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DMC challenge: Renewable growth is outpacing system and grid readiness 
The bottleneck has shifted from generation capacity to system operation

More distributed PV
Thousands of small generators connected 
behind meters or at feeder level

Digital system capability must evolve at the same speed as physical deployment

🌞

Storage scaling up 
BESS can help, but only if coordinated 
with generation, demand and grid 
constraints

🔋

New flexible demand

Regional connectivity
Interconnection and power trade increase 
value,  but require better forecasting and 
controls

Data Centers, EVs, cooling, water treatment, 
agriculture and industry reshape load profiles

🌐

🚗



Sri Lanka: When rooftop PV becomes a 
system operation issue

Need: forecasting, telemetry, operational rules

👁 No visibility

AMI / telemetry gaps

🎛 Limited control
Few DER control levers

☁ Forecast uncertainty
PV ramps and cloud events

🛡 Lower system strength
Inertia and fault level concerns

Event Challenge Digitalization need
2025 system blackout A 33 kV fault at Panadura GSS 

initiated a wider system disturbance
Protection coordination, system 
strength monitoring, real-time 
situational awareness

2026 rooftop solar switch-off 
requests

Rooftop PV had to be manually 
curtailed during low-demand periods

DER visibility, inverter control, 
forecasting, operational rules



India: Distribution feeders are 
becoming active energy platforms

Need: AMI, DERMS, digital twins, adaptive 
protection

Voltage rise
reverse flow

Protection
fault direction

Congestion
local overloads

Power quality
harmonics

Dispatch
curtailment

As roo&op PV, feeder solariza2on, EVs and flexible loads grow, distribu2on grids must move from passive 
networks to ac2vely managed plaAorms.



Common lesson

Digitalization is not an 
“advanced option”; it 
becomes a prerequisite 
for secure renewable 
integration.

🇧🇩 Bangladesh

Renewable scale-up will require a more 
flexible grid, storage and automated 
distribuEon.

Digital implica+on: grid flexibility, digital controls, 
substa+on upgrades and storage planning.

🇻🇳 Viet Nam

Rapid solar growth has created congesEon 
and curtailment where grid and storage lag 
deployment.

Digital implica+on: conges+on management, 
dispatch flexibility, grid planning and storage.

🇦🇺 Australia

High rooHop PV penetraEon is pushing 
minimum-demand limits and requiring 
emergency backstop mechanisms.

Digital implica+on: DER orchestra+on, dynamic 
opera+ng envelopes, inverter se>ngs and customer-
safe curtailment.

🏝 Pacific islands / Maldives

Small weak grids need to coordinate PV, 
BESS, diesel and criEcal energy-water-food 
loads.

Digital implica+on: EMS, forecas+ng, BESS dispatch, 
diesel op+miza+on and resilience-oriented 
opera+on.

Beyond South Asia: the same digitalization challenge is emerging globally
Different grids, same pattern: variable renewables are growing faster than visibility, flexibility and operational control.



What Europe can bring: Digital experience that is adaptable, not copy-paste
The opportunity is to translate European lessons into DMC-ready architectures and implementation pathways

🔌 Smart grids & interconnections

Cross-border operation, 
congestion management, system 
coordination

📡 Visibility & data platforms
AMI, SCADA, IoT, data spaces 
and interoperable information 
models

🧠 Forecasting, AI & optimization
Renewable forecasting, 
predictive maintenance, digital 
twins and decision support

🕹 DER flexibility & control
Flexible connections, 
dynamic envelopes, DERMS 
and local flexibility

🔐
Cybersecurity & resilience

Secure-by-design critical 
energy infrastructure and 
operational continuity

🤝 Market & regulatory design

Rules that align technology, 
incentives, procurement and 
consumer protection

Which European approaches can be simplified, modularized and financed for DMC contexts?



Questions for European experience

Key takeaway: digitalization is the operating system of the clean energy transition

What minimum digital visibility and control should 
utilities have before DER penetration becomes high?

Which European digital grid solutions are mature 
enough for rapid deployment in DMCs?

?

?

How can flexible connections, dynamic envelopes and 
curtailment rules be designed without discouraging 
investment?

How can digitalization support interconnections, regional 
power trade and integrated system operation?

?

?

Thank you

Today’s discussion should help identify which European digital solutions are mature, affordable and adaptable enough to 
support DMC utilities in the next 3–5 years.
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Bridging Air Quality, Climate and 
Energy Through Digital Transformation
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Wide Area Monitoring System (WAMS) 
for Energy Connectivity and Integration

European examples



Needs for advanced measurement systems:

o High system complexity and Decentraliza;on: 

o Large geographical extension of transmission networks

o Inter-area dynamic phenomena

o Increasing concern of system’s dynamic security 

Limita;on of tradi;onal SCADA system: tradi2onal SCADA systems lack high 
sampling rates and 2me synchroniza2on, missing cri2cal dynamic phenomena 
in the grid.

Wide Area Measurement System (WAMS) with PMU technology have been 
developed to obtain Real-Time Situa2onal Awarness

Why Europe Needs WAMS
Europe's grid complexity increases due to decentraliza6on and variable 
renewable energy integra6on, requiring dynamic system visibility.



A Wide Area Measurement System (WAMS) consists of advanced 
measurement technology, informa;on tools and opera;onal infrastructure.

WAMS facilitate the understanding and management of the increasingly 
complex behavior exhibited by large power systems. 

WAMS is expressly designed to enhance the operator’s real-;me situa;onal 
awareness that is necessary for safe and reliable grid opera;on.

The best way to monitor the Power System Dynamics.

The main objec;ve is to Increase the Situa;onal Awareness.

WAMS - Introduc@on



• Synchrophasors are 2me-synchronized numbers that represent both the magnitude 
and phase angle of the sine waves found in electricity and are 2me-synchronized for 
accuracy. 

• They are measured by high-speed monitors called Phasor Measurement Units (PMUs) 
that are 100 2mes faster than SCADA. 

• Samples are taken 10 to 60 (or more) per second compared with SCADA that is 1 each 
2 or 4 seconds.

• PMU measurements record grid condi2ons with great accuracy and offer insight into 
grid stability or grid stress.  

Synchrophasors and PMUs

Improve grid reliability  and efficiency  
and to have lower  operating costs

Synchrophasor technology is used for:

• real-time operations 

• off-line engineering analyses 



• PMU technology main features

o GPS 2me synchronisa2on (according IEEE 1344 2ll 2005 then IEEE C37.118)

o High sampling rate (50-60 Hz)

o High speed telecommunica2on connec2on

o Calcula2on of module and angle of voltages and currents

• PMU devices only can collect accurate and synchronized measure over large (interconnected) power systems

PMU Technology
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PMU device architecture



• Phasor Measurement Units (PMUs)
PMUs provide 2me-synchronized measurements of voltage and phase angle using 
GPS signals for real-2me comparison across the grid.

• High-speed Communica;on Network
Data from PMUs is transmi[ed through a reliable, low-latency network to central 
facili2es via Phasor Data Concentrators.

• Data Analy;cs and Visualiza;on
Advanced analy2cs tools extract insights like frequency trends and oscilla2ons, 
enabling real-2me system visualiza2on and decision-making.

• User Interfaces and Control Applica;ons
Intui2ve user interfaces present analyzed data clearly to operators, suppor2ng 
monitoring, control, and grid op2miza2on.

Digitaliza@on Architecture



• Upgrade Information System
• Communications Infrastructure for Transmission Grid
• Metering Data Acquisition System
• Geographic Information Systems (GIS)
• Substation Automation System
• Fault locator system (FLS)
• Dynamic Thermal Circuit Rating (DTCR)
• Operation Management Improvement
• Oscillation Detection
• Phase angle monitoring
• Frequency Event detection
• Voltage stability monitoring
• Event Management, Alarm, Restoration
• General Event Detection
• Islanding detection
• Wide area awareness/visibility
• Loss of synchronism mitigation
• �Backup and integration for SCADA system

Smart Grids Applications

WAMS



• Planned to improve system security a&er 2003 blackout.

• Aimed to provide the control room operators with advanced monitoring tools 
and, in perspec2ve, automa;c correc;ve controls, both phenomenon and event-
based, linked with a SPS.

EUROPE - Italian WAMS experience – “System characteris@cs”

• In service since 2005 with 30 PMUs.

• Up to 150 PMU devices, their number is in con2nuous 
growing.

• PMU loca2ons have been selected in order to maximise 
the added value of the measurements

• Connec;on with the neighboring countries for comprehensive control of the 
interconnected power network and in-depth monitoring of the power import 
towards the Italian system.



EUROPEAN WEB WAMS – Home Page



WEB WAMS – Real Time Angle Differences



WEB WAMS – Real Time Analysis

1D Analysis

2D Analysis



• Inter-area Oscilla;ons
Oscilla2ons occur when power is transferred between regions with differing 
electrical characteris2cs, causing angle differences

• WAMS Real-Time Detec;on
WAMS uses synchronized measurements from mul2ple loca2ons to detect 
oscilla2ons and assess their damping in real 2me.

• Early Warning and Interven;on
WAMS provides early warnings allowing operators to adjust genera2on or tune 
stabilizers to prevent instability

• Digitaliza;on Enhancing Stability
Digital tools like WAMS transform power system management from reac2ve to 
proac2ve, ensuring reliable energy integra2on.

Inter-area Oscilla@on Case



Opera@onal Benefits

• Enhanced Situa;onal Awareness
WAMS provides real-2me, high-resolu2on data that improves operators' 
understanding of dynamic grid condi2ons.

• Early Event Detec;on
Subtle changes in frequency or phase angle are detected early to prevent outages and 
cascading failures.

• Advanced System Analysis
WAMS supports post-event reconstruc2on and sta2s2cal evalua2ons to improve 
planning and opera2ons.

• Improved Coordina;on
Synchronized data sharing enhances collabora2on between different regional control 
areas for grid reliability



Support to Integration

• Cross-Border Energy Monitoring
WAMS enables synchronized measurement of power flows across 
borders, ensuring efficient and secure energy transfers.

• Renewable Energy Integration
WAMS provides real-time data to manage the variability of wind and 
solar power, enhancing grid stability

• Advanced Grid Applications
Dynamic line rating and state estimation optimize transmission 
capacity for better infrastructure utilization

• Coordinated Control Strategies
Unified system views enable operators to implement strategies 
improving performance across multiple regions



Continuous Improvement

• Post-Event Analysis
WAMS enables detailed post-event analysis to study disturbances and improve 
opera2onal procedures.

• Sta;s;cal System Monitoring
Long-term sta2s2cal analysis of system parameters helps iden2fy pa[erns and 
varia2ons in opera2on

• Model Valida;on and Planning
WAMS data supports model valida2on to ensure accurate simula2ons for planning 
and control development

• Data-Driven Con;nuous Improvement
Con2nuous refinement of opera2ons and planning using insights from WAMS 
enhances grid resilience and efficiency



Key Takeaway

• WAMS Enables Digitaliza;on
WAMS transforms energy connec2vity into true system integra2on through 
digitaliza2on.

• Real-Time Visibility and Control
Synchronized measurements and advanced analy2cs provide real-2me insights for 
system stability

• Supports Cross-Border Coordina;on
WAMS enhances grid resilience and renewable integra2on across interconnected 
European networks

• Prac;cal Benefits Demonstrated
The Italian experience shows WAMS delivers prac2cal and achievable 
improvements in grid opera2on



THANK YOU!
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European Examples of How Digitalization Can Support 
Energy Connectivity and Integration
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TRUSTED PARTNER
of numerous energy players

>300 employees
In 15 countries

7 000 assets operated
by our operations centers
8 GW capacity managed15 years of experience in 

flexibility management and 
energy markets

> 2 MILLIONS of tons of 
CO2 savings per year

TONGA

KSA

TURKEY

IVORY COAST

MAURITIUS

FRANCE

JAPAN

PACIFIC

AZORES

ENERGY POOL, SMART ENERGY MANAGER
A GLOBAL AND INDEPENDENT PLAYER

Our Mission : Guarantee access to a low CO2, reliable and a6ordable 
energy to people worldwide



Island grids concentrate all power system complexity 
into a small system.

The challenge is not adding renewables —
it is making the system capable of managing them.

The goal is to have a resilient and cost-optimized, 
sustainable system.

Challenging environmental conditions: 
impact on infrastructure, equipment longevity

Unpredictable weather: impact on 
demand and production forecasting

Logistics: transport materials and fuel, 
availability of qualified personnel, system 
maintenance

High dependency on fossil fuel: high costs, 
environmental impact, noise pollution

THESE ARE CHALLENGES AND COSTS 
THAT CAN BE MITIGATED BY 

AN ADVANCED ENERGY MANAGEMENT SYSTEM

WHY DIGITALIZATION ON ISLANDS IS CHALLENGING?



OLD MODEL

SINGLE UTILITY 
& ONLY DIESEL GENERATION

NEW MODEL (NOW)
MULTIPLE ACTORS:

(New grid operators, IPPs, 
Self-consumption projects 

(prosumers..)
& RENEWABLES

> Fragmented grids with limited or no digital tools (no SCADA, no EMS)
> Incomplete or unreliable data 
> Multiple stakeholders ( some assets owned by utilities, some by IPPs or prosumers)
> Limited or no control if assets owned by different stakeholders
> Misalignment between technical, regulatory and operational frameworks
> Grids not adapted to new needs 

NEW 
CHALLENGES

TECHNOLOGY

PEOPLELAW

INFRASTRUCTURE

ISOLATION

LACK OF VISIBILITY LACK OF COORDINATION LACK OF CONTROL

DIGITALIZATION AS A TRANSFORMATION JOURNEY: KEY INSIGHTS



EU island case: DiKerent assets that can be
coordinated and optimized by an EMS

KEY INSIGHTS: CASE STUDY OF A EUROPEAN ISLAND



A case study of a European island utility, 
already hybrid.
Diesel gensets + PV+ Wind  (no BESS)

Energy Pool's study demonstrated the 
benefits of an EMS in different scenarios, 
both with and without a BESS.

You don't need BESS to benefit from EMS 
and reduce your operational costs (i.e. 
reduce diesel use)

Gensets
 ~1MW

PV
0.2MW

Wind
~1MW

BESS
<1MW / 1MWh

• On-site audit
• Concrete recommendations
• Grid simulations 

Upgrades RE Penetration Fuel 
savings

Today 20% 0

With EMS 45% 350k€/year

With EMS+BESS 90% >800k€/year

26 Days/month 100% RE 
with an advanced EMS

KEY INSIGHTS: CASE STUDY OF AN EU ISLAND



TEP becomes the responsible for grid 
balancing

~200,000 inhabitants

100 MW peak demand

300 km of lines 
24 substations

A STRUCTURAL CHANGE

> Fragmented assets & limited visibility (no control on IPPs’ PV+BESS)
> Lack of centralized control over generation assets
> SCADA: manual and complex operations, real-time data only
> Risk of future congestions (generation concentrated on one side of island)
> Lack of forecasting & centralized reserve management (storage needed for stability)
> Need advanced, tailor-made solutions & experienced partners for strategic support
> Grid code: complex & misaligned with TSO/IPPs needs

Emergence of IPPs

EDT no longer as both producer and 
neutral system operator

THAT BRINGS NEW CHALLENGES FOR TEP

KEY INSIGHTS: CASE STUDY OF A PACIFIC ISLAND



Hydro 7 MW

Hydro 4 MW

Hydro 2.5 MWHydro 5 MW

Diesel gensets 122 MW

Diesel gensets 39 MW

Hydro 28 MW

BESS 10 MWh

Distributed solar ~70 MW

IPP 

IPP 

KEY INSIGHTS: CASE STUDY OF A PACIFIC ISLAND



Pacific island case

2 IPPs in Tahiti, first agrivoltaics projects:
PV + BESS, exporting to the Tahitian grid

KEY INSIGHTS: CASE STUDY OF A PACIFIC ISLAND



ONE SINGLE UTILITY - EDT 

Responsible for production & distribution, 
balance supply/ demand 

TSO - TEP

PEOPLE (operational dispatch)

Diesel operations mode only, robust but 
« easy » black start procedures

MICROGRID MANAGEMENT

Reactive mode, real-time monitoring 
and control

SOFTWARE TOOLS

SCADA

BALANCE SUPPLY/DEMAND

Ensured by EDT mostly with diesel and 
hydro

BEFORE

Measurement and verification only



MULTIPLE UTILITIES / LOCAL OPERATORS

Responsible for production & distribution, 
balance in the grid

TSO - TEP

PEOPLE (operational dispatch)
Need of new skills improvement:  hybrid 
management

MICROGRID MANAGEMENT
Forward-looking mode: forecasting 
consumption, generation and weather to 
optimize the use of renewables and 
provide grid stability

SOFTWARE TOOLS
Need of advanced solutions: SCADA+ EMS

BALANCE SUPPLY/DEMAND
Operators' responsibility 
(with BESS/diesel gensets)

NOW

Responsible for measurement and verification, 
+ balance in the grid in Tahiti

SPL Te Uira Api No Te Mau Motu, EPIC Te 
Ito Rau No Moorea Maiao, CODIM…



GRID CODE AND PPA COMPLIANCE

2 hybrid IPPs

VISIBILITY AND TRACKING: 
Monitoring with measurement and 
verification of hybrid IPPs compliance
Manage deviations in real time between 
forecasted and generation exported to 
the grid
Dashboards to ensure compliance

PROGRESSIVE AUTOMATION, 
SUPERVISION AND CONTROL

Automating exchanges between the TSO 
and IPPs
New assets integration for complete 
monitoring of the island’s portfolio: hydro, 
diesel gensets, BESS, distributed PV
Integration of future BESS on the TSO’s 
grid

NOW

FULL VISIBILITY

2 IPPs + hydro+ diesel gensets + PV + 

BESS

OPTIMISED DISPATCH 
RECOMMENDATIONS :

Addition of new hybrid IPPs (PV+BESS)
Centralized reserve management 
via BESS 
Real-time recommendations for the 
TSO to optimize operations based 
on EMS forecasts, to be shared with 
the utility for coordinated and 
optimized dispatch 
Dynamic optimization and automatic 
control of certain assets

FUTUREALREADY DONE

GRID OPERATIONS SUPPORT:

Real-time recommendations for an 

optimal dispatch of the whole island

KEY INSIGHTS: CASE STUDY OF A PACIFIC ISLAND
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Start with a holistic understanding of the technical, operational, and human 
landscape.

Deploy flexible, scalable platforms that can evolve with changing needs and market 
structures.

Build local capacity so operators can own and sustain their transformation journey.

SMART GRIDS ARE NOT ONLY ABOUT TECHNOLOGY -  THEY ARE ALSO ABOUT BUILDING SYSTEMS THAT CAN LEARN, ADAPT 
AND EVOLVE TOGETHER WITH THE PEOPLE WHO OPERATE IT. 

CONCLUSION



THANK YOU!

Alain DARDY
APAC Regional Director
Energy Pool
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Pan-Asia Power Grid - $50 billion mobilized by 2035
• National and subregional grid interconnections, storage, and grid digitalization

• Investments in cross-border infrastructure to unlock renewable energy at scale
• Technical assistance to align regulations, standards, and conduct feasibility 

studies

Asia-Pacific Digital Highway - $20 billion mobilized by 2035
• Digital corridors, data infrastructure, AI-ready economies: 

• Investments in  connected infrastructure for terrestrial and subsea fiber 
networks, satellite links, regional data centers

• Policy and regulatory support for cybersecurity risk management, digital and AI 
readiness skills program

ADB’s Regional Energy and Digital Initiatives



ADB Energy Policy - Strategic Objectives

• Energy security and resilience

• Universal energy access (reliable, affordable 

energy for all)

• Low-carbon transi7on (including nuclear 

energy, methane emissions and cri8cal 
minerals)

• Environmental sustainability



Clean Energy Financing Partnership Facility (CEFPF)
Achievements as of February 2026

The CEFPF was established in 2007 to provide financing to 
Developing Member Countries and help improve energy 
security and transition to low-carbon use through cost-
effective investments in clean energy technologies, which 
result in greenhouse gas mitigation. By promoting the use of 
clean energy, CEFPF helps decrease the impact of climate 
change. 

Aligned with ADB Strategy 2030 and the ADB Energy Policy, 
it gives priority to the following:
• Energy Efficiency
• Access to Energy
• Renewable Energy and Smart Grid 
• Low Carbon Development 
• Promotion of Gender Equality 
• Private Sector Participation 
• Cross-sectoral Support Innovative smart energy and 

digitalization technologies
• Catalyze public and private capital to accelerate the 

transition from carbon intensive to clean energy



Technology / Digital solution Applicability

SCADA / grid automation / control centers Real-time grid monitoring, automated control, fault detection, dispatch, substation automation, and 
system reliability

Advanced Metering Infrastructure, smart 
meters & data management

Loss reduction, billing accuracy, commercial operations, customer metering, energy auditing, and 
demand-side management

Smart grids / digital grid modernization Modernizing power networks to integrate renewables, improve reliability, and support distributed 
energy resources

Forecasting, predictive analytics, and 
optimization tools

Renewable energy forecasting, demand forecasting, grid planning, asset performance monitoring, 
and energy optimization

Energy management systems/
DER management systems

Managing distributed generation, optimizing grid operations, integrating solar/battery systems, and 
supporting smart distribution networks

ADB Energy Projects with Digital Solutions 



Technology / Digital solution Applicability
IoT, sensors, and remote monitoring Remote asset monitoring, smart sensors, leak detection, equipment monitoring, & operational 

visibility

Data analytics platforms, dashboards, 
databases, and knowledge platforms

Evidence-based planning, performance tracking, clean energy investment pipelines, and 
monitoring/reporting systems

Explicit AI / machine learning / AI-enabled 
applications

AI-based microgrids, AI-enhanced distribution grids, predictive maintenance, AI-enabled energy 
management, carbon estimation, and BESS planning

Digital customer, billing, payment, market, or 
portal platforms

Customer portals, digital billing, prepaid solar payments, emissions trading platforms, power 
market platforms

Cybersecurity and digital resilience Protecting grid systems, SCADA, AMI, control centers, data platforms, &  data recovery architecture

GIS / geospatial systems Energy access planning, asset mapping, off-grid planning, methane leakage mapping, and 
infrastructure resilience

Digital Twins Emerging use for energy system planning and resilience, clean energy knowledge-solutions TA

ADB Energy Projects with Digital Solutions 



European Green Deal Principles

Secure & Affordable EU 
Energy Supply

Fully Integrated, 
Interconnected & 

Digitalized EU Energy 
Market

Energy Efficiency

Energy for AI
&

AI for Energy



EU Energy Reform Policy Key Milestones Towards Regional Grid 
Third Energy Package (2009)- From national monopolies to 
coordinated European grids

• Unbundling of Transmission System Operators (TSOs/DSOs)
• Creation of ENTSO-E 

Agency for the Cooperation of Energy Regulators (ACER) 
established • Oversight of cross-border grid issues & Dispute resolution between national regulators

Clean Energy for All Europeans Package (2019) • Formal regional cooperation obligations
• Establishment of Regional Coordination Centers (RCCs)

Revised TEN-E Regulation (EU) 2022/869 (trans-European 
Energy Infrastructure)

• Priority and fast-tracking for cross-border Projects of Common Interest (PCIs)
• Enables  offshore and meshed grids

Electricity Market Design Reform (2023–2024) &
EU Grid Action Plan (2023)

• Stronger regional price signals
• Better integration of flexibility and long-term contracts
• Long term planning of networks and enhanced data access

Regulation 2024/1366 supplementing Regulation 
(EU) 2019/943 of the European Parliament and of the 
Council (2024)

• Establishing a network code on sector-specific rules for cybersecurity aspects of cross-
border electricity flows

EU Digitalization of Energy Action Plan & AI Roadmap 
(2024–2026) • Cross-border data interoperability and governance

EU Energy Reform Evolution to Regional, Digital, and AI-Enabled Grids



The EU Digitalization of the Energy System Action Plan  - a  strategic 
European Commission framework designed to make the energy grid 
smarter, more flexible, and decentralized. 

Priority high-level use cases using smart meters and Automated 
Metering Infrastructure (AMI): 
1. Flexibility 
2. Smart Charging of Electric Vehicles
3. Optimized Buildings' Energy Use 

Increased investments in digital energy infrastructure:
Creation of a digital twin of the electricity grid in collaboration with 
ENTSO-E and EU Distribution System Operators (DSO) Association

Regulatory oversight: ACER and National Regulatory Authorities 
collaboration to set common smart indicators and objectives
Source: Smart Energy Management Webinar 26.03.2024 Cristiana Marchitelli DG ENER. Competitiveness, Digitalization, R&I

Source: EnTEC – Common European Energy Data Space, 2023

Common European Energy Data Space (CEEDS)
Initial Setup of CEEDS



Continental Europe Synchronous Area (CESA) 
Size:
Ø Spans across 24 EU countries
Ø Connects  36 countries
Ø Supplies over 400 million customers 

Goals:
Ø Grid Synchronization (50 Hz frequency) 
Ø Market Integration 
Ø Energy Transition 

Managed by:
Ø The European Network of Transmission 

System Operators for Electricity (ENTSO-E) 
in collaboration with

Ø Continental/ National Transmission System 
Operators (TSOs) 



National 
Policy 

Institutions

Regional 
Regulatory 
Oversight 

Market 
Rules

Investments
Cross-border 
Transmission 

Lines

Generation

Built-in Cyber 
security

Skilled 
Workforce 

Key Components of Intelligent Energy Systems for Regional Integration
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Jamila Amodeo
Asian Development Bank

jamodeo@adb.org
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Earth Observation in Energy Operations
ESA-ADB partnership in action

In cooperation with

European Space Agency



ESA-ADB Partnership

• Mainstreaming Earth Observation (EO) technologies into
ADB operational processes and development finance

• Collaborations initiated in 2010

• More than 50 projects supported
• Engagements in 30 countries
• Multi-sectoral

April 2026, ADB, Manila
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ESA UNCLASSIFIED – Releasable to the PublicESA UNCLASSIFIED – Releasable to the Public

ESA-HQ

ESA-ESTEC

ESA-ESEC

ESA-ESRIN

ESA-EAC

ESA-ESAC

ESA-ECSAT

ESA-ESOC

EUROPE’S SPACEPORT

WHO 23 Member States, 2500+ staff members and total workforce of 6000+

WHY For the peaceful use of space, benefiting all

WHERE HQ in Paris, seven sites across Europe & Spaceport in Kourou

BUDGET €8.3 billion = ~€15 (one cinema ticket) per European a year



ESA Membership
23 Member States

Austria
Belgium

Czech Republic
Denmark
Estonia
Finland
France

Germany
Greece
Hungary
Ireland

Italy

Luxembourg
Netherlands

Norway
Poland

Portugal
Romania

Spain
Slovenia
Sweden

Switzerland
United Kingdom

3 Associate Members
Slovakia, Latvia, Lithuania

Cooperation Agreements 
4 other European States + Canada

AD
B 
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nt
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s 

(1
7)
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ESA UNCLASSIFIED – Releasable to the Public

INSIDE ESA Four pillars. One ESA.

SCIENCE SPACE
TRANSPORTATION

EARTH OBSERVATION NAVIGATION COMMERCIALISATION,
INDUSTRY &

COMPETITIVENESS

HUMAN & ROBOTIC
EXPLORATION OPERATIONS TECHNOLOGY

CONNECTIVITY &
SECURE

COMMUNICATIONS SPACE SAFETY



Start of a New Era: Feeling the Pulse of our Planet



300 TB
satellite data 

distributed per day

full, free & open
data policy

Copernicus Sentinels: Operational Monitoring



Floods
Satellite see through clouds and darkness to map floodwater and 

predict future flood patterns
Cambodia, Sentinel 2

Cambodia



Drought
Satellite measures soil moisture and crop stress and can provide early 

warnings



Sentinel-3 LST

Surface Urban Heat Island Intensity, Sargodha, Pakistan, July 2021

Heat
Satellite tracks surface temperatures 
to show if extreme heat is becoming 

more frequent or intense



Geohazards
Satellite uses precision sensors to detect tiny movements in the earth, 

signaling landslide or sinking risks.



WSF Tracker

Juba [SSD]

Demand
Population

Urban Expansion
Economic Activity

Predictive Urban Growth



Clean Energy: Resource Assessment

Mean Equivalent 
Neutral Wind

10 m height
4               10 m/s

Biomass 
Potential

Solar Irradiance

Snow Water Equivalent

Example: EO feeding into:



Marine Wind Hydro Solar Biomass Storage Electrification

Wave/current/tide resource data n n

Offshore wind speed and direction resource data n n

Snow cover extent n n

General land cover type and change n n n n n

Digital Elevation Models n n n n n

Soil moisture, precipitation n n

Infrastructure and ground stability indicators (displacement rates, etc.) n n n

River and lake parameters n

Solar irradiance n

Land surface temperature n n

Atmospheric composition (aerosols) n

NRT parameters as input to mesoscale modelling/forecasting n n n n n

Basic mapping (proxies of electricity demand) n

• Main data sources:
§ ESA/Copernicus missions (30 years)
§ National missions in Europe/Canada, including smallsats
§ Meteorological satellites (1981 onwards)

Earth Observation Products for Renewable Energy



Earth observation and Project cycle

• Designing
• Implementing
• Monitoring
• Evaluating the project impact
• Planning ahead

Earth observation and Geospatial Information used at all 
project cycle phase



Use Case: Updating the National Wind Atlas Armenia

• TA-6959 ARM: Viability 
Assessment for Potential 
Wind Power Electricity 
Generation Projects:

• Feasibility study
• Existing data is not 

always suitable (e.g. 
mismatch in hub-
height)

• Good scalability

Exis4ng layers (globalwindatlas.info) and other 
informa4on

Elevation Land Cover

Vegetation heightSlope

Existing information Complementary EO-based information

§ Improved simulated 
average horizontal wind 
speed for standard heights

§ Power density for standard 
heights

§ Selection and ranking of 
sites based on available 
infrastructure (grid, access 
routes), no-go areas and 
wind potential



Use Case: RooGop Solar PotenHal, Armenia

Solar potential

Cloud cover statistics Building/rooftop extraction

Rooftop solar potential

Different scale: National, regional and local



Use Case: Energy Demand Assessment (Mini-Grids),
Papua New Guinea

• ADB: Power Sector 
Development Investment 
Program (47356-001) & 
Development Project (47356-
002)

• Setting: Six provincial diesel mini-
grids to be replaced/extended by 
hydro/photovoltaic

• Key question: Where can existing 
mini-grids be extended for 
maximum impact, i.e. connecting 
additional households?

• Based on demand assessment
Various EO-based layers

Planned extension (MV) 

Existing grid (MV)

building detection



Use Case: Energy Network exposed to Flooding, Bangladesh 

Various EO-based layers



Future Development: Solar forecasting with Earth observation

Credit: Professor Pierre Pinson - Inaugural Lecture at Imperial College London

Resolution:
10 min – 1 
km

Resolution:
1 min – 50 

m

Finer temporal and spatial resolution.
Improved Solar Energy forecasting



Future developments: SolarBench

Dataset from Hong Kong 
University. 
Asia Pacific  users will be 
able apply the resulting 
models to forecast the 
energy production from 
local solar assets and 
share their own data for 
improving forecast.



Digital Twin for Energy

https://destination-earth.eu/use-cases/?_topic=energy
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Yves BARTHELEMY
Digital Technology Specialist
Asian Development Bank

In cooperation with
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Asian Development Bank

In cooperation with
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