulld State Capability: 3. Institutionalize 4, Strengthen 5. Finance Ecosystems:
Shift policy from pure grid Invest heavily in the Coordination: Create formal Partnerships: Forge deep Fund systemic functions, not
extension to seamless technical and strategic mechanisms connecting utility-community just hardware installations.
integration. capacity of state DRE isolated interventions. governance models.

agencies.

The Blueprint for Scale

Strong 9 Coordinated 9 Reliable Scalable

Institutions Systems Energy Transition

Key Takeaway: Scale does not emerge from isolated projects; it emerges from reinforcing systems.




A Model Solar Village is an energy ecosystem,
not an infrastructure project

The Infrastructure Myth (What it is NOT) The Energy Ecosystem (What it actually IS)

v/ Reliable energy services
v/ Institutional continuity

v/ Community participation

=

X Solely a 100% solar installation target.

v/ Productive energy use

v/ Long-term governance
(Implication: Focuses only on megawatts, : ‘

ignoring long-term viability).

Key Takeaway: We must shift our design parameters from hardware installation to sustainable service delivery.



Bihar’s Dharnai:
From international symbol to strategic lesson

Evolution of a Model

The Initial Vision “,Q: ( :\g L - ' The Reality Check C’D\

Widely recognized as one of . Sl IDeadient repoding
India's earliest, fully solar- The Emerging .

: : D questioned the long-term
powered village micro-grid / Friction /) < UstSinabITityiGRtHE pureis
experiments. W infrastructure-focused
Brought vital electricity after model.
decades of darkness. N

g i - Interactio.n and ovgrlap with
'@ central grid expansion

e © - Lackof institutional continuity
Hﬂ_ and ownership

@ - Absence of long-term operational
o) and maintenance arrangements

i

Key Takeaway: The lesson is not “Solar villages do not work.” The lesson is: Solar villages require institutions that survive after the projects end.




Rehal, Bihar: A context-specific model
of decentralized development

What to Measure

< Institutional
= Support

Stop Measuring x

g

- Distributed
ER |nfrastructure

X Installed MW | X Number of panels

The Rehal Context

Located in a hilly, hard-to-access region; designed as a
demonstration of decentralized development.

v Service Reliability |

v Energy Affordability | v Productive
Use | v Community Ownership |

v Institutional Continuity

The Emerging Bihar RE Policy Model

Energy generation + Storage + Distributed systems

+ Community infrastructure + Institutional support. _ el
Key Takeaway: The ultimate objective is not 100% solar

generation—it is 100% energy service reliability.
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} International Alignment: Modhera, Denmark, Japan.
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