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Distribution grids need to become the “first mile” of the power system to support economic growth
and the energy transition. Representing over 90 percent of grid infrastructure, they have traditionally
been seen as the “last mile”, merely delivering electricity generated at the transmission level to
consumers. This model needs fundamental modernisation today, as distribution grids struggle to
absorb growing renewable supply and meet surging electricity demand from electric vehicles, industry
processes, cooling and heating systems, and data centres.

To fulfil their new role, distribution grids need to evolve from passive, one-way delivery infrastructure
into digitally enabled, actively managed systems. This requires coordinated action across three
interconnected policy domains: grid planning that anticipates future supply and demand, grid
deployment that streamlines administrative processes to integrate new assets at speed and scale, and
grid operations that unlock flexibility from distributed energy resources (DERs). Stronger transmission-
distribution coordination is also essential to enable the operation of a decentralising power system.
Digitalisation is the common foundation for these reforms to deliver their full potential.

Grid governance reform is the key to scaling proven grid modernisation technologies. The technical
solutions for active grid management are proven and deployable today. Their uptake depends upon
clear utility mandates, incentives, and regulatory and investment frameworks. Targeted reform can
align utility actions with the public interest and channel the required investment in ways that prioritise
performance and the leveraging of consumer-owned resources.

Activating consumer-owned flexibility can accelerate grid modernisation and significantly reduce the
need for grid expansion. As distributed energy resources (DERs) scale, countries in early phases of
deployment have the opportunity to leapfrog to decentralised, consumer-centric systems. By putting
the right frameworks in place, countries can design systems that actively leverage these resources
from the outset, helping to avoid congestion costs and delays seen in frontrunner markets, and
capturing the full affordability, reliability and sustainability benefits of DERs.
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1 Distribution grids at a crossroads

11 The role of distribution grids

Distribution grid operations

Distribution grids are the infrastructure that delivers electricity the “last mile" to the homes, businesses and
public services that use it. Traditionally, electricity is generated in bulk at large, centralised power plants.
From there, it is transported across the power system through the high-voltage transmission grid, the "high-
way system" of electricity, to large industrial consumers and to the interfaces with distribution grids. At these
interfaces, transmission and distribution grids are connected via high-voltage/medium-voltage (HV/MV)
substations. They convert electricity from high to medium voltage ready for regional distribution through the
medium- and low-voltage (LV) distribution grids, electricity's "local road network". Electricity is first distrib-
uted at medium voltage to smaller industrial and larger commercial consumers, as well as to MV/LV substations.
These substations transform electricity from medium to low voltage, which is then distributed to residential
and smaller commercial consumers. This "last mile" role is the reason why distribution grids account for more
than 90 percent of the global grid length, stretching for over 70 million of the almost 80 million kilometres of
grid lines in 2021 (IEA, 2023, p. 14).

Throughout most of their history, distribution grids were designed and operated as passive, one-way infra-
structure. The distribution grid's job was straightforward: receive power from the transmission level and
deliver it reliably to the point of consumption. Distribution grids were planned and operated accordingly, mostly
following a "set-and-forget" principle. This meant that infrastructure was dimensioned to handle worst-case
conditions with conservative safety margins, requiring little active operational intervention. Planning used
economic growth projections and extrapolations of historical demand patterns to forecast future load. Opera-
tions were largely limited to preventive and corrective maintenance, including periodic equipment inspection
and vegetation management, with occasional manual adjustment of substation settings and grid topology to
manage seasonal demand variations. Given the scale of the distribution grid, this approach made sense in an
era when power flowed in one direction, demand patterns were predictable and the costs of digital hard- and
software were considerably higher. Distribution grids did not need and were therefore not built with the capa-
bilities to actively manage the grid infrastructure and the utility- or consumer-owned assets connected to it.
The resulting infrastructure reflects this legacy: unlike transmission grids, which have long been equipped with
sophisticated monitoring and control technology, most distribution grids operate with limited visibility into
real-time conditions and limited automation or remote control, particularly at lower voltage levels.

Distribution grid governance

The governance of distribution grids varies considerably around the world. In some power systems, a ded-
icated distribution system operator (DSO) is responsible for the different distribution grid functions, i.e.
planning, financing, deploying and operating the grid. This is the case in much of the European Union, where
unbundling reforms have separated distribution from generation, transmission and retail. In many other parts
of the world, particularly in Asia, Latin America and Africa, no dedicated DSO exists. Instead, distribution

is managed by a department within a vertically integrated state-owned utility (e.g. PLN in Indonesia), by a
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regional subsidiary interacting with a single buyer (e.g. MEA and PEA in Thailand), or by a private concession-
aire (e.g. Meralco in the Philippines). Nevertheless, the core functions of distribution system operation must be
performed regardless of the institutional setup. What differs is who performs them, how they are funded and
how they are coordinated with the rest of the power system. The table below maps the distribution functions
across the main governance models worldwide.

The specific nature of the institutional setup has an influence on the incentives of the entities managing the
distribution grid. In all institutional setups except for the independent DSO model, the entity managing dis-
tribution also performs other power system functions. A vertically integrated utility also supplies electricity,
either by generating it or by procuring it from other producers. Additionally, it manages transmission and retail
sales to consumers. In a single-buyer model, regional distribution entities also manage tariff collection and
may have supply and retail functions. A private concessionaire likewise procures or generates electricity that
it retails to its consumers. Because these additional functions contribute to the entity's overall revenues, they
help determine how it approaches its distribution responsibilities. An entity that primarily earns revenue by
building physical infrastructure has less of an incentive to pursue alternatives such as flexibility or efficiency.
An entity that combines distribution functions with retail sales may not provide fully non-discriminatory
grid access for distributed generation, such as rooftop solar PV. An entity that procures power may also be less
inclined to facilitate distributed generation that competes with its existing supply arrangements. While strong
regulation can mitigate these tensions, it is important to be aware of them when considering the evolving role
of distribution grids and the policy recommendations described in this brief.

The role of distribution system operation across governance models -> Table 1
DSO function Vertically integrated | Single buyer with Private / investor- | Fully unbundled
state utility regional distribution | owned utility (independent DSO)
Grid planning Utility planning Regional distribution | Utility DSO
department entity
Connection Utility Regional distribution = Utility DSO
management entity
Grid operations Utility operations Regional distribution | Utility DSO
department entity
Investment and Government / utility =~ Government / Utility DSO
financing regional entity
Coordination with Internal (same Partially separated Contractual / Fully separated,
transmission entity) regulated formal coordination
Major non-DSO Supply, transmission, = Tariff collection, Supply, tariff -
functions tariff collection, retail = sometimes retail collection, retail

Agora Energiewende (2026)

1.2 The need to modernise distribution grids
Strong demand and DER growth
Global demand for electricity is currently growing faster than at any time in the past decade. Demand is

expected to increase at an average rate of 3.6 percent per year over the period 2026-2030. That is 50 percent
faster than over the period 2015-2025. In 2024, electricity demand growth even outpaced economic growth
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for the first time in 30 years, driven by surging demand from electricity-intensive industries, air conditioning,
data centres and electrification. Almost 80 percent of this growth is expected to come from emerging econ-
omies — above all from China, though notably also from India and Southeast Asia. Electricity demand is set to
increase in all end-use sectors. Half of global demand growth over the period 2026-2030 is projected to come
from increased electricity demand for space cooling, data centres, heat pumps and other parts of the buildings
sector. Over a third of demand growth will be generated by industry, particularly by light industries. Driven by
the rapid growth in electric vehicles, demand growth from transport is twice as high as it was in the past five
years, accounting for another ten percent of overall growth (IEA, 2026, pp. 13-17).

Most new demand, as well as most new renewable energy supply, will connect to the distribution grid. The
reduced costs of distributed energy resources (DERs) are leading to widespread and accelerated adoption by
consumers.! Global distributed solar capacity (residential, commercial, industrial and off-grid projects) grew
by over 200 gigawatts (GW) in 2024 and is expected to grow by at least the same amount each year between
2025 and 2030 (IEA, 2025, p. 16). Other sources of renewable energy will also be connected at the distribution
level. For example, 70 percent of all renewable energy in Europe is expected to be connected to the distribution
grid in 2030 (DSO Entity, 2025, p. 2). Distributed storage is also growing rapidly. Behind-the-meter battery
storage capacity amounted to 30 GW globally in 2023, for example. This already accounted for 35 percent of
total annual battery storage capacity growth. Under stated policies, it is projected to reach 175 GW by 2030
(IEA, 2024, pp. 32,103, 132). Meanwhile, the global electric vehicle fleet tripled in just three years, growing from
under 20 million vehicles in 2021 to almost 58 million by the end of 2024. Electric vehicles already accounted
for more than 20 percent of all car sales in 2024, a share that is continuing to grow (IEA, 2025, pp. 15-16, 19).
These DERs, together with new large loads such as data centres, public EV charging stations and electrified
industrial facilities, will connect to the distribution grid.

Projected growth of distributed solar PV, battery storage and EV sales - Fig. 1
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Agora Energiewende (2026). *sales per year

1  For the purposes of this brief, we employ a broad definition of DERs. This encompasses supply (e.g. solar PV, wind, combined heat and power),
storage (e.g. batteries) and demand (e.g. electric vehicles and their chargers, heat pumps, air conditioning systems) resources that are connected to
the distribution grid (medium and low voltage), that are significantly smaller than conventional power system assets (anything below 1-10 meg-
awatts), that are located behind or in front of a consumer's meter, that are owned by consumers, utilities or third parties and that are dispatchable
or capable at the very least of being made responsive to coordination signals with the appropriate technology and communication infrastructure.



Adapting to a new operational reality
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These developments are changing the operational reality of distribution grids. As growing numbers of solar
systems, batteries and other distributed generators connect to the grid, power increasingly flows in both direc-

tions: when local generation exceeds local consumption, surplus electricity is injected back into the grid and
can flow upstream from consumer to substation. Such reverse power flows can push voltages above acceptable
limits on those parts of the grid that were not designed to accommodate them. At the same time, the electrifica-

tion of transport, heating and cooling is introducing more high-power devices into the distribution grids, such
as EV chargers, heat pumps and air conditioning units. These devices can significantly increase peak demand

on local grid lines and transformers, particularly when multiple devices on the same grid segment are operating
simultaneously. The combination of distributed generation and growing electrified demand is creating a more

dynamic operating environment, with larger and faster swings in power flows than distribution grids have
historically experienced. Grid segments that export solar power at midday may face sharp demand peaks in the
evening as vehicles begin charging and heat pumps ramp up. Unless properly managed, such conditions can

create localised grid congestion, asset overloading and power quality issues that grow more frequent and more

consequential as DER deployment scales.

How DER growth affects low-voltage distribution grids

Traditional operations
(passive, one-way system)

@®

- Power flows in one
direction: from substa-
tion to the consumers

- Demand is relatively
predictable

- Distribution grids are
designed to accom-
modate these flows
without interventions
from the operator

Increased local
generation

()
%

(e.g., high rooftop solar
generation at midday)

- Rooftop solar PV installa-
tions inject surplus power
back into the grid

- When PV output is high,
power can start to flow
from consumers to the
local substation

- In parts of the grid where
demand is low and PV
output is high, overvolt-
age issues can occur

Agora Energiewende (2026). DER = distributed energy resources

Future operations
(two-way system)

Increased local
demand
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1

(e.g., high electrified
demand in the evening)

L

- New, high power appli-
ances - like batteries, EVs
and heat pumps - canin-
crease local peak demand

- If many devices operate
together, the local substa-
tion and grid lines can get
overloaded

- In parts of the grid where
demand is high and PV
output is low, undervolt-
age issues can occur

- Fig. 2
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- Changes in power flows
become faster and larger
as unmanaged DER de-
ployment grows

- This creates new
challenges for keeping
voltage and equipment
loading within limits

- Operators need to
manage their grids more
actively, requiring greater
visibility and control

To manage this new operational reality, distribution grids have to become the power system's “first mile"; i.e.
they have to be modernised. The “last mile” model, and it's "set-and-forget" logic, can no longer hold. While con-
ventional responses to grid constraints — such as laying thicker cables, installing larger transformers or building
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new substations — will continue to be necessary; they are slow to deploy and cannot, on their own, keep pace
with the speed at which DER deployment and demand growth are changing conditions on the ground. Distri-
bution grids have to become the point at which the active management of the grid begins; what we call the "first
mile" of the power system. For that, new capabilities are needed: the ability to monitor, analyse and respond to
conditions on the distribution grid in real time, and to coordinate the behaviour of the assets connected to it. In
practice, this means deploying smart meters and monitoring equipment that give operators visibility into what
is happening across the medium- and low-voltage grid. It means building and maintaining accurate digital
models of the grid that enable planners to simulate future conditions, identify emerging constraints and evalu-
ate whether flexibility or targeted investment is the most efficient response. It means equipping control rooms
with sophisticated operational tools such as advanced distribution management systems and DER management
platforms that allow operators to reconfigure the grid remotely, manage voltage and power flows dynamically
and coordinate DER behaviour in response to changing conditions. And it means establishing the institutional
frameworks necessary to enable the flexibility of consumer-owned DERs to be leveraged and remunerated as a
grid resource, reducing the need for infrastructure upgrades that would otherwise be required to manage peaks
and congestion. Overall, such active management would allow distribution utilities to accommodate substan-
tially more DERs and electrified demand on their existing infrastructure, deferring or avoiding costly rein-
forcement while maintaining reliable supply.

The importance of acting early

Changes are coming faster than distribution grid infrastructure and their governing institutions can currently
respond to them. The rapid growth in demand and DER adoption is driven significantly by consumer choices.
Consequently, once DERs become economically attractive, adoption can accelerate very quickly. A notable
example is the recent sharp increase in the uptake of home battery systems in Australia. On 1 July 2025, the
government introduced its "Cheaper Home Batteries" programme, giving a 30 percent discount to households
and small businesses wishing to install small-scale battery systems connected to new or existing rooftop solar
(AU DCCEEW, 2025). Installed home battery capacity doubled in the space of six months, growing by 1.5 GW -
as much as it had grown in the four previous years (AEMC, 2025, p. 46). Generally speaking, DER deployment
happens on a considerably shorter timeline than grid infrastructure projects. Distributed solar projects, EV
charging infrastructure, battery energy storage projects and heat pump installations all tend to be realisable on
timelines of one to three years, whereas grid infrastructure can take three to ten years or more to plan, per-
mit and build (IEA, 2023, p. 51). While distribution grid projects can typically be completed significantly faster
than transmission grid projects, grid equipment supply chain shortages driven by surging global demand have
pushed up prices and delivery timelines. Policy and regulatory reform cycles can take just as long, making it
hard for distribution grid governance to keep up with a fast-evolving context.

Where demand growth and DER deployment are outpacing grid infrastructure and governance upgrades,
societies are already paying the price. In a growing number of countries, grid constraints are delaying or halt-
ing new grid connections. While the lack of digitalisation in distribution grids means there is less visibility into
connection queue issues at this level, the data tells a clear story where it is available. In the UK, for example, 173
GW of capacity, including 29 GW from new demand, is currently awaiting connection to the distribution grid
(ENA, 2026). In the Netherlands, connection times in low-voltage distribution grids increased by 30-50 per-
cent between 2022-20252% while the connection queue for large connections® grew by almost 700 percent

2 Connection times increased from 33 to 44 weeks for new grid connections (+33%) and 15 to 23 weeks for upgraded grid connections (+50%)
3 "Large connections” are defined by Netbeheer Nederland as connections requiring more current than 3 x 80 amperes
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Typical deployment time for electricity grids, solar PV, wind - Fig. 3
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Agora Energiewende based on IEA (2023): Electricity Grids and Secure Energy Transitions

Average annual transmission and distribution investments in > Fig. 4
different scenarios
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Agora Energiewende (2026) based on IEA (2022). *Announced Pledges Scenario; **Net Zero Scenario; EMDEs = emerging markets and developing
economies

in the same period, from just over 2 GW across -2,500 connection requests to almost 14 GW across -22,000
requests (Netbeheer Nederland, 2025, pp. 7, 10). These growing queues reflect not only a lack of physical grid
capacity, but also a lack of transparency about where grid capacity is available, an absence of locational sig-
nals to direct grid users to such areas, and slow connection and permitting processes, among other factors. The
consequences go far beyond the grid sector: delayed connections undermine the financial viability of clean
energy and electrification projects and can raise costs for consumers and businesses. They also slow progress
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on decarbonisation, with IEA modelling showing that grid delays could cause coal and gas use to double in the
power sector and annual power sector emissions to nearly triple by 2050 (from 3.2 gigatons (Gt) to 8.3 Gt in the
Announced Pledges Scenario; IEA, 2023, pp. 101-102).

Early and sustained action is vital to ensure that distribution grid capabilities keep pace with fast evolving
power system needs, requiring up to USD 750 billion of investment each year between 2030 and 2050 globally
to meet net-zero targets. Developing the capabilities discussed above to actively manage distribution grids will
take many years. Ambitious modernisation programmes should start sufficiently ahead of time to make sure
the required distribution grid infrastructure and operational capabilities are available when they are needed

or catch up as soon as possible. Countries that have not yet seen significant distribution grid issues should

keep in mind both the speed at which modern power systems can evolve and the consequences of delayed
action already visible elsewhere. Modernisation programmes must be matched with committed and sustained
investment. Even if demand peaks and power quality issues are actively managed, total electricity consumption
is projected to at least double by 2050. Grid infrastructure will need to expand to deliver these substantially
higher volumes of electricity. The IEA estimates that grid investment needs will soar under its Announced
Pledges Scenario from around 320 billion US dollars (USD) per year today to 500 billion USD per year until
2030, and then to 800 billion USD per year until 2050. In the more ambitious Net Zero Emissions scenario, this
figure increases to over 1,000 billion USD per year. In both scenarios, three quarters of this investment has to
be directed at the distribution level (IEA, 2023, p. 86-88).

The DER opportunity

The same DERs that create new operational challenges for distribution grids also offer significant value for the
power system. DERs can provide a range of services to grids and the wider power system, from local congestion
and voltage support to system-wide balancing and resilience. Table 2 provides an overview of these services,
detailing how distributed energy resources create value for the power system. Crucially, DERs can also accel-
erate their own integration because they deploy faster than conventional grid infrastructure, can manage their
own behaviour and can provide this range of services. This allows utilities to use DERs to get more out of exist-
ing grid infrastructure, reducing the need for conventional reinforcement while speeding up new connections.

DER flexibility can generate real cost savings in consumer-led, utility-led and government-led deployment
models. A household that buys an electric vehicle to replace a petrol car, or installs a heat pump instead of a gas
boiler, has made that investment to meet its own energy needs. The flexibility these devices offer the grid - by
shifting charging times or adjusting heating schedules — comes at a significantly lower cost than building new
conventional infrastructure to deliver equivalent services. A study by Agora Energiewende found that flexible
operation of household EVs, heat pumps and battery systems could save the German power system 4.8 bil-
lion euros in the year 2035 alone by deferring costs related to centralised infrastructure (Agora, 2024). Where
upfront costs remain beyond consumers' financial reach, utility- or government-led programmes can fund
DER deployment as a cost-effective alternative to conventional grid expansion or to serve broader societal
goals. For example, utilities can lease rooftop space from lower-income households to install solar panels or
batteries that support the grid, generating rental income or reduced electricity bills for participating families.
Government-supported community energy programmes can enable shared ownership of DERs by groups of
households that could not afford them individually. Targeted subsidies or pay-as-you-go financing models can
make DERs accessible in off-grid or weak-grid areas where they improve the quality and reliability of supply.

10



How distributed energy resources create value for the power system

Local congestion
relief and deferred
grid investment

System-wide
supply-demand
balancing

Voltage and fre-
quency support

Accelerated integra-
tion of new supply
and demand

Resilience

Improved energy
access and supply
quality

Community partici-
pation and inclusive
access
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DERs reduce strain on local grid lines and transform-
ers by shifting consumption or generation away
from peak times, reducing or delaying the need for
conventional reinforcement such as new cables and
transformers

DERs adjust their consumption or generation to help
match electricity supply with demand across the
wider power system

DERs help maintain the electrical frequency and
voltage levels that the grid needs to operate within
safe limits

DERs deploy faster than conventional grid infrastruc-
ture and can manage their own grid impact through
flexibility services, allowing utilities to connect new
assets more quickly to existing infrastructure

DERs are spread across many locations rather than
concentrated in a few large facilities, and can con-
tinue to operate independently if parts of the grid

are disrupted

DERs can extend or improve electricity supply in
areas where the grid is weak, unreliable or absent —
through off-grid systems, microgrids or local genera-
tion that supplements grid supply

DERs enable households and communities to partici-
pate in the energy system as asset owners, not only
as consumers - through shared ownership, rooftop
leasing or pay-as-you-go financing models

> Table 2

Lower grid costs through avoided
or deferred infrastructure invest-
ment

Lower system costs through
reduced need for conventional
supply and storage infrastructure

Improved power quality and
reliability of supply

Faster connections, reduced grid
bottlenecks

Greater resilience to extreme
weather events and other
disruptions

Better quality and availability of
electricity in underserved areas

Broader and more equitable
distribution of the benefits of
the energy transition

Agora Energiewende (2026)

Fully exploiting the opportunities offered by DERs requires governance and regulatory frameworks to evolve.
DER growth represents a fundamental shift in the ownership of power system assets. In consumer-led and
government-led deployment models, non-utility stakeholders will own an ever greater share of the supply,
storage and flexible demand assets connected to distribution grids that can be used to manage the power sys-
tem. In Germany, for example, households and farmers owned almost half of installed solar capacity in 2019
(Agentur fuer Erneuerbare Energien, 2021). As discussed in section 1.1, the conflicting incentives that arise
when distribution functions are combined with supply or retail can impede the full use of consumer-owned
DER flexibility. Even in utility-led deployment models, the bias towards capital expenditure in distribution
utility regulatory frameworks may still incentivise utilities to opt for conventional solutions if their investment
costs are higher than DER-based alternatives. Aligning utility incentives with wider system needs — rewarding
performance rather than investment — is central to unlocking the opportunities offered by DERs. Governance
frameworks should also evolve to ensure that the households, communities and businesses that own and oper-
ate power system assets on distribution grids have a meaningful say in how the system is governed.

mn
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1.3  Prioritising policy action

Five interconnected policy priorities

The solutions for modernising distribution grids are proven and deployable today. In this brief, we identify
five interconnected policy priorities that policymakers must act on to drive their adoption. First, policymakers
have to intervene in the three grid policy domains: grid planning has to be updated to anticipate future needs
and consider alternatives to conventional expansion; grid deployment has to be streamlined through permit-
ting and connection management reforms; and grid operations need to be upgraded to unlock and leverage

the flexibility of distributed energy resources. Additionally, policymakers have to address two cross-cutting
issues: grid have to be digitalised for greater visibility and control, and transmission-distribution coordination
needs to be strengthened. These are not independent reform agendas: progress on any one is more effective
when supported by the others; neglecting one can undermine gains in the rest. Chapter 2 examines each of the
five policy areas in turn, first describing the underlying challenges, then presenting priority actions and finally
highlighting selected good practices from around the world.

Five policy priorities for distribution grid modernisation - Table 3
Priority action What needs to change Why it matters
Planning and Shift from reactive reinforcement to forward-look-  Avoids costly overbuilding and prepares
investment ing, integrated planning that anticipates demand, the grid before bottlenecks emerge

DER growth and electrification; assess non-wire
alternatives alongside conventional expansion and
reduce regulatory bias towards capital spending

Permittingand = Streamline and digitalise permitting and connec- Speeds up the integration of new assets
connections tion processes for DERs and new loads through and reduces delays and transaction costs
simplified procedures, digital portals, standardised
equipment and clear timelines

Unlocking DER Enable DERs to provide flexibility through appro- Turns DERs into a system resource that
flexibility priate regulation, tariffs, technical standards, and can reduce congestion, defer investment
market access and procurement frameworks and support balancing
Digitalisation Build the digital foundations for active grid man- Improves visibility and control, and en-

agement, including smart meters, sensors, digital ables better planning, hosting-capacity

grid models, interoperable data systems and distri- = transparency and flexibility procurement
bution management tools

Transmission- Strengthen coordination through data exchange, Avoids new silos and supports efficient
distribution joint planning, operational alignment and coordi- integration of distributed resources
coordination nated flexibility procurement across the whole power system

Agora Energiewende (2026)

Sequencing policy action by DER deployment levels

Priorities depend on the level of DER deployment, providing an opportunity for policymakers and utilities to
allocate their limited resources strategically. To help policymakers and utilities decide how to prioritise action
on this topic, this brief utilises the growth of DERs as the primary indicator for distribution grid modernisation
needs. As DER deployment increases, the complexity of the operational challenge shifts qualitatively. In a sys-
tem without significant DER adoption, distribution grids could remain largely passive. As adoption increases,
the intelligence, flexibility and coordination capabilities that define modern power systems become necessary.

12
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The brief uses a three-phase framework to sequence the priority actions of each chapter according to the level
of DER deployment. This framework is based on the three deployment levels outlined by the US Department of
Energy in its 2025 "Distributed Energy Resource Interconnection Roadmap” (US DOE, 2025, p. 30).

Phase 1: Low DER Phase 2: Medium DER Phase 3: High DER

- Challenges stem from legacy - Challenges become operational. - Challenges become systemic.
frameworks. Planning and ad- Localised grid issues become DERs materially affect the opera-
ministration are fragmented. more frequent. in areas with tion of the entire power system.
Regulatory mandates and incen- concentrated, unmanaged DER Existing technical and institutional
tives are not aligned with DERs deployment. Connection queues frameworks fail to efficiently and
and modernisation. Operators grow. Conservative operating effectively leverage the full flexi-
lack visibility on their grids. The limits, constrain the grid's hosting bility potential of widely available
grid is largely passive. capacity unnecessarily. distribution-level resources.

- Policy reform needs to ensure - Policy reform needs to ensure - Policy reform needs to ensure that
that the foundations are estab- that distribution system operation distribution grids are fully modern-
lished for higher DER deployment shifts to active grid management ized and operate dynamically and

efficiently

The brief concludes by listing the recommendations of all five policy priorities across the three three DER
deployment phases and providing practical guidance on how to get started. The three phases are not strictly
sequential, nor do they apply uniformly within a single country. A country may be at Phase 1in most of its dis-
tribution grids but already experiencing Phase 2 challenges in specific urban areas or regions with high solar
or EV adoption. The three-phase framework is a diagnostic tool, a means by which policymakers can identify
which challenges are most pressing and which policy actions are therefore most urgent in their respective
context. Chapter 3 revisits the key insights from Chapter 2 and gives policymakers initial guidance on where
to begin.
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2 Policy priorities

21 Planning and investment: From reactive reinforcement to anticipatory grid
development

How distribution grids are planned and financed will determine whether they will be ready for the changes
ahead. Grid planning sets the direction for investment, shapes what infrastructure gets built and where, and
defines whether alternatives to conventional expansion are considered. If planning is reactive and siloed, the
result will be infrastructure that is perpetually trying to catch up with a reality it failed to anticipate. If planning
is forward-looking and integrated with broader energy system planning (e.g. electrification roadmaps and net-
zero pathways), it can steer investment towards solutions that are faster, cheaper and better suited to a system
with growing volumes of distributed energy resources.

- Phase 1: Low DER Phase 2: Medium DER Phase 3: High DER

- Planning is disconnected from - Reactive grid upgrades lag sys- - Underutilization of non-wire
4 the wider energy system and tem needs, increasing curtail- solutions drive over-investment
= based on extrapolations of his- ment and connection delays in conventional grid upgrades
9 torical trends - Regulatory frameworks favour-
® - Financing barriers and supply ing capital-intensive invest-
v chain constraints limit grid mod- ments increase costs
ernisation efforts
> Introduce scenario-based plan- - Enable anticipatory investments = - Implement performance- and
o ning linked to energy system - Require evaluation of non-wire total expenditure-based regu-
k¥ planning solutions lation
g - Improve utility financial health, - Address regulatory capital ex- - Increase access to capital where
= e.g. through tariff reform penditure bias public sources are insufficient
2 > Create long-term visibility for - Set up strategic grid equipment
(= equipment demand procurement
Challenges

Distribution grid planning is typically reactive, meaning that utilities invest in reinforcement only in
response to connection requests or once problems emerge. When a transformer risks being overloaded or a line
reaches its capacity, the utility responds by upgrading it. To the extent that distribution grid planning antic-
ipates future changes, this is usually based on economic growth projections and extrapolations of historical
trends. This approach was adequate in a world of slow, predictable demand growth. It is not appropriate when
DER adoption can accelerate rapidly and create new patterns of supply and demand. This mismatch manifests
itself in several key challenges:

- Disconnected planning. Distribution utilities often plan their grids on the basis of historical demand data
and incremental extensions of past trends, with no or limited reference to national energy or climate targets,
electrification strategies or transmission grid planning. Planning horizons are also typically limited to five
to ten years. This can prompt utilities to defer investments whose near-term business case appears insuffi-
cient but would be cost-effective if a longer timeframe were considered, such as the infrastructure needed to
accommodate transport electrification along a net-zero trajectory. As DER deployment grows, such planning
approaches mean that grid infrastructure will increasingly fail to be available at the right times and in the
right places to meet the wider energy system's needs, ultimately leading to more DER curtailment, delayed
connections and higher costs.

14



Agora Energiewende — From last mile to first mile

- Regulatory bias towards capital expenditure. Under traditional rate-of-return regulation, the regulator sets
tariffs that allow the utility to recover its operating costs plus a defined return on its capital investments
(the "rate base"). This model provides revenue certainty but incentivises utilities to expand the rate base
by building more physical infrastructure (thicker cables, larger transformers, new substations) even where
more cost-effective alternatives — which in some cases are quicker to deploy - exist (e.g. demand response,
efficiency, battery storage or flexible connection agreements). This leads to overinvestment in some areas,
for example when the grid is simply reinforced in response to unmanaged local demand peaks from transport
or building electrification, often resulting in underutilised grid capacity. It also leads to underinvestment
in other areas, such as in the digital and operational capabilities needed to manage these emerging local
demand peaks.

- Underutilisation of non-wire solutions. Solutions such as demand response, local battery storage, flexible
connection agreements and the strategic use of distributed generation can often address grid constraints
more quickly and at lower cost than building new physical infrastructure. These are sometimes referred to as
"non-wire solutions” or "non-wire alternatives” Yet in practice, distribution grid planners in most jurisdic-
tions fail to systematically consider such alternatives to conventional upgrades. Where they are considered,
regulatory frameworks may not provide a clear pathway for recovering the costs of implementing them.
These factors limit the application of non-wire solutions, resulting in less efficient use of existing grid infra-
structure and higher DER curtailment.

- Financial constraints. In many emerging and developing economies, distribution utilities face limited access
to affordable capital, weak balance sheets, tariffs that do not cover the cost of service, and dependence on
government budgets or concessional finance for investment. In such contexts, even reactive reinforcement
may fall short of the required level, let alone the forward-looking investment required to prepare for DER
growth. Planning reform must therefore go hand in hand with steps to address the underlying financial sus-
tainability of distribution utilities.

- Supply chain constraints. Global demand for standard distribution grid equipment, such as cables and trans-
formers, has surged in recent years as countries simultaneously modernise their grids and connect growing
volumes of DERs and electrified loads. The result has been rising prices and lengthening delivery timelines
for equipment that was previously considered routinely procurable. These constraints affect all utilities but
have a particularly acute impact on smaller distribution utilities and those in emerging economies, which
may lack the purchasing power or supplier relationships to secure priority access. Supply chain bottlenecks
can add multi-year delays to grid expansion projects, further widening the gap between infrastructure avail -
ability and the pace of demand growth and DER deployment.

Priority actions

Forward-looking planning that anticipates future energy system needs can support timely and cost-effective
grid preparation for rising electrification demand and DER deployment. The following priority actions can
help implement this shift in practice:

- Mandate integrated, scenario-based planning. Investment decisions should be based on planning exercises
that are linked to wider energy system targets and integrated with non-power-sector planning. Plan-
ning should take uncertainty into account by working with multiple scenarios rather than single forecasts,
thereby helping to identify "least-regret” investments. Such planning exercises require solid data founda-
tions, which are discussed in more detail in section 2.4. Planning should also be integrated across trans-
mission and distribution, which is discussed in section 2.5. Planning horizons should be extended to reflect
both the long lead - and lifetimes of grid infrastructure, as well as the length of energy transition pathways,
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which can span multiple decades. Planning should result in published investment plans with a sufficiently
long horizon (e.g. ten years) to provide other stakeholders with the information they need to align their own
planning and investment decisions. These plans should be updated at regular intervals (e.g. every two years)
to ensure they remain responsive to changes in technology costs, policy frameworks, demand patterns and
DER deployment trajectories.

Enable anticipatory investment. In many regulatory environments, utilities can only recover the cost of
infrastructure for which they can prove an existing or contractually committed need. This constraint, while
intended to protect consumers from unnecessary spending, can prevent timely grid development in the
context of rapid DER growth. Where planning indicates that grid capacity will be needed within a reasonable
planning horizon, regulators should enable anticipatory investment. This will shift the basis for regulatory
approval from demonstrated demand to robust, scenario-based planning.

Address regulatory capital expenditure bias. To remove the bias towards capital expenditure (CapEx), reg-
ulators can introduce performance-based regulation, which links utility revenues and profits to achieved
outcomes (e.g. reliability, connection speed, hosting capacity and cost efficiency) rather than to spending
levels . They can also consider switching to total expenditure (TotEx) approaches, which treat capital and
operational expenditure as a single cost base. This incentivises utilities to deploy the most cost-effective
solutions, regardless of whether they involve building capital-intensive assets or adopting more advanced
operational capabilities. Both approaches require capable, well-resourced regulators and transparent per-
formance metrics; conditions that take time to develop. Countries at earlier stages of regulatory development
can take meaningful initial steps, for example by allowing TotEx-style treatment of non-wire solutions
within existing regulatory frameworks.

Mandate the consideration of non-wire solutions. Regulators should require distribution utilities to evaluate
non-wire solutions before approving major investments in conventional grid reinforcement. Broader reg-
ulatory reforms that address CapEx bias should, over time, create incentives for utilities to consider the full
spectrum of alternatives. However, given that non-wire solutions remain a relatively new planning option in
most jurisdictions, an explicit evaluation requirement would ensure that they are considered systematically.
This is particularly important in institutional contexts where the utility may have financial interests that
disincentivise the use of this option. Evaluations should recognise that non-wire solutions and conventional
reinforcement are often complementary: even where grid expansion will eventually be needed, a non-wire
solution can address an immediate grid constraint more quickly and at lower cost, for example by deploying a
local storage asset or using a flexible connection agreement, thereby avoiding delays while the reinforcement
is planned and built.

Address financial barriers. Distribution grid utilities need to be able to raise the required capital. Increas-
ing regulatory certainty and streamlining permitting (see section 2.2) around grid infrastructure devel-
opment and modernisation efforts can help with attracting capital. Where utility financial health is an

issue, additional measures might be needed. These may include tariff reform to ensure that utilities gen-
erate revenue commensurate with their investment and operational expenditures. Such reforms should be
designed in a way that protects affordability for low-income consumers. Measures may also include credit
support to reduce the costs of capital for utilities with weak balance sheets, for example through guaran-
tees, blended finance or concessional lending. Where public resources are insufficient, opening grid infra-
structure to private investment within clearly defined regulatory and policy frameworks can help mobilise
additional capital.

Create demand visibility and strategic procurement programmes. Forward-looking, scenario-based plan-
ning, as described above, provides manufacturers with earlier and more predictable signals about future
equipment demand, enabling them to plan manufacturing capacity accordingly. Governments can reinforce
this by publishing long-term grid investment outlooks that aggregate anticipated demand across utilities and
regions, giving manufacturers more confidence to invest. On the procurement side, coordinated or pooled
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procurement programmes — in which multiple utilities, or a government agency acting on their behalf, con-
solidate orders for standard equipment — can reduce unit costs and secure better delivery terms, particularly
for smaller utilities. Strategic stockholding of critical long-lead-time components, particularly transformers,
is a further option for utilities facing acute supply constraints, though it requires careful management of
inventory costs and technology risks.

e Good practices

- The Netherlands’ national grid congestion action programme

In 2022, the Netherlands launched the “Landelijk actieplan netcongestie” (national grid congestion action
plan) to address the widespread grid congestion issues across the country. The action plan recognises
that planning must address both the building of new and the better use of existing infrastructure if grids
are to catch up and keep up with demand growth and energy transition plans. It combines accelerated
grid expansion, such as the “buurtaanpak” (neighbourhood-level low-voltage grid upgrades), with meas-
ures such as the use of flexible connection arrangements.

Source: Netbeheer Nederland, Landelijk actieplan netcongestie, 2026

- The United Kingdom'’s RIIO distribution grid revenue regulations

Since 2015, electricity distribution grid operators have been regulated under the RIIO framework (Rev-
enue = Incentives + Innovation + Outputs), which combines performance-based regulation with a total
expenditure incentive mechanism (Ofgem, 2014). Under RIIO, capital and operational expenditure are
treated as a single cost base, and grid operators are evaluated against defined performance outputs,
such as reliability, customer satisfaction and speed of connection.

Source: Ofgem, “RIIO-ED1 final determinations for the slow-track electricity distribution companies’, 2014

2.2 Permitting and connections: Connecting new supply and demand at speed
and scale

How permitting and grid connection are managed will determine the speed at which new supply and demand
can connect to the power system. Permitting and connection management processes were traditionally
designed for a centralised energy model characterised by a small number of large-scale generation projects and
predictable demand growth. These systems are often ill-equipped to handle the qualitative shift to decentral-
isation driven by the growing deployment of a larger number of smaller-scale DERs. Moving from a manual,
case-by-case assessment model towards a streamlined, digitalised connection framework is essential to ensure
that administrative bottlenecks do not constrain economic activity and energy transition progress.

Challenges

Existing permitting and connection processes struggle to handle larger numbers of connection requests,
resulting in longer connection queues and delays. New connections used to be less frequent and more predict-
able, stemming for example from the development of a new industrial facility or housing complex. Even so, the
processes involved in obtaining a new or upgraded connection could be costly and take considerable time to
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- Phase 1: Low DER Phase 2: Medium DER Phase 3: High DER

- Manual, case-by-case, paper-

based processes can be lengthy

- Traditional processes are over-
whelmed by a growing number

- Lack of end-to-end digitalisa-
tion of processes undermines

g and costly of requests the ability to scale and acceler-
S - Fragmented permitting drives - Unclear technical standards ate permitting and connection
= up transaction costs and delays force individual reviews processes
5 grid deployment - Bloated connection queues

- Inefficient allocation leaves grid misallocate grid capacity

capacity underutilised

- Set up an online registration - Update grid codes and create - Publish hosting capacity maps
2 platform for requests standard lists of approved - Implement automated
© - Streamline cross-agency equipment processing
k¥, coordination - Introduce multi-tier differenti- - Introduce timelines and
g - Clean up existing queues ated pathways accountability mechanisms
‘= - Introduce simplified pathways - Implement connection queue
-68_ for smaller assets management rules

- Introduce flexible/non-firm
connection agreements

- Enable cable pooling and
dynamic operating envelopes

complete. These processes are finding themselves overwhelmed by the rapidly growing numbers of requests
from rooftop solar installations, EV chargers, battery systems, heat pumps and newly electrified commercial
and industrial loads. This is the result of several interrelated technical and institutional barriers:

- Case-by-case, manual assessments. Connection requests are often handled on a case-by-case basis,
assessed by individual grid planners using simplified tools and professional judgement. Different depart-
ments within the utility may handle different stages of the process, with limited integration between them.
These processes can be slow, opaque, prone to error and hard to scale as the number of connection requests
grows. They also constitute inefficient use of limited skilled technical staff, who spend a disproportionate
amount of their time on reviewing applications, manually checking compliance with technical criteria and
coordinating across internal systems rather than on more complex planning and operational tasks where
their expertise is most needed.

- Fragmented permitting. Connecting to the distribution grid may require approvals from multiple authori-
ties, including the distribution utility, local government, building authorities, environmental agencies and
the transmission utility. Each may operate on its own timeline, with its own requirements and assessment
criteria. In many jurisdictions, there is no mechanism for coordinating across these agencies, forcing appli-
cants to navigate each process independently, with no single point of accountability for the overall timeline.
Requirements may be disproportionate to the scale of the installation, such as when residential rooftop solar
systems face the same requirements as large commercial or industrial projects. Where local authorities have
discretion over building and land -use permits, requirements may also differ significantly by location, adding
further transaction costs for project developers. Permitting constraints also affect the distribution grid infra-
structure itself. Installing new or upgrading existing substations or lines also requires planning permissions,
environmental assessments and rights of way. These processes can add years to grid expansion projects,

in some cases accounting for the majority of the project timeline. This limits the pace at which grid hosting
capacity can be increased, thus compounding connection delays.

Unclear or outdated technical standards. If grid codes do not provide clear requirements for assets connect-
ing to the grid, utilities are incentivised to apply conservative technical limits that reduce the grid's effective
hosting capacity and introduce avoidable delays or costly grid upgrade requirements. A lack of clear equip-
ment standards, in turn, means that each connection request may require an individual technical review of
the proposed hardware, adding time and cost to what could otherwise be a routine assessment. Grid codes
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and technical standards are also key for leveraging the capabilities of DERs to support power system opera-
tions, as discussed in more detail in section 2.3.

- Inefficient allocation of existing grid capacity. Connection capacity is typically allocated on a firm basis:
each new connection is guaranteed its full contracted capacity under all grid conditions. Yet most of the time,
grid assets operate well below their technical limits, and many connected assets do not use their full con-
tracted capacity simultaneously. This approach, combined with limited real-time visibility into grid con-
ditions (see section 2.4), leaves substantial hosting capacity unused. It also forces new applicants to wait for
reinforcement even where capacity could be made available through smarter allocation.

- Limited digitalisation. Permitting and connection processes often still involve submitting and processing
paper forms or filling out basic online templates. Such approaches make it harder to identify missing or
incorrect data, introducing initial avoidable delays. Even when digitalised, submitted paperwork tends to
end up in different IT systems across the utility and permitting agencies. This makes communication among
agencies and with applicants more difficult and time-consuming, limiting for example the ability to pro-
vide regular updates on the status of requests. The lack of digitalisation more broadly, as discussed in detail
in section 2.4, affects the ability of distribution utilities to process requests at speed. Utilities tend to have
neither complete digital models of their grids nor visibility into real-time grid conditions, particularly at the
low-voltage level. When assessing a connection request, they are therefore forced to work with incomplete
information about how much capacity remains on a given line, what other DERs are already connected or
whether local conditions can accommodate additional supply or demand. In response, utilities again usually
take a conservative approach that further limits connections below the grid's actual hosting capacity.

- Bloated connection queues. Long waiting times and uncertain outcomes create incentives for applicants to
submit multiple or speculative requests to improve their chances of securing access to limited grid capacity.
This further increases the number of requests the utility must process, which again lengthens the queue.
Some applicants, particularly commercial and industrial users, may choose to relocate investment to regions
or jurisdictions with faster connection times, resulting in a loss of economic activity. Over time, queues
accumulate a growing share of projects that are stalled, speculative or unlikely to proceed but nevertheless
reserve grid capacity and prevent viable projects from connecting. The result is a misallocation of scarce
grid resources.

Priority actions

Streamlined, standardised and increasingly digitalised permitting and connection processes can reduce
delays, prevent backlogs from growing and provide greater transparency for all parties. Policymakers can act
on these priority actions to improve existing practices:

- Digitalise permitting and connection processes. Moving from paper-based applications to integrated online
platforms enforces standardised submissions, reducing delays caused by incomplete or incorrect applica-
tions. It also enables real-time tracking, automated notifications and clear published timelines. Digitalisation
must be end-to-end to reap the full benefits in terms of speed and transparency, by connecting for example
to the utility's digital grid models. Fully integrated, digitalised permitting and connection processes enable
progressively higher levels of automation. Software platforms that assess connection requests against a digi-
tal model of the grid can process standard applications in minutes rather than days, freeing up skilled staff to
focus on complex cases that require engineering judgement. These capabilities build on the broader digital-
isation efforts discussed in section 2.4, e.g. complete and up-to-date geographic information system (GIS)
models and hosting capacity maps that show where the grid can accommodate new connections and where
it is constrained. When made publicly available, such maps allow applicants to identify viable connection
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points before submitting a request, reducing speculative or poorly located applications. Digitalised processes
also provide the utility and the regulator with valuable insights into the volume, type and geographic distri-
bution of connection requests, which can support planning.

Streamline cross-agency coordination. Coordination should begin with identifying where delays concen-
trate and with eliminating duplicative requirements, for example where the same information has to be
submitted to multiple agencies in different formats or where separate inspections could be consolidated into
a single site visit. Shared digital case management systems can improve coordination by giving all involved
agencies visibility into the status of a request and enabling parallel rather than sequential processing. Estab-
lishing a designated coordination body or “one-stop-shop" can be particularly effective by providing a single
point of contact via which applicants can submit all required documentation and track the entire process.
Such a body creates clearer accountability for end-to-end processing times and reduces the scope for delays
to cascade between agencies. Its effectiveness depends on adequate resourcing, including qualified person-
nel, and on a mandate backed by legislative or regulatory authority rather than informal coordination alone.
Introduce differentiated pathways. Permitting and connection processes should be proportionate to the
expected impact of each installation. A plug-in solar system or home EV charger has a modest and predict-
able grid impact; a large commercial battery installation or industrial-scale electrification project requires
more detailed analysis. Tiered pathways can reflect this difference. For the smallest and most standardised
installations, simplified notification-based procedures with pre-defined technical criteria can replace
individual assessments. For medium-sized installations that require some technical assessment, batch pro-
cessing (i.e. grouping connection requests by geographic area or grid segment and assessing them together
rather than individually) can significantly improve processing efficiency, since much of the analytical work
is shared across requests on the same line or transformer (e.g. establishing baseline grid conditions, running
power flow simulations). Detailed, bespoke engineering assessments can be reserved for large or technically
complex connections. This differentiated approach also enables a more efficient use of skilled staff.

Update grid codes and technical standards. Updated grid codes provide the technical foundation on which
differentiated connection pathways operate by defining and codifying the technical criteria against which
installations are assessed. This includes laying down specifications for DER observability and controllability,
as discussed in more detail in section 2.3. Within this framework, publishing and maintaining standardised
lists of approved equipment (e.g. inverters, battery systems, EV chargers) that complies with the applicable
grid code allows connection requests to be assessed faster, and in many cases automatically, removing the
need for case-by-case technical reviews of hardware.

Allocate grid capacity more efficiently. Utilities and regulators have several options for making more effi-
cient use of existing infrastructure by how they structure connections. Flexible or non-firm connection
agreements allow new users to connect faster by accepting occasional curtailment during specific, limited
periods when grid capacity is constrained. Dynamic operating envelopes take this one step further by defin-
ing time-varying limits on how much power a connected asset can inject or withdraw, based on the real-
time state of the local grid. These options can be particularly attractive for DERs (see section 2.3) and large
loads that can offer operational flexibility in exchange for faster grid connections. Cable pooling provides
another option: it allows multiple users, such as a co-located solar and wind project, to share a single connec-
tion to the grid, recognising that their combined output rarely reaches the sum of their individual capacities.
Related arrangements allow groups of nearby users to share or jointly manage capacity across multiple con-
nections, sometimes called group contracts or energy hubs. Such measures can deliver immediate relief while
the grid is reinforced and more sophisticated operational capabilities are developed.

Establish rules for managing the connection queue. Addressing bloated connection queues requires existing
queues to be cleaned up and rules put in place to prevent them from growing unduly again. Use-it-or-lose-it
provisions, which require applicants to either utilise contracted capacity within a defined period or return

it to the pool, are a straightforward first step that can free up substantial capacity with minimal downsides.
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Financial securities or deposits lodged at the time of application can discourage speculative requests by
ensuring that applicants have a credible commitment to proceed. Milestone requirements, stipulating that
applicants must demonstrate defined progress within specified timescales (e.g. securing financing or obtain-
ing planning permission) or forfeit their queue position, provide an ongoing mechanism for identifying and
removing stalled projects. Where queues are severely congested, regulators may also consider introducing
prioritisation criteria that allow grid capacity to be allocated on the basis of project readiness, system value
or alignment with national energy policy objectives rather than on the conventional first-come-first-served
basis. These reforms are most effective when combined with measures discussed above, e.g. how hosting
capacity maps can reduce the number of speculative requests.

Set clear timelines and accountability mechanisms. Setting transparent, published and potentially legally
binding timelines for the processing of connection processes (e.g. application receipt, technical assessment,
approval, physical connection) gives applicants predictability and regulators a basis for monitoring perfor-
mance. Some jurisdictions have gone even further by introducing accountability mechanisms: penalties
for utilities that consistently miss timelines, or deemed-approval provisions under which a connection is
automatically approved if the utility does not respond within a defined period. These mechanisms must be
designed carefully and accompanied by adequate resourcing of the responsible agencies, as binding time-
lines otherwise risk resulting either in rushed decisions or systematic circumvention through requests for
supplementary information. Transparent and standardised connection processes also reduce the scope for
discretionary delay. This can provide an important safeguard in institutional contexts where the entity
managing the grid may have commercial interests that are not fully aligned with facilitating third-party
DER connections.

e Good practices

- Australia's dynamic operating envelopes for solar

From 1 July 2023, new and upgraded solar systems connection to the distribution grid in South Australia
had to comply with the new dynamic export requirements. Evolving from the previous static export
limit of 5 kW, system owners now have to choose between a “Fixed Export” connection with a more
stringent static export option of 1.5 kW and a “Dynamic Export Capable” connection with dynamic export
limits going up to 10 kW. These dynamic export limits, often referred to as dynamic operating envelopes,
enable more solar systems to connect and more solar generation to be injected in the same grid infra-
structure. Similar approaches have been rolled out in Queensland and Victoria.

Source: Government of South Australia, "Dynamic solar exports", 2023.

- European DSOs’ automated processing of connection requests

Several European DSOs, including in the Czech Republic, Germany and Sweden, use a smart-grid soft-
ware solution that creates and maintains a digital twin of the distribution grid to digitalise and automate
the technical assessment of connection requests at scale. Using such a platform allows connection re-
quests to be processed faster and in a more standardised manner, reducing the workload for grid plan-
ners. Its greater transparency can also help lower rejection rates and discourage speculative requests.

Source: envelio GmbH, Intelligent Grid Platform
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- Germany'’s simplified connection criteria for PV systems below two kilowatts

In Germany, plug-in PV systems with an installed capacity of up to two kilowatts (kW) no longer require
registration with the local DSO when electricity is primarily used for self-consumption. This significantly
accelerates the installation process for households, lowering transaction costs and encouraging greater
consumer investment.

Source; German Federal Law Gazette, "Gesetz zur Anderung des Erneuerbare-Energien-Gesetzes und weiterer energie-
wirtschaftsrechtlicher Vorschriften zur Steigerung des Ausbaus photovoltaischer Energieerzeugung", 2024

- The Philippines’ reduced connection costs and timeline for PV systems below 100 kW

In the Philippines, rooftop solar deployment was constrained by costly and lengthy permitting and
connection procedures. Rooftop PV projects used to require one or more studies to assess the project’s
impact on the distribution grid. These would increase the cost of a typical 1 kW household system by

10 percent. Subsequent net-metering reforms removed these impact study fees and introduced a 20-
day utility processing timeline for PV systems up to 100 kW.

Source: IEEFA, “Unlocking rooftop solar in the Philippines”, 2018

- The Philippines’ Energy Virtual One-Stop Shop

Established by law in 2019, the Philippines’ Energy Virtual One-Stop Shop (EVOSS) provides a single
online portal via which generation, transmission and distribution project developers can submit applica-
tions, track permit status and engage with multiple national government agencies simultaneously. The
platform has improved transparency and processing predictability at the national level. Deeper integra-
tion with local government would add further value, but has been constrained by limited digital capacity
and unclear processes at the subnational level.

Source: The Philippines’ Department of Energy, Energy Virtual One-Stop Shop, 2026

- South Africa’s certified inverter list

South Africa has developed and maintains a list of approved PV inverters that comply with the country’s
grid code. This allows faster connection assessment and approval by removing the need for a case-by-
case equipment review.

Source: City of Cape Town, “Approved inverter and equipment in terms of NRS 097-2-1", 2023

22


https://www.recht.bund.de/bgbl/1/2024/151/VO.html
https://www.recht.bund.de/bgbl/1/2024/151/VO.html
https://ieefa.org/wp-content/uploads/2018/08/IEEFA_Unlocking-Rooftop-Solar-in-the-Philippines_August-2018.pdf
https://evoss.ph/
https://www.capetown.gov.za/City-Connect/Apply/Municipal-services/Electricity/apply-for-authorisation-to-install-a-small-scale-embedded-generation-system

Agora Energiewende — From last mile to first mile

2.3 Flexibility: Turning distributed energy resources from a challenge into an
opportunity

How DERs are integrated and managed will determine whether their flexibility potential is realised or wasted.
DERs are a significant but largely untapped resource for grid operations. The same assets that can initially
introduce grid management challenges — rooftop solar, battery storage, EVs and heating and cooling appliances
— can also support the grid with everything from local congestion management to system-wide balancing.
Realising this potential requires regulatory and technical frameworks that enable and incentivise utilities to
leverage these capabilities.

- Phase 1: Low DER Phase 2: Medium DER Phase 3: High DER

- Utilities lack the technical
and regulatory frameworks
to manage DERs

- Unmanaged DERs can cause
local power quality issues

- Regulatory frameworks risk
locking in passive models
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Challenges

Despite their growing capabilities, DERs remain largely unable to contribute to flexibility and system services
for grid operations. The growing deployment of DERs introduces bidirectional and more variable power flows.
Without active management of DERs and grid infrastructure, this can place localised stress on distribution
grids, such as voltage fluctuations and congestion in power lines and transformers. At greater deployment lev-
els, these impacts can evolve from more local to system-wide effects, for example by creating new supply and
demand peaks. As discussed in more detail in section 2.4 on digitalisation, distribution utilities often lack the
ability to see and manage what DERs are doing on their grid. Combined with a lack of established frameworks
to unlock the capabilities inherent in these resources, utilities frequently rely on conservative approaches and
restrictive operating limits — refusing to connect new DERs to the grid, curtailing the injections and offtakes of
existing DERs and resorting to conventional grid infrastructure upgrades. This underutilisation of DER poten-
tial, which introduces additional costs for end-users and delays for the energy transition, stems from several
systemic barriers:

- Missing or conflicting incentives to leverage DER capabilities. In many jurisdictions, there is no clear
regulatory mandate or incentive for distribution utilities to procure and use flexibility from DERs. Current
regulatory models often favour capital-intensive physical upgrades over operational solutions that involve
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contracting services from consumers or aggregators®, even when those alternatives are faster and cheaper.
Utilities that bundle distribution system operations with other functions, such as retail sales or generation,
face additional incentive conflicts. Allowing consumers to inject surplus local generation for example can
reduce the utilisation of utility-owned generation assets.

Absent or misaligned signals to coordinate DER behaviour. In most power systems, tariffs do not yet vary
over time in a way that would enable coordination of consumer-owned DERs. Where dynamic tariffs exist,
they typically reflect only wholesale market or power system-wide conditions, not local grid constraints.
This can lead to perverse outcomes: if wholesale prices drop on a sunny afternoon, every EV and battery in
the same distribution grid may respond by increasing consumption simultaneously, creating a new local
demand peak that overloads the local grid.

Barriers to DER market access. DERs can provide flexibility and system services such as frequency and
voltage control. In many power systems, however, they are not yet able to participate in the markets or pro-
curement mechanisms via which these services are sourced. Often, such markets or mechanisms do not even
exist: utilities source services directly from conventional generation assets, either by imposing contractual
obligations in power purchase agreements or through the operational settings of assets they own. In some
cases, system services have yet to be clearly defined. Where markets do exist, DERs may still be excluded -
either explicitly, or implicitly through minimum bid sizes that distributed assets are unable to meet.

Barriers to DER aggregation. Small-scale DERs become meaningful grid resources when aggregated. Such
aggregation can be undertaken by utilities themselves or by third-party aggregators. However, aggregators
in many jurisdictions face significant barriers to entry. Market access rules may be unclear or absent, leaving
aggregators with no defined legal role or clear pathway to participation. Data-sharing arrangements between
aggregators and distribution utilities may be restrictive or non-existent, preventing aggregators from under-
standing local grid conditions and tailoring their services accordingly. Technical interoperability standards
to ensure that devices from different manufacturers can be coordinated via a common platform may not be in
place yet either.

Priority actions

Regulatory reform and updated technical frameworks can unlock the flexibility and system services poten-

tial for DERs, enabling them to contribute both to distribution grid and wider power system operations. The

following priority actions can help achieve this:

-

Reform regulations to leverage DERs. Unlocking distributed flexibility at scale ultimately requires the gov-
ernance of distribution utilities to be addressed. Regulatory reform should ensure that utilities are obliged or
incentivised to procure services from assets they do not own, enable third parties to operate on their grids
and adopt approaches that reduce the need for the physical infrastructure on which a share of their revenues
may depend. Performance-based regulation that rewards utilities for outcomes such as connection speed,
hosting capacity and cost efficiency is one key mechanism. Clear mandates for flexibility procurement, with
independent regulatory oversight of whether non-wire solutions have been fairly evaluated, are another.
Where utilities have bundled functions that create conflicts of interest, regulators can consider whether

Aggregation is the pooling of DERs into a coordinated portfolio that can be managed and dispatched as if it were a single, larger resource. This
enables smaller assets to participate in markets or to be contracted by a grid operator to provide system services on a meaningful scale. Aggre-
gation can be performed by dedicated third-party service providers (commonly referred to as aggregators), by distribution utilities directly, or
by consumer organisations, with different implications for competition, data access and governance.
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structural measures are needed. These could include ring-fencing® distribution grid operations, requiring
transparent and non-discriminatory access for aggregators or separating the grid operation function from
commercial activities. Successfully unlocking DER flexibility enables the use of non-wire solutions as genu-
ine alternatives to conventional reinforcement in grid planning, as discussed in section 2.1.

- Set technical standards for DERs. Grid codes and equipment standards should define clear requirements for
how distributed assets should operate, and be able to be observed and controlled. This may include self-gov-
erning requirements (e.g. automatically adjusting injection and offtake in response to local voltage levels)
and emergency control requirements (e.g. giving utilities the ability to adjust DER behaviour within defined
parameters when necessary to keep the grid or the power system within safe operating limits). Standards
should also ensure smart-readiness and interoperability, ensuring that devices from different manufacturers
can participate in DER coordination solutions as they are rolled out and that consumers do not get locked into
proprietary solutions.

- Implement rule-based flexibility mechanisms. Rule-based mechanisms allow meaningful DER flexibility
to be unlocked without requiring advanced digital infrastructure or market designs. They can typically be
implemented through straightforward contractual arrangements and basic communication protocols. Exam-
ples include implementing flexible connection agreements (e.g. where DERs accept occasional curtailment in
exchange for faster and cheaper grid access) and simple demand response schemes (e.g. allowing the utility
to trigger brief reductions in demand from air conditioning units via remote control signals to lower demand
during peak periods in exchange for tariff rebates).

- Introduce grid-friendly dynamic tariffs. Dynamic energy prices give DERs incentives to adjust their behav-
iour in response to overall power system conditions. As DER deployment grows, they should be comple-
mented with dynamic grid fees to ensure that the combined tariff also reflects local grid conditions. Reforms
can begin with time-of-use tariffs, allowing to incentivise particular DER behaviour in recurring periods
during the day (e.g., sunny afternoons, evening peaks) or during the week (e.g. weekdays vs. weekend). They
can then evolve to become more dynamic pricing signals that can vary in time and location.

- Develop system service markets and procurement frameworks. The capabilities of DERs can also be lev-
eraged for the provision of specific system services. This requires the different types of system services to
be clearly defined and the need for such services to be quantified. At the transmission level, this is typically
a more well-established practice, for example in the form of frequency and voltage control products that
DERs can provide, either directly or via aggregators. As DERs scale and distribution grid capabilities mature,
distribution utilities can consider developing analogous markets and procurement frameworks for distribu-
tion-level services such as local congestion management and voltage control.

- Enable and incentivise DER aggregation and participation. Regulatory and technical reforms should create
the conditions for aggregators to pool DERs in order to offer flexibility and system services at scale. Among
other things, this requires clear data exchange frameworks with utilities and clear rules for market access
and participation in system service procurement. As DER deployment grows, it becomes increasingly impor-
tant for a sufficiently large share of DERs to participate in operations. Smart metering infrastructure, as dis-
cussed in section 2.4, is essential for verifying delivered services and enabling remuneration. Where needed,
market incentives can be complemented with requirements (e.g. an obligation for consumers to participate in
demand response programmes above a defined consumption or capacity threshold).

5 Ring-fencing is the regulatory practice of creating formal separations between different functions within a single utility (e.g. between grid
operations and commercial activities such as generation or retail) without requiring full institutional unbundling into separate legal entities.
Measures can include separate accounting, restrictions on information sharing between business units, independent governance for the ring-
fenced function and prohibitions on cross-subsidisation. The aim is to prevent conflicts of interest from influencing operational decisions
while preserving the potential administrative efficiencies of an integrated organisation.
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e Good practices

- Australia’s PeakSmart air conditioning programme

Since 2012, Energex (the electricity distribution network provider of South East Queensland in Australia)
has run its PeakSmart air conditioning programme. Under the programme, a small signal receiver is in-
stalled in participating air conditioning (AC) units. These receivers enable Energex to send out a signal in
response to which the AC units temporarily limit their electricity demand, much like switching the devices
to economy mode. This service, activated only a couple of times per year, helps manage peak demand
and thereby defer or avoid grid investments. Participating customers receive cashbacks depending on
the size of their AC installations.

Source: Energex, "PeakSmart air conditioning," 2025

o u

- Germany'’s “Nutzen statt Abregeln” programme

Germany'’s Federal Network Agency (Bundesnetzagentur) established a framework for a mechanism that
uses demand-side flexibility to reduce renewable curtailment in congested areas. In designated relief
regions, additional electricity demand can be activated when renewable generation would otherwise be
curtailed because of grid bottlenecks, allowing that electricity to be used instead of wasted. This mech-
anism illustrates how flexible demand can support congestion management while making better use of
renewable generation.

Source: Bundesnetzagentur, “Nutzen statt Abregeln 2.0", 2023

- The Netherlands’ congestion management services

The Netherlands has developed GOPACS, a joint platform of Dutch grid operators, that allows market
participants to monetise their flexibility in order to help manage grid congestion. Transmission and
distribution grid operators can use this platform to procure flexibility from DER owners, large consumers
and aggregators through market-based mechanisms, such as redispatch bids and capacity limitation
contracts.

Source: GOPACS platform

- The United Kingdom'’s EV flexibility services

Octopus Energy, a UK-based energy retailer, manages the charging of its customers’ electric vehicles
connected to the distribution grid of Northern Powergrid, a UK distribution utility. The participating vehi-
cles represent 320 megawatt hours (MWh) of energy storage. The programme shifts charging to avoid
peak demand times, which are typically between 4:30 and 7:00 pm, while ensuring vehicles are still fully
charged by the time specified by the consumers.

Source: Octopus Energy, “EV does it: Northern EV owners take part in grid balancing,” 2024

26


https://www.energex.com.au/manage-your-energy/peaksmart-air-conditioning
https://www.bundesnetzagentur.de/DE/Fachthemen/ElektrizitaetundGas/Versorgungssicherheit/NSA/start.html
https://gopacs.eu/
https://octopus.energy/press/ev-does-it-northern-ev-owners-take-part-in-grid-balancing/

Agora Energiewende — From last mile to first mile

2.4 Digitalisation: Building visibility and control for active grid management

How successfully distribution utilities digitalise their grids will determine how effective all other modernisa-
tion efforts are. Distribution grids have historically operated with minimal monitoring and control, particularly
at lower voltage levels — in stark contrast to transmission grids, which have long been equipped with sophis-
ticated digital capabilities. If executed successfully, digitalisation efforts can leverage the falling costs and
growing capabilities of digital solutions to improve power quality and reliability at similar or lower cost to the
consumer.

- Phase 1: Low DER Phase 2: Medium DER Phase 3: High DER
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Challenges

Where digital capabilities are lacking, distribution utilities have limited insight into and control over the
real-time conditions of their grids. This affects every aspect of grid modernisation: planners cannot iden-
tify emerging constraints, connection assessments default to conservative assumptions, DER flexibility goes
unused and transmission-distribution coordination suffers from incomplete information. The scale and com-
plexity of distribution grids make closing this gap a significant challenge:

- Limited observability. Most distribution utilities today have limited or no real-time visibility into conditions
on their medium- and low-voltage networks. At the medium-voltage level, some utilities have partial insight
into power flows at substations and along major grid lines. At the low-voltage level, where the vast majority
of consumers and DERs connect, visibility is typically close to zero. The utility may know the total energy
consumed by customers over a billing period, but not what is happening on their grid at any given moment:
which transformers are approaching capacity, where voltage is dropping or rising beyond acceptable limits
or how DERs are affecting local flows. Without this information, operators must apply conservative oper-
ating limits, effectively assuming worst-case conditions at all times. This reduces the grid's usable capacity
well below its physical potential and leads to unnecessary curtailment and overinvestment. It also prevents
planners from evaluating whether non-wire solutions could address grid constraints more effectively than
conventional reinforcement.

- Limited controllability. Even where data is available, many utilities do not yet possess the digital tools to
translate this data into active grid management. In most distribution grids, control of the grid infrastructure
itself requires field crews to intervene manually - reconfiguring distribution grid topologies to reroute power
flows, for example, or adjusting transformer settings to manage voltage levels. Such interventions are too
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slow to manage real-time operating conditions. A lack of digital tools also impedes coordination of consum-
er-owned resources, leaving distribution utilities with limited or no means of sending signals to DERs or of
verifying their response to such signals. Both factors reinforce the need for conservative operating limits,
leaving grid infrastructure underutilised.

- Weak data foundations. Geographic information system (GIS) data for distribution grids is frequently incom-
plete, outdated or unsuitable for analytical use. In many countries, distribution grid GIS data was originally
developed for asset management purposes (i.e. tracking the location and type of equipment) rather than
for power system simulation. Connectivity data may be missing or incorrect: the system may record that
a transformer exists at a given location but not accurately map which consumers and lines it serves. DER
registries may be incomplete as well, leaving distribution utilities without a clear overview of rooftop PV
installations or EV chargers, for example. These gaps make it impossible to carry out the power flow analyses
and scenario-based planning that forward-looking grid management requires. They also force connection
assessments to rely on conservative assumptions, slowing approvals and again reducing the grid's effective
hosting capacity below its actual potential.

- Workforce constraints. The priority actions discussed in this brief require technical and digital competen-
cies that many distribution utilities do not yet possess at sufficient scale. Grid planners need to work with
scenario modelling tools and GIS-based analysis, connection managers need to operate digitalised platforms
and interpret automated assessments and grid operators need to use advanced operational software solu-
tions. The challenge is particularly acute in emerging and developing economies, where distribution utilities
are often already insufficiently staffed to meet their existing responsibilities and must compete with other
sectors for a limited pool of technically and digitally skilled workers. Without adequate investment in work-
force development, digital solutions risk being underutilised or ineffectively deployed, leaving distribution
utilities without the technical workforce needed to advance grid modernisation at the required pace.

Priority actions

Building digital capabilities is foundational to all other modernisation priorities — from better planning and
faster connections to flexibility procurement and transmission-distribution coordination. This requires both
institutional reforms and investments in technical infrastructure:

- Introduce clear investment frameworks for digitalisation. Realising the full potential of distribution grid
digitalisation requires supportive governance and regulatory frameworks, as utilities might otherwise
underinvest or invest in the wrong things. Governments should establish a clear national vision for grid
digitalisation that sets expectations for the pace and scope of digital investment. Regulators should mandate
the digitalisation of distribution networks, eventually including even the low-voltage level. Critically, the
regulatory treatment of digital investment must reflect its full system value, not just the immediate, more
narrow operational savings they deliver to the distribution utility.

- Develop data, privacy and cybersecurity governance. Data governance frameworks should manage the
adoption of standards for data formats, communication protocols and equipment interoperability. They
should also address questions of data access. If grid data remains exclusively with the incumbent utility,
information asymmetries are reinforced that disadvantage aggregators, independent service providers and
DER owners seeking to participate in flexibility markets. Rules on data access should be designed to support
new market entrants and enable energy services to be provided competitively while ensuring that consumer
privacy and grid security are properly protected. Increased digitalisation also creates new cybersecurity
vulnerabilities. Adopting cybersecurity standards and investing in related capabilities should be an integral
part of digitalisation programmes.
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- Strengthen data foundations. Distribution utilities should build and maintain up-to-date digital models of
their distribution grids, including the low-voltage segments. They should ensure that these models are suit-
able for use in planning simulations and real-time power flow analysis, in addition to providing asset-track-
ing capabilities. This will enable utilities to understand where constraints exist, where new connections
can be accommodated and where investment or flexibility procurement is most needed. Where appropriate,
data gathering efforts can be supported by Al-assisted data processing and systematic data cleaning to bring
legacy records up to analytical quality.

- Roll out advanced metering infrastructure. Smart meter deployment is a crucial step in distribution grid dig-
italisation. Smart meters constitute the basic layer of grid visibility, providing time-stamped injection and
offtake data at the point of connection. This is a prerequisite for many other capabilities, including dynamic
tariffs, demand response and improved billing. Though accelerating smart meter deployment should be a
near-term priority everywhere, its rollout can be staggered to prioritise higher-impact end-users such as
those with EV chargers or large solar installations.

- Increase grid observability. As DER deployment grows, distribution utilities should invest progressively in
monitoring infrastructure. At the medium-voltage level, sensors at substations and along grid lines that are
integrated with SCADA systems® provide operators with the situational awareness needed to manage bidi-
rectional flows and emerging dynamic conditions. At the low-voltage level, advanced monitoring becomes
essential at higher DER deployment levels to enable real-time visibility down to individual transformers,
low-voltage lines and connection points. This, in turn, enables distribution utilities to develop and publish
standardised, frequently updated hosting capacity maps that show where the grid can accommodate new
connections and where it is constrained. This improves transparency for consumers, project developers, grid
planners and regulators.

- Increase operational capabilities. Modern digital tools give distribution utilities the operational capabilities
to manage an increasingly complex and dynamic grid. Advanced distribution management systems (ADMS)
integrate real-time data from sensors, smart meters and SCADA systems into a unified operational platform,
enabling operators to monitor grid conditions, detect faults and execute grid switching and reconfiguration
actions remotely and in near-real time. Distribution energy resource management systems (DERMS) extend
these capabilities to include DER coordination: they allow operators to monitor the status and behaviour of
DERs across the grid, forecast their aggregate impact on local grid conditions and send coordination signals
to individual assets or aggregated portfolios to manage congestion, support voltage or provide flexibility
services. The deployment of such solutions should be proportionate to the level of DER deployment and grid
complexity: utilities at earlier stages may begin with basic SCADA modernisation and remote switching at
the medium-voltage level, while those facing higher DER volumes will eventually need the full capabilities.

- Invest in workforce development. Utilities should roll out structured on-the-job training and reskilling
programmes to equip existing staff with the skills needed to leverage new digital solutions. Recruitment
strategies should be updated to reflect the changing skill profiles. Policymakers and regulators can support
this by including workforce development costs in the approved expenditure base for grid modernisation pro-
grammes. Governments should also invest in expanded vocational and university training, paying particular
attention to digital competencies, for a variety of profiles: from grid planners and engineers to field techni-
cians, data analysts and regulatory staff. Regional cooperation and knowledge-sharing initiatives can help
smaller utilities access training resources and expertise. Early action is important given the time needed for
training and recruitment efforts to yield results.

6 SCADA (supervisory control and data acquisition) systems allow distribution grid utilities to remotely monitor, control and acquire data in real
time across their grids.
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e Good practices

- India’s smart meter programme (RDSS)

India has launched one of the world’s most ambitious smart metering programmes: 250 million smart
meters targeted under the Revamped Distribution Sector Scheme (RDSS), with approximately 50 million
installed as of late 2025. The programme aims to reduce technical and commercial losses, improve billing
and collection and build the data foundation for grid modernisation.

Source: Prayas Energy Group, “Smart Metering in India: A work in progress”, 2025

- Germany'’s Redispatch 2.0 framework

In October 2021, Germany introduced the Redispatch 2.0 framework to address the rising costs of its re-
dispatch process. Where the previous system relied solely on large conventional power plants connected
to the transmission grid, Redispatch 2.0 now considers all plants from 100 kW upwards, including those
connected to the distribution grid. This is made possible by digitalisation efforts, which enable a large
number of small, geographically dispersed assets to be managed automatically via standardised digital
communication interfaces and defined data exchange protocols.

Source: Bundesnetzagentur, “Netzengpassmanagement”, 2021

- The Netherlands’ hosting capacity maps and real-time interface requirements

The Netherlands requires grid operators to publish capacity maps showing available grid capacity for
both injection and offtake. These maps improve transparency by showing where congestion exists and
whether congestion management solutions are being used, while the real-time interface framework
supports more active monitoring and control of DERs.

Source: Netbeheer Nederland, “Insight into the capacity of the grid”, 2023

- Vietnam'’s rooftop solar control platform

Vietnam'’s rapid solar expansion highlighted the lack of real-time visibility and controllability at distribu-
tion level and made it harder for the utility to monitor generation and manage grid constraints efficient-
ly. In response, Vietnam'’s national utility EVN developed the Solar Energy Management System (SEMS),
a digital platform for rooftop PV that enables real-time monitoring, warnings, remote scheduling and
parameter setting, as well as automatic output control. By early 2025, the platform was managing 241
rooftop systems and being prepared for wider use.

Source: EVN, “SEMS rooftop solar power monitoring and control system recognized as "Make by EVN" product”, 2025

2.5 Transmission-distribution coordination: Managing a decentralising power
system

How transmission and distribution operations are coordinated will determine whether the full value of
distribution resources is captured across the power system. Traditional power systems operate according to
a strict functional hierarchy: transmission manages the high-voltage grid to transport electricity from cen-
tralised generation to major load centres, while distribution manages the medium- and low-voltage grid to
deliver electricity securely to consumers. This model required little coordination between the two levels. As
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DER deployment increases, what happens at the distribution level increasingly affects the transmission level,
requiring power systems to move beyond this traditionally siloed approach. Coordination must evolve from a
simple physical interface into a well-designed cooperation scheme that prevents counteracting effects between
the different grid levels and unlocks the full value of DERs.
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Challenges

When transmission and distribution operations are not properly coordinated, actions taken at one level can
undermine those taken at another and the full value of distributed resources fails to be exploited. Transmission
utilities may not know how much distributed generation is active on the distribution grids feeding into their
system or how much flexible demand is available. Distribution utilities may lack the transmission-level infor-
mation needed to anticipate system-wide conditions that affect distribution grid operations. The coordination
gaps become more consequential as DER deployment increases:

- Institutional barriers. While the challenges manifest differently depending on the power sector's govern-
ance structure, each model presents coordination barriers that need deliberate action to be overcome. In fully
unbundled systems, such as those in the European Union, transmission system operators and distribution
system operators are separate legal entities, meaning coordination must be formalised through regulation
and data-sharing protocols. In single-buyer models, such as in Thailand, the transmission/buyer entity and
distribution entities are separate state-owned actors that are sometimes managed by different ministries,
requiring clear inter-agency coordination mechanisms. In vertically integrated utility models, such as PLN
in Indonesia, transmission and distribution are handled by the same institution. While this might imply
easier communication, internal organisational silos with different priorities and information systems can be
just as obstructive as institutional gaps between separate organisations.

- Misaligned incentives. Institutional barriers may be compounded by misaligned incentives. In a vertically
integrated utility, the entity managing distribution also manages transmission and may additionally own
power plants, creating a financial incentive to favour its own generation over distributed alternatives. For
example, sharing operational data with a separate distribution planning function, or allocating DER flex-
ibility between local distribution needs and system-wide balancing, may conflict with these interests. In
single-buyer models, the transmission entity that generates and procures bulk power may resist distri-
bution-level resources competing with its contracted generators for system services. Even in unbundled
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systems, coordination of flexibility procurement raises the question of who benefits and who pays when
distributed resources provide services that span both levels, for example when distribution grids need to be
reinforced to enable the transmission-level provision of services by resources connected at the distribution
level.

- Counteracting effects. Without coordination, actions taken at one level can undermine those taken at
another. A distribution utility managing local congestion might curtail distributed solar generation at the
precise moment the transmission utility needs that generation to maintain system balance. Conversely, a
transmission utility might change the generation level of large conventional generators to address system
imbalances or transmission-level congestion, inadvertently changing power flow patterns in distribution
grid lines that may already be under stress. At low DER deployment levels, such conflicts are infrequent and
their consequences minor. At higher deployment levels, conflicts can occur daily with significant cost and
reliability implications.

- Missed opportunities for planning and operational optimisation. DERs can provide services that are valua-
ble to both the transmission and distribution levels. In the absence of mechanisms to share information about
the availability of these resources or to allocate them efficiently between local and system-wide needs, their
value is captured only partially or not at all. This may require more costly operational measures to be acti-
vated. It also makes it more difficult to consider DER flexibility in transmission grid planning. This is exac-
erbated by the fact that transmission and distribution investment plans are generally developed in isolation.
The result can be over- and under-investment at both levels. For example, transmission planning might opt
for high-voltage grid upgrades to meet peak demand that could have been met more cost-effectively by acti-
vating distribution-level flexibility. Conversely, a grid constraint may be left unaddressed because each level
assumed the other would deal with it or simply did not anticipate the operating conditions at the other level
that would cause the constraint.

Priority actions

Coordinated planning and operations across transmission and distribution levels enable better utilisation of
DERs, lower operational costs and more efficient investment across the power system. To achieve this, policy-
makers should focus on several key enablers:

- Define clear roles and responsibilities. All power system functions should be clearly defined and assigned,
particularly around flexibility procurement and conflict resolution. As DER flexibility becomes a signifi-
cant resource, it is important to determine who procures and dispatches flexibility from DERs, how con-
flicts between local and system-wide needs are resolved and how the costs and benefits of coordination are
allocated. When defining these roles and responsibilities, the conflicting incentives discussed earlier must be
taken into account. Where the entities managing transmission and distribution also have stakes in genera-
tion and retail, it is important to implement safeguards against self-preferencing. Where transmission and
distribution are bundled within the same utility, policymakers and regulators should consider implementing
explicit coordination mechanisms between departments managing each. Unbundling is not necessarily the
goal; it is about ensuring that the distribution grid function receives the dedicated attention, resources and
accountability it needs to manage the changes ahead.

- Develop data exchange platforms and protocols. Introducing data exchange platforms enables transmission
and distribution utilities to share relevant data. In a planning context, this can include investment plans,
demand projections and DER deployment scenarios. In an operational context, it may encompass genera-
tion forecasts, congestion information, flexibility availability and demand profiles. While periodic sharing
is sufficient for planning purposes, operational coordination in higher DER phases requires digitalisation to
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support real-time or near-real-time information exchange. Technical requirements include standardised
data formats, secure communication protocols and agreed exchange frequencies. Governance frameworks
should clearly define the related roles and responsibilities, creating the processes through which data is
shared routinely rather than ad hoc.

Mandate joint or coordinated planning. Aligned planning ensures that investment decisions at one level take
conditions and plans at the other into account. At the very least, this involves transmission and distribution
planners sharing their respective planning data and scenarios. Ideally, it means developing joint scenarios.
These can include shared views about how DER deployment will evolve across a region and how this will
affect power flows at the transmission-distribution interface. Joint planning can identify opportunities that
separate planning would not be able to, such as how distribution-level flexibility could defer a transmission
upgrade or a transmission reinforcement could prevent congestion cascading into distribution grids. It can
also reduce costs by deferring or avoiding physical upgrades in favour of digital and flexible solutions.
Mandate real-time operational coordination. As DER deployment grows, actions at one grid level increas-
ingly affect conditions at the other, requiring coordination that goes beyond planning alignment. Operational
protocols should define how transmission and distribution operators manage cross-level effects on conges-
tion and voltage, and how they share access to distribution-level flexibility for both local and system-wide
needs. For the latter, they need clear, interoperable processes for reserving, activating, and settling these ser-
vices without conflicting with each other. Grid codes and technical standards should be harmonised across
voltage levels to ensure consistent connection requirements for new assets and enable DERs to provide ser-
vices across the power system. As a growing share of dispatchable, inverter-based resources connects at the
distribution level, approaches to protection, fault management and system restoration also need adaptation.

e Good practices

- Denmark, Italy and Spain’s TSO-DSO data exchange for procurement of DER system services

The European project SmartNet focuses on TSO-DSO interaction schemes, market architectures and digi-
tal solutions for the integration of ancillary services from DERs. The project is trialling the sharing of data
between TSOs and DSOs to enable the acquisition of DER flexibility, and monitoring related performance,
on a pilot scale in Italy, Spain and Denmark.

Source: European Commission CORDIS, “SmartNet”

- EU TS0-DSO coordination efforts

The EU has been working to improve TSO-DSO coordination by introducing @ more formal cooperation
framework between ENTSO-E and the EU’s DSO Entity, including joint work on grid codes, data exchange,
coordinated system planning and operation and the integration of DERs. Some member states have
advanced further than others. The experience gained illustrates both the potential and the difficulty of
formalising coordination between institutionally separate entities.

Source: ENTSO-E and EU DSO Entity, “Common TSO-DSO work plan 2024-25"
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3 How to get started

Modernising distribution grids to keep pace with the energy transition requires significant investment. Done
right, that investment more than pays for itself — turning a cost into an opportunity. The same distributed
energy resources that create new challenges for distribution grids — rooftop solar, batteries, electric vehicles
and heating and cooling appliances - can also deliver energy systems that are affordable, reliable and can be
expanded more quickly. Enabled by digital tools that are falling in cost and growing in capability, DER flexibil -
ity can reduce the need for conventional grid reinforcement, accelerate the connection of new assets and lower
costs for consumers while improving quality of service.

Capturing this opportunity requires not only technical modernisation but rethinking of how distribution
grids are governed. Distribution utilities often combine grid management with other functions such as supply
and retail, creating incentives that do not always align with efficient grid modernisation. Regulatory frame-
works that reward capital expenditure over performance outcomes can reinforce this misalignment, favouring
conventional infrastructure over potentially cheaper and faster alternatives. At the same time, a growing share
of generation, storage and flexible demand assets are owned by consumers rather than utilities. This shift calls
for transparent and non-discriminatory access to the grid and for distribution utilities to evolve into system
operators that coordinate DERs that are sometimes owned by other parties. Governance frameworks should
also be adapted to give consumers investing in energy assets a meaningful say in how the system is run.

Countries that act early on both the technical and institutional dimensions will be best positioned to harness
DERs for affordable, reliable and clean energy systems. The tools and technologies are proven, and the expe-
rience of countries further along in this transition shows what works. Whether DER deployment is still in

an early phase or has already outpaced grid capabilities, the priority is the same: to put the right frameworks
in place now. The question is not whether distribution grids will change, but whether policymakers will act
quickly and decisively enough to shape that change to foster economic growth and progress on the energy
transition.

To help policymakers and regulators get started, this brief's recommendations have been synthesised into a
roadmap based on three phases of DER deployment. The roadmap is a diagnostic tool: it shows which actions
are most urgent at each phase and how the agenda for each topic evolves as deployment increases. The follow-
ing practical guidance can help with navigating it:

- Identify your starting point. Countries are in different starting places and moving at different speeds. Even
different regions within a country may be in different phases: while most of the country may be in Phase 1,
some places — such as urban centres with high solar or EV adoption — may already be experiencing Phase 2
challenges. Policymakers should work with regulators and distribution utilities to identify these localised
starting points and target interventions where they are most urgent.

- Learn from frontrunners. Countries in earlier phases of DER deployment can draw on the practical experi-
ence of those further along. The examples in this brief demonstrate how targeted action can provide immedi-
ate relief and lay important foundations for everything that follows.

- Avoid lock-in. Regulatory frameworks designed for an earlier era often favour large-scale physical assets
over more flexible and cost-effective alternatives. Building adaptability into the regulatory framework from
the outset - through performance-based approaches and regular review cycles — prevents commitments that
make it harder to reform later.
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- Start now. Many Phase 1 actions are low-cost and low-complexity, yet yield immediate benefits: faster
connections, better data, reduced losses. They also build the institutional frameworks and technical infra-
structure on which subsequent actions depend.

e Phase 1: Early stage of DER Phase 2: Growing DER Phase 3: High DER
deployment deployment deployment

Planning and - Introduce scenario-based - Enable anticipatory - Implement performance-
investment planning linked to energy investments and total expenditure-
system planning - Require evaluation of based regulation
- Improve utility financial non-wire solutions - Increase access to capital
health, e.g. through tariff - Address regulatory capital where public sources are
reform expenditure bias insufficient
- Create long-term visibility - Set up strategic grid
for equipment demand equipment procurement
Permitting and - Set up an online registra- - Update grid codes and - Publish hosting capacity
connections tion platform for requests create standard lists of maps
- Streamline cross-agency approved equipment - Implement automated
coordination - Introduce multi-tier differ- processing
- Clean up existing queues entiated pathways - Introduce timelines and
- Introduce simplified path- - Implement connection accountability mechanisms
ways for smaller assets queue management rules
- Introduce flexible/non-firm = - Enable cable pooling and
connection agreements dynamic operating enve-
lopes
DER flexibility - Establish reqgulatory - Enable (third-party) DER - Switch to tariffs that vary
mandates for utilities to aggregation and participa- in time and location to
leverage DER flexibility tion in flexibility procure- reflect both system-wide
- Introduce technical ment and local grid conditions
standards for DERs - Introduce time-variable - Establish system service
- Deploy simple, rule-based tariffs and pilot tariff el- markets and procurement
flexibility mechanisms ements that reflect local frameworks at scale
grid conditions
Digitalisation - Create clear investment - Strengthen observability - Expand observability and
frameworks for digitali- and control at the medium- control capabilities down
sation voltage level to the low-voltage level
- Develop GIS models of the = - Develop clear data, privacy - Develop hosting capacity
distribution grid and cybersecurity govern- maps
- Start smart meter rollout ance frameworks

- Invest early in workforce
development

Transmission — - Clearly assign responsibili- = - Enable operational data - Establish mature frame-
distribution ties for distribution system exchange works for joint planning
coordination operation - Begin coordinated plan- and real-time operations
- Establish basic data shar- ning for DER integration - Manage local vs. system-
ing between transmission - Define roles for flexibility wide optimisation conflicts
and distribution procurement at the distri- - Add self-preferencing

bution level safeguards
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