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EXECUTIVE SUMMARY

Chile is at a pivotal stage in developing its offshore wind sector. While the establishment of an
offshore wind energy scenario assessment represents an important step toward unlocking its
potential, effective grid integration remains a critical challenge. Chile’s long, narrow geography
makes it challenging to transport electricity from resource-rich regions to central demand centres.
Additionally, onshore transmission expansion is likely to be delayed by permitting, environmental
constraints, and potential local opposition. As a result, integrating offshore wind presents both a
technical and strategic challenge, requiring significant investment in transmission solutions to
efficiently connect remote offshore resources while minimising constraints on the existing network.

To share learnings from the UK’s offshore wind experience, ORE Catapult has been commissioned by
the UK’s Department for Business and Trade. This programme draws on UK expertise to assess key
challenges facing offshore wind development in emerging markets and to identify potential
solutions.

Within this context, this report assesses whether offshore HVDC infrastructure can provide a cost-
effective alternative to onshore grid expansion in Chile. The analysis concludes that, although
offshore transmission is likely to have higher upfront costs, it can become economically justified
where delays in onshore infrastructure lead to significant system inefficiencies and increased reliance
on thermal generation.

Three offshore wind deployment scenarios to 2050, Low (3GW), Base (21GW), and High (30GW),
were analysed in the report. Future electricity demand was also modelled under three pathways:
Base Demand 2%, Carbon Neutrality, and Accelerated Transition, with each aligned to the respective
offshore wind scenarios. Whole system energy modelling, conducted by the Instituto de Sistemas
Complejos de Ingenieria of the University of Chile (ISCl), evaluated generation, transmission, and
storage requirements, to determine the optimal system configuration for offshore wind integration.

The analysis shows that offshore wind can improve system efficiency, reduce emissions and lower
requirements for solar, onshore wind, and storage capacity, although additional transmission
investment is needed. However, delays in the addition of new onshore transmission can result in
substantial system cost overruns, up to $8.8bn in high demand scenarios. In this context, offshore
HVDC infrastructure becomes economically viable after approximately three years under high
demand conditions.

The findings highlight the importance of coordinated generation and transmission planning for
offshore wind deployment. In addition, the analysis concludes that offshore HVDC transmission
provides a credible solution to alleviate onshore grid constraints.

Drawing on the findings of this report, a set of strategic recommendations has been identified to
facilitate the integration of offshore wind in Chile. While Chile already has a centrally coordinated
approach to grid planning through its national transmission planning process, there remains limited
coordination across other key aspects of delivery, including permitting, spatial planning, and
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infrastructure rollout. This lack of coordination between planning and delivery is contributing to
delays in transmission development and project implementation. Addressing this gap will be
essential to ensure that system-level planning is effectively translated into timely delivery on the
ground. These recommendations therefore address planning processes, transmission development,
and regulatory frameworks to support efficient and coordinated system expansion. Specifically, they

include:

» Incorporate offshore transmission options into national planning processes, ensuring they
are assessed alongside onshore alternatives in a whole-system context

> Prioritise corridors at risk of delay for potential offshore solutions

» Undertake further detailed feasibility studies on offshore HVDC deployment to assess
technical, environmental, and cost implications at scale

» Align future regulatory and planning frameworks to enable coordinated offshore wind
deployment

Implementing these recommendations will be critical to unlocking Chile’s offshore wind potential
while ensuring a more coordinated, resilient, and cost-effective electricity system.
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1 INTRODUCTION

Chile’s offshore wind (OSW) sector is entering an important phase with the development of an
offshore wind scenario assessment, which aims to guide deployment between 2035 and 2050. With
the potential to reach up to 30GW of installed capacity by 2050, offshore wind is poised to become a
central component of Chile’s future energy mix. Its integration could play a key role in supporting
decarbonisation targets, enhancing energy security, and meeting growing electricity demand.

This report draws on UK expertise to examine key factors affecting offshore wind development
across different markets, with a specific focus on Chile and the challenge of transmission system
integration.

Offshore wind in Chile holds significant potential, underpinned by strong wind resources, and long-
term clean energy ambitions. Initial geospatial studies indicate the greatest OSW potential lies in
central and southern regions. In particular, the Biobio region has attracted significant developer
interest due to its proximity to strong OSW resources, existing port infrastructure and key demand
centres. Given high wind speeds and favourable seabed depths, floating offshore wind (FOW) is
expected to be the predominant technology, while fixed-bottom opportunities are more limited.
Overall, OSW development could deliver a range of economic, social, and environmental benefits to
Chile, including enhanced energy security and regional economic growth.

However, Chile’s long and narrow geography presents a key challenge for integrating offshore wind.
Renewable resources are concentrated in the north and south, while the main demand centre is
located centrally in Santiago. Efforts to reinforce the existing grid are frequently delayed by local
opposition, environmental permitting constraints, and planning complexities. In this context,
offshore HVDC bootstraps could provide an alternative approach to reinforce the transmission
network while enabling OSW to connect at strategically beneficial locations.

Experience from mature markets, such as the UK, offers a valuable benchmark for Chile. With
abundant OSW resources in northern Scotland, the UK has faced similar challenges in transmitting
electricity to major demand centres in the south of England. To address these constraints, the UK has
conducted coordinated, strategic transmission planning, with the aim of developing the network as
an integrated system rather than relying on the project-by-project reinforcement approach used
previously. This includes the development of shared offshore infrastructure and high-voltage direct
current (HVDC) links designed to transfer large volumes of renewable generation from northern
Scotland to southern demand centres.

In Chile, transmission has long been centrally planned, meaning any reinforcement or new
development must be approved by the National Energy Commission (CNE), which defines projects
through the Transmission Expansion Plan. These developments are typically recommended by the
system operator, Coordinador Eléctrico Nacional (CEN).
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Despite this centralised planning, project development risks remain largely with developers. They are
responsible for securing land access rights, obtaining necessary planning permits, and securing a grid
connection. In addition, while the transmission system is centrally planned, it remains relatively
sector-specific and does not yet take a broader multi-sector approach, for example by integrating
marine spatial planning considerations. This allocation of risk is a key factor behind delays in
delivering new transmission infrastructure and highlights the potential value of alternative
approaches to network expansion that reduce reliance on developer-led delivery of critical
infrastructure.

Building on this context, ORE Catapult, in collaboration with the Instituto de Sistemas Complejos de
Ingenieria of the University of Chile (ISCI), has conducted a techno-economic assessment of
implementing HVDC bootstraps in Chile. The study evaluates the optimal energy mix, across
generation, transmission and storage, to support OSW integration under different deployment
scenarios. It also assesses the impacts of delays in onshore transmission, quantifying the system and
economic benefits of offshore transmission solutions. The analysis provides insights into the
potential social value and regional economic benefits of such an approach, drawing on lessons from
the UK’s experience integrating offshore wind.

ORE Catapult Public 2
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2 UK TRANSMISSION NETWORK REFORM

To support the expansion of offshore wind, the UK has undertaken a series of strategic planning
reforms aimed at upgrading its electricity transmission network and accommodating increasing
volumes of offshore generation. This includes 16GW of operational capacity and 75GW in the wider
pipeline to 2050.! The reforms have involved moving away from a purely decentralised, developer-
led approach toward a more coordinated transmission planning framework. Under this approach,
future offshore wind deployment is assessed alongside existing network constraints to identify where
strategic network reinforcements, transmission corridors, and connection points will be required.

This transition has focused on developing shared offshore transmission corridors and optimised
onshore landing points to minimise duplication of infrastructure and reduce environmental and
community impacts. At the same time, key onshore transmission nodes have been proactively
reinforced to ensure sufficient capacity is available ahead of offshore wind deployment. These
measures are underpinned by a whole-system, long-term planning approach that considers network
scalability, cost efficiency, and operational resilience. The UK has also incorporated long term
offshore wind deployment targets into network investment decisions, enabling transmission
infrastructure to be developed ahead of project commissioning timelines.

These actions have been supported by a series of coordinated programmes:

e Offshore Transmission Network Review (OTNR, 2020): The OTNR signified the recognition that
continuing to connect each wind farm through individual radial connections would lead to
increased seabed disruption, more onshore landing points, higher infrastructure costs and
planning delays. It brought together developers, transmission owners, regulators, system
planners, and government to develop a more coordinated, strategic approach to offshore wind
connections.?

e Holistic Network Design (HND, 2022): Introduced under the OTNR’s Pathway to 2030
framework, the HND defined the infrastructure required to connect 23 GW of offshore wind by
2030. The plan represented an investment of £54bn in UK network infrastructure. Instead of
separate export links, it set out plans to reduce the number of onshore landing points, resulting
in a reduction in seabed cable footprint of 30%, and a saving of £4-5.5bn when compared to
radial connections.?

e Detailed Network Design: The strategic blueprint of the HND was subsequently translated into a
constructible and deliverable plan through the Detailed Network Design.*

e Centralised Strategic Network Plan (CSNP): The UK is now transitioning toward this framework
within GB’s electricity sector to coordinate long term transmission planning. Developed by the

1 RenewableUK (2026) EnergyPulse Database
2 UK Government (2020) Offshore transmission network review. Available at: Offshore transmission network review - GOV.UK
3 NESO (2022) Holistic Network Design. Available at: download

4 NESO (2023) Offshore Coordination Programme — Detailed Network Design. Available at: Offshore Coordination | National Energy System
Operator
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National Energy System Operator (NESO), it aims to provide a whole-system, long-term approach
to planning electricity, natural gas, and hydrogen transmission networks across the UK.

e Strategic Spatial Energy Plan (SSEP): Complementary to the CSNP, the SSEP is a UK-wide
planning framework being developed to identify the most suitable locations for future energy
infrastructure, including energy generation, storage, and hydrogen. It aims to support a more
coordinated and cost-effective energy transition by aligning infrastructure development with
long-term system needs.

Collectively, these actions represent a shift toward centralised, strategic transmission planning,
designed to reduce grid congestion, improve system efficiency, minimise environmental impacts, and
lower the overall cost of integrating large-scale offshore wind into the national grid.

However, despite these coordinated planning reforms, OSW projects located in northern Scotland
continue to face relatively high transmission charges under the Transmission Network Use of System
(TNUOoS) regime. These locational charges reflect the cost of transporting electricity from remote,
high-resource regions to major demand centres in the south of England. As a result, they can
materially impact project economics and investment decisions, even where strategic transmission
investment is being undertaken. Further reforms are being considered to address these locational
charging signals as part of ongoing efforts to align transmission investment and network pricing with
the UK’s long-term OSW deployment strategy.®

5 NESO (2026) Centralised Strategic Network Plan (CSNP). Available at: Centralised Strategic Network Plan (CSNP) | National Energy System
Operator

6 Reforms include Ofgem’s Review of TNUoS Charging and the UK Government’s ongoing Review of Market Arrangements (REMA)
programme.
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3 OFFSHORE WIND PROJECTIONS FOR CHILE

As part of ongoing efforts to develop a national offshore wind strategy, deployment scenarios have
been defined, as outlined in Figure 1. These scenarios represent different pathways for scaling
offshore wind in line with evolving policy, infrastructure, and market conditions. The Low, Base and
High scenarios reach cumulative OSW capacities of 3GW, 21GW and 30GW by 2050, respectively.

The low growth (3GW) scenario anticipates limited development of OSW in Chile, with the first
project installed in 2035. Deployment is primarily focused on low cost fixed-bottom sites with a clear
route to market. Improvements to ports and grid infrastructure will be minimal. Some job creation is
expected, but primarily focused on development, and operations and maintenance.

The medium or base case (21GW) scenario assumes moderate deployment of both fixed-bottom and
floating OSW projects, incorporating green hydrogen from 2040 onwards. This scenario aligns with
Chile’s climate goals, as outlined in Section 4. To facilitate this level of deployment, investment in the
electricity grid and ports is required, in addition to policy designed to support a more streamlined
permitting process and upskilling the workforce.

The high growth (30GW) scenario assumes Chile becomes a regional leader in OSW development,
exceeding renewable energy targets and becoming an exporter of green hydrogen. In this case, much
of the supply chain has been localised, helping to lower the cost of OSW energy and create jobs in
coastal communities. Chile’s leadership in FOW creates additional export opportunities and growth
in research and development. This level of deployment will require rapid changes, primarily public
and private investment in infrastructure, and the creation of clusters for hydrogen supply chains and
production.
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Figure 1: Chile OSW projections 2035-2050
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The three OSW deployment scenarios are aligned with electricity demand projections developed by
the University of Chile, which include: Base Demand 2%, Carbon Neutrality (CN), and Accelerated
Transition (TA). The Base Demand 2% scenario assumes annual electricity demand growth of 2%,
whereas the CN and TA scenarios are based on projections from the Long-Term Energy Planning
(PELP) 2023-2027 report.” Accordingly, the Low OSW forecast aligns with the Base Demand 2%
scenario, the Base OSW forecast with CN, and the High OSW forecast with TA. The scenarios are
outlined in Figure 2.

400
350
300
250

200

150

Electricity (TWh)
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e Base Demand 2% e Carbon Neutrality = === Accelerated Transition

Figure 2: Electricity demand scenarios Source: PELP 2023-2027 report

Beyond differences in total electricity consumption, the demand scenarios imply structural changes
in Chile’s power system. While the Base Demand 2% scenario reflects gradual electrification and
stable economic growth, the Carbon Neutrality and Accelerated Transition scenarios assume large-
scale electrification of transport, industry and mining, as well as the emergence of green hydrogen
production as a major electricity consumer. As a result, electricity demand growth in these scenarios
is not only higher in volume but also more concentrated in coastal and industrial regions, with
implications for transmission expansion, system flexibility and long-term infrastructure planning.

7 Minsterio de Energia (2025) Planificacion Energética de Largo Plazo. Available online: definitive report pelp 2023-2027.pdf
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4 OPTIMAL ENERGY MIX

Chile’s energy mix has steadily shifted toward cleaner sources in recent years. In 2025, variable
renewables, such as solar and wind, accounted for nearly 38% of total generation. When combined
with other renewable sources, such as hydropower, renewables supplied almost two thirds of Chile’s
total electricity demand. Although fossil fuels such as natural gas and coal still contribute to the mix,
their share has declined substantially as renewable capacity has expanded, reflecting Chile’s broader
strategy to increase renewable penetration and reduce carbon intensity.?

Chile has set a target to achieve 80% renewable energy generation by 2030, in addition to phasing
out coal production by 2040, and becoming carbon neutral by 2050. Despite these commitments and
promising progress, Chile remains vulnerable to climate-related challenges such as drought and
water scarcity, in addition to reliance on imported gas. Alleviating these concerns while meeting
increasing energy demand will require Chile to diversify its energy mix. Offshore wind represents a
particularly promising option to do this.’

Whole system energy modelling, conducted by the University of Chile, was used to assess future grid
development and the role of OSW within the broader energy mix. This included evaluating
generation, transmission, and storage requirements, with the aim of identifying the optimal system
configuration to support predetermined levels of OSW integration by 2050. These integration levels
align with those outlined in Figure 1.

Total installed capacity is lower when OSW is incorporated into the energy mix, particularly in the CN
and TA scenarios, as highlighted in Figure 3. This can be attributed to the higher capacity factor of
OSW in the Biobio region compared to both onshore wind and the mix between solar and batteries.

8 Strategic Energy (2026) Chile sets new solar and wind power record in 2025 electricity mix. Available online: Chile sets new
solar and wind power record in 2025 electricity mix - Strategic Energy Europe

9 DNV (2026) DNV supports Grenergy in securing financing for major solar and battery storage portfolio, accelerating Chile’s
energy transition. Available at: DNV supports Grenergy in securing financing for major solar and battery storage portfolio
accelerating Chile's energy transition
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Figure 3: Installed capacity and storage mix with and without OSW Source: ISCI-University of Chile

While demand is the same, when incorporating OSW into the mix, energy generation decreases
minimally. This can be attributed to the lower cycling of batteries associated with solar production.
Compared to OSW, batteries are assumed to be more inefficient. The energy generation mix both
with and without OSW is outlined in Figure 4.
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Figure 4: Generation mix with and without OSW Source: ISCI-University of Chile

The analysis considered the expansion of the onshore transmission system based on demand and
generation in each zone. The capacity of the system, both with and without OSW, is outlined in
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Figure 5. In both the CN and TA scenarios, the incorporation of OSW into the energy mix requires
significant additions to corridors L6 and L7 between Polpaico — Ancoa, and Ancoa — Nueva Charrua,
reflecting the transmission areas where new OSW is integrated. In some corridors, such as L4 which
connects northern and central regions, the graph shows a reduction in transmission capacity over
time. This does not represent a physical reduction in existing infrastructure, but rather a reduced
requirement for future transmission reinforcement due to changes in generation location when OSW
is introduced.

The transmission capacity mix is largely unchanged with the addition of OSW in the Base Demand 2%

scenario.
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Figure 5: Transmission capacity mix with and without OSW Source: ISCI- University of Chile

The integration of offshore wind can displace a combination of some solar energy, battery storage,
and onshore wind. In higher demand scenarios, its deployment also lowers the total installed
capacity required to meet demand, as illustrated in Figure 3. This is primarily due to the higher
capacity factor of offshore wind compared to other renewable technologies.

In addition, deploying OSW leads to lower transmission investment requirements between the
northern and central zones. However, as Figure 5 presents, moderate to high levels of OSW in both
the CN and TA scenarios necessitates significant new transmission investment between the central
and southern zones. While this increases overall expenditure, it also creates opportunities to
enhance system flexibility and alleviate existing network constraints.
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5 OFFSHORE WIND INTEGRATION

5.1 Delayed Additional Onshore Transmission Capacity

The second iteration of modelling quantified the economic impact of a five-year delay to new
onshore transmission infrastructure on both the Nueva Charrua — Ancoa and Ancoa — Alta Jahuel
lines. These lines are critical for transporting electricity from OSW projects off the Biobio region coast
to central demand centres. Figure 3 outlines a model of the transmission network consisting of nine
zones, alighed with the topology presented in the PELP 2023-2027 report.'° Delays in the onshore
network between Zones 6 and 7 are highlighted.

To alleviate these delays, OSW could be integrated via offshore HVDC transmission infrastructure.
This would likely involve radial AC export connections from individual offshore wind farms to onshore
substations in the Biobio region. From there, power could be transmitted towards demand centres in
central Chile via offshore HVDC links operating as north-south transmission bootstraps. This
approach would be similar to the offshore network being developed to integrate ScotWind capacity
in the UK. The offshore HVDC infrastructure would cover a distance of approximately 500km.

While multi-terminal offshore HVDC systems could offer a more cost-effective solution than radial
links for integrating multiple projects at scale, their deployment would require a higher degree of
coordination and system planning. As such, this analysis assumes only radial connections between
offshore wind farms and the onshore grid, reflecting the early stage of market development and the
lower complexity of such configurations, while maintaining the benefits of an HVDC link.

Figure 6 also highlights the planned 3GW onshore HVDC transmission link between Kimal and Lo
Aguirre. This line is intended to transport renewable energy generated in the north, particularly solar
PV and onshore wind, to the Metropolitan region in Santiago. The project has followed a multi-stage
planning process, with the project first identified in Chile’s Transmission Expansion Plan in 2018. The
formal tendering process and feasibility studies began in 2021, followed by a detailed environmental
assessment. The Environmental Qualification Resolution (RCA) granting key regulatory approval was
issued in November 2025. The total planning and approval process spanned approximately 6-7 years
from initial identification to final consent. This timeline reflects the need to manage land acquisition,

local stakeholder consultations, and environmental compliance for onshore transmission.'>*3

Several offshore subsea HVDC projects illustrate the typical development timelines for this
technology. For example, the UK Eastern Green Link 2 project initiated surveys and pre-application
consultation in 2020-2021, submitted formal planning applications in 2022, before receiving key

10 Minsterio de Energia (2025) Planificacion Energética de Largo Plazo. Available online: definitive_report pelp 2023-2027.pdf
1 NESO (2024) Beyond 2030. Available at: download

2 Cigre (2022) The Kimal Lo Aguirre HVDC project: Chile’s decarbonization transmission line. Available online: The Kimal Lo Aguirre HVDC
project: Chile’s decarbonization transmission line | ELECTRA

13 Conexion Energia (2025) SEA approves Kimal-Lo Aguirre transmission line: Start of operations projected for 2029. Available online at:
SEA approves Kimal-Lo Aguirre transmission line: Start of operations projected for 2029 - Conexidn Energia
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consents by 2023. Construction commenced in 2024 with completion expected by 2028-2029.%

Similarly, the NordLink interconnector between Germany and Norway began construction in 2016

and entered operation in 2020-2021, following an extended development phase.’ These examples

demonstrate that, similar to onshore infrastructure, offshore HVDC projects typically require several

years for planning, permitting, and delivery. The analysis has therefore assumed that the planned

development timelines for onshore and offshore HVDC transmission are broadly similar.

In terms of development timelines, onshore transmission projects are generally more vulnerable to

delays arising from land acquisition, permitting, and public opposition. In contrast, offshore HVDC

infrastructure can reduce exposure to these particular constraints, potentially mitigating some

sources of delay. However, offshore projects are subject to their own permitting, environmental, and

coordination challenges.®
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The modelled onshore transmission delays are outlined in Table 1. These highlight the additional
capacity within transmission corridors that is expected to enter service five years later than originally

planned, under energy mix scenarios that include OSW. For instance, in the CN scenario, the

1,288MW of new onshore transmission capacity planned for corridor L6 in 2040 is project to become

operational in 2045 instead.

14 Eastern Green Link 2 (2026) Project to date. Available at: Project to date | EGL2
15 Hitachi Energy (2021) NordLink. Available at: NordLink | Hitachi Energy

16 pny (2022) Everything you wanted to know about onshore and offshore transmission grid planning and did ask. Available at: Everything
you wanted to know about onshore and offshore transmission grid planning and did ask

ORE Catapult

Public

PNOO0864-RPT-OR2-CL-6 — Rev 4

11


https://www.easterngreenlink2.co.uk/project-to-date
https://www.hitachienergy.com/news-and-events/customer-stories/nordlink
https://www.dnv.com/article/everything-you-wanted-to-know-about-onshore-and-offshore-transmission-grid-planning-and-did-ask-226125/
https://www.dnv.com/article/everything-you-wanted-to-know-about-onshore-and-offshore-transmission-grid-planning-and-did-ask-226125/

HVDC Bootstraps for Grid Reinforcement and Offshore Wind Integration 24-Aug-2026

Table 1: Additional delayed transmission capacity (MW) Source: ISCI - University of Chile

Delayed transmission capacity (MW)

Scenario Corridor 2040 2045 2050
L6: Polpaico — Ancoa - - -
Base Demand 2% -
L7: Ancoa — Nueva Charrua - - 163
. L6: Polpaico — Ancoa 1,288 3,394 1,365
Carbon Neutrality -
L7: Ancoa — Nueva Charrua 1,722 4,028 1,403
" L6: Polpaico — Ancoa 2,779 3,321 2,451
Accelerated Transition -
L7: Ancoa — Nueva Charrua 3,669 3,493 2,516

In the case of onshore transmission delays, congestion management will be required, making
operation more expensive. Energy demand will still be met, but at a higher cost as more thermal
generation must be dispatched, while offshore wind capacity is curtailed. The additional cost
incurred due to onshore delays is assumed to be equivalent to the economic benefit of bringing
forward transmission capacity by the same amount of time as the delay (five years). In the model,
this is represented by assuming that offshore transmission exists to deliver the generation on
schedule, serving as an alternative to delays caused by onshore transmission constraints.

While the capital cost of constructing new offshore transmission is likely higher than that of onshore
transmission, its value lies primarily in the system benefits it provides by alleviating delays and
congestion in the onshore network. For offshore transmission to be economically viable, the cost of
developing this infrastructure must be lower than the additional system costs incurred when
operating the onshore transmission system under delay conditions.

5.2 Offshore HVDC Transmission Case Studies

The analysis considers case studies from the UK, Germany, and the Netherlands to inform technical
assumptions and estimate indicative costs for offshore HVDC transmission infrastructure. These
examples demonstrate different approaches to offshore wind transmission, including offshore wind
grid connections, coordinated offshore grid planning, and long-distance subsea HVDC transmission
corridors.

The Eastern Green Link 2 is a proposed 2GW +525kV HVDC transmission link connecting Scotland and
England. The link will require 436km of subsea cable and will be connected at either end by onshore
converter stations. The project is expected to become operational by 2029, with capital costs
estimated at approximately £2.7bn, covering the HVDC cable, subsea installation, and converter
stations. This project provides a useful benchmark for long-distance subsea HVDC transmission used
to transport large volumes of renewable generation between regions. Y’

v Ofgem (2024) Eastern Green Link 2 — Project Assessment. Available online: Eastern Green Link 2 — Project Assessment
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Germany has developed extensive offshore HVDC transmission infrastructure to connect offshore
wind farms in the North Sea to the onshore electricity grid. These connections typically use VSC
HVDC technology with capacities of around 800-900MW and operate at approximately +320kV.
Projects such as BorWin2 and HelWin2 transmit power from offshore converter platforms to onshore
substations, enabling electricity generated far offshore to be efficiently delivered to the mainland
grid. Germany’s offshore grid connections have largely been developed incrementally, with multiple
HVDC links added over time as offshore wind capacity has expanded.®*°

The Netherlands provides another example of coordinated offshore transmission planning. Projects
such as IJmuiden Ver Beta HVDC are being developed with standardised 2GW HVDC connections
operating at £525kV, enabling large offshore wind clusters to connect efficiently to the onshore
network. This approach demonstrates how coordinated grid development can support large-scale
offshore wind deployment while minimising duplication of infrastructure.®

Long-distance subsea HVDC interconnectors also provide useful technical benchmarks. Projects such
as North Sea Link and Viking Link demonstrate the technical feasibility of high-capacity HVDC
transmission over distances exceeding 700km using ~+525kV VSC technology.?%??

Together, these case studies provide practical benchmarks for the technical configuration, scale, and
cost range of offshore HVDC infrastructure considered in this analysis.

5.3  Transmission System Operating Costs

Transmission system operating costs have been calculated by multiplying the variable cost of each
generation technology by its production. The cost inputs are based on the thermal generation
technologies, coal, diesel, and gas, which largely determine the system’s operating costs. The analysis
has relied on prices observed from Chile’s system operator Coordinador Eléctrico Nacional (CEN),
which were projected using the National Energy Commission (CNE) price indexers. They are as
follows:

e Coal: 187.9 USD/ton
e Diesel: 838.1 USD/m?3
e Gas: 10.4 USD/MMbtu

18 Offshore Energy (2014) Siemens Wraps Up Installation of BorWin2. Available at: Siemens Wraps Up Installation of BorWin2 - Offshore
Energy

9 Prysmian (2015) Successful commissioning of HelWin2 HVDC grid connection. Available at: Successful commissioning of HelWin2 HVDC
grid connection | Prysmian

20 Tennet (2025) TenneT and GE Vernova Seatrium consortium celebrate IJmuiden Ver Beta strike steel. Available at:TenneT and GE
Vernova Seatrium consortium celebrate IJmuiden Ver Beta strike steel

21 Siemens (2019) Siemens wins order for first HVDC link between Great Britain and Denmark. Available at: Siemens wins order for first
HVDC link between Great Britain and Denmark | Press | Company | Siemens

22 Hitachi Energy (2022) North Sea Link. Available at: North Sea Link | Hitachi Energy
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Considering the three energy demand scenarios, both with and without onshore transmission delays,
the system operating costs are outlined in Figure 7, Figure 8 and Figure 9.

5.3.1 Base Demand 2% Scenario

In the Base Demand 2% scenario, operating costs are not impacted until 2050 when a delay in new
onshore transmission arises. At that point, an additional cost of $3.44m is required for grid
management. This indicates that, under low electricity demand growth and offshore wind
deployment, the existing transmission network is sufficient to meet system needs in the near term.
The timing of additional infrastructure only begins to influence costs once the system reaches higher
utilisation levels. This is highlighted in Figure 7.
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Figure 7: Base Demand 2% operating costs Source: ISCI - University of Chile

5.3.2 Carbon Neutrality Scenario

The Carbon Neutrality scenario differs, with the delay in onshore transmission resulting in significant
operating cost increases from 2040 onwards (Figure 8). An additional operating cost of $233.25m is
required in 2040 before reaching a peak of $980.22m in 2045. The increase in operating costs is
attributed to congestion management, where the system will rely on more expensive or less efficient
generation resources to manage congestion and maintain reliability. OSW is available but generation
is curtailed as the transmission line is saturated. This excess is outlined in Table 1.
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Figure 8: Carbon Neutrality operating costs Source: ISCI - University of Chile

Figure 9 outlines this additional generation resulting from delayed onshore transmission, highlighting
both the technologies deployed and the transmission zones in which they occur. The increases in
generation are closely associated with the peaks in operating costs, particularly in 2045, when
substantial gas-fired generation is dispatched to manage transmission constraints. This highlights

how delays in transmission infrastructure not only shift the mix of generation but also drive higher
operational costs.
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Figure 9: Carbon Neutrality additional generation due to delay Source: ISCI - University of Chile
ORE Catapult Public 15

PNOO0864-RPT-OR2-CL-6 — Rev 4



HVDC Bootstraps for Grid Reinforcement and Offshore Wind Integration 24-Aug-2026

5.3.3 Accelerated Transition Scenario

Onshore transmission delays under the Accelerated Transition scenario lead to substantial operating
cost increases from 2040 onwards. Managing transmission congestion is projected to require an
additional $1,144m in 2040, with a further $977m and $365m anticipated in 2045 and 2050
respectively. This is presented in Figure 10.
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Figure 10: Accelerated Transition operating costs Source: ISCI - University of Chile

Figure 11 highlights the additional generation required to mitigate the impact of onshore
transmission delays in corridors 6 and 7. Similar to the CN scenario, the increases in generation are
closely associated with the peaks in operating costs, specifically in 2040. A combination of gas and
diesel are generated to manage onshore transmission constraints.
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Figure 11: Accelerated Transition added generation due to delay Source: ISCI - University of Chile
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5.3.4 Total System Operating Costs

The net present value (NPV) of the additional system operating costs was calculated to quantify the
economic impact of delays in onshore transmission development. NPV allows the costs associated
with multi-year delays to be expressed in present-day terms by discounting future costs back to the
year in which the first transmission delay occurs. A discount rate of 7% was applied, which was
informed from the PELP 2023-2027 report.? Figure 12 outlines the NPV by year of delay across each
scenario.
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Figure 12: NPV of additional operating costs due to delay Source: ISCI - University of Chile

The cost impact of delays in onshore transmission infrastructure depends on both the duration of the
delay and the assumed demand growth scenario. Under the TA scenario, a five-year delay could lead
to approximately $8.8bn in additional costs over a 15-year period, indicating a potentially significant
economic impact. In contrast, under the Base Demand 2% scenario, the cost overruns are much
smaller, reaching a maximum of around $15m even with a five-year delay. This suggests that, in the
lower demand growth scenario, the economic case for constructing offshore transmission
infrastructure is limited. Compared to the CN and TA scenarios, the Base Demand 2% cost overruns
are too small to appear in Figure 12.

The normalised cost metric was calculated by converting the delay-related system costs into an
annual value and dividing by the representative delayed transmission capacity and corridor length,
producing a unit cost in USD/MW-km-year. The costs are evaluated over a 15 year period starting
from the first delay in 2040 under the CN and TA scenarios. A corridor length of 500km is assumed.
The average impact of delays in onshore infrastructure varies by growth scenario and duration of

23 Minsterio de Energia (2025) Planificacion Energética de Largo Plazo. Available online: definitive report pelp 2023-2027.pdf
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delay. With a delay of three years, under the TA scenario, the average impact could exceed
$200/MW-km-year. These costs are highlighted in Figure 13.
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Figure 13: Average annual cost of delay by delay duration Source: ISCI - University of Chile

5.4 Offshore HVDC Infrastructure

The calculation of annual additional system costs resulting from transmission delays, as outlined in
Figure 13, allow the impact of different delay durations to be assessed. By comparing these delay-
induced costs with the capital and operational costs of constructing new offshore HVDC
infrastructure, the analysis estimates the minimum duration of onshore transmission delay required
for offshore infrastructure to become economically justified.

An offshore HVDC transmission link connecting Concepcidn in Biobio to Santiago would most likely
be designed as an embedded point-to-point bipole system, with the purpose of reinforcing the
onshore network. In terms of specifications, the system would likely use Voltage Source Converter
(VSC) technology rated at around +525kV. VSC technology might be chosen in place of Line
Commutated Converter (LCC) technology for offshore wind integration because it provides greater
operational flexibility, including independent control of active and reactive power and the ability to
connect to weaker or variable grids. These characteristics make it well suited for integrating offshore
wind generation and maintaining grid stability.

For long-distance subsea transmission, higher voltages such as £525kV are increasingly used in
modern HVDC projects because they allow large amounts of power to be transmitted efficiently
while minimising electrical losses and reducing the number of cables required. Given the
approximate 500km distance between Concepcion and Santiago, a high-capacity point-to-point
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+525kV VSC HVDC link would therefore represent a technically and economically appropriate
configuration.

Offshore HVDC installations vary widely in size, configuration, and application. In most cases, each
connection is bespoke, designed to meet the specific requirements of the transmission system. As a
result, estimating costs for HVDC components and their installation can be challenging.

This analysis has relied on A Comparison of Electricity Transmission Technologies: Costs and
Characteristics to inform cost estimates. The values presented in the report incorporate inputs from
UK transmission owners, in addition to a wide range of industry stakeholders. Costs are based on real
project data and engineering estimates, to reflect typical technologies, capacities, and route lengths
used in the UK transmission network. For a 2GW VSC HVDC embedded link, the following capital cost
inputs have been observed:

e Converter station: “£342m
e Cable cost: ~“£1.52m/km

The HVDC cable cost value used in this analysis represents the cable system cost per km. This
includes the subsea cable, installation, and typically a short length of onshore cable near the landfall
at one or both ends of the route. Considering a 500km route with two converter stations, the total
build cost is approximately £1,444m per 2GW link.

In addition to the capital cost of constructing offshore HVDC links, there would also be ongoing
operating costs associated with maintenance and transmission losses. These costs accumulate over
the lifetime of the asset and have therefore been included in the analysis. Operating cost estimates
have been derived by interpolating values from 90km, 180km and 275km HVDC link cases presented
in A Comparison of Electricity Transmission Technologies: Costs and Characteristics. The resulting
figures are:

e O&M: ~£599m
e Energy losses: Y£569m

This gives a total lifetime operating cost of approximately £1,168m per 2GW link.

The total lifetime cost of each 2GW link is £2,610m, or £2,610/MW-km, considering the capacity and
distance of each link. Assuming an asset lifetime of 40 years and a GBP/USD exchange rate of 1.30,
the annual impact of constructing and operating a 2GW 500km offshore HVDC bootstrap has been
calculated, giving a value of:

$85/MW-km-year?*

24 Mott MacDonald & IET (2025) A Comparison of Electricity Transmission Technologies: Costs and Characteristics. Available at:
100110238 001-rev-j-electricity-transmission-costs-and-characteristics final-full.pdf
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The estimated cost appears low compared to literature benchmarks, which reflects economies of
scale associated with long-distance, high capacity HVDC links. The annualised offshore HVDC cost is a
levelised metric based on the full 40 year lifetime of the link and is useful for benchmark
comparisons. However, when comparing against the discounted NPV of onshore transmission
delays, as outlined in Figure 12, the offshore alternative should be assessed using its actual
cost profile. This includes the upfront capital expenditure and operating costs over the analysis
period of 15 years from the first delay in 2040.

For simplicity, this analysis assumes that the cost of constructing multiple offshore HVDC links scales
linearly, meaning that each additional link is assumed to cost the same as the first. This provides a
reasonable estimate for the purposes of the analysis, but in reality costs may not scale perfectly
linearly. For example, projects could be slightly cheaper if certain elements such as onshore civil
works, landfall infrastructure, or procurement are shared across multiple links, while costs could also
increase if separate routes or landfalls are required, or if additional grid reinforcement is needed at
the converter stations.

5.5  Techno-Economic Analysis

Based on the delayed transmission capacities shown in Table 1, offshore transmission is assumed to
be constructed to replace the largest single delayed corridor in each scenario. In practice, this would
most likely be delivered using modular VSC HVDC links of around 2GW capacity, which represent a
realistic size for modern subsea transmission systems and allow staged expansion while maintaining
a manageable contingency size.

Under the Base Demand 2% scenario, delayed capacity is minimal, reaching only 162.9MW in 2050,
so the construction of a dedicated offshore HVDC link would likely not be required. In the CN
scenario, one 2GW link would likely be sufficient to accommodate the largest delayed corridor in
2040 (1,721MW). A second 2GW link would then be required by 2045 when the largest delayed
corridor reaches approximately 4GW, bringing the total offshore HVDC capacity to around 4GW. This
installed capacity would also be sufficient to accommodate the lower delayed capacity observed in
2050, meaning no further links would likely be required.

In the TA scenario, larger delays are observed earlier in the modelling period, with the largest
delayed corridor reaching approximately 3.7GW in 2040. This would likely require two 2GW HVDC
links to be constructed by 2040, providing around 4GW of transfer capacity. As the delayed capacity
in subsequent years remains below this level, no additional offshore HVDC links would likely be
required beyond these two connections.

Considering the upfront capital cost of ~$1,880m (£1,444m) required to construct each link, together
with operating costs of around $370m, the total cost of each 2GW link commissioned in 2040 is
approximately $2,250m. Bootstraps added in later years, such as 2045 and 2050, have a lower cost in

ORE Catapult Public 20

PNOO0864-RPT-OR2-CL-6 — Rev 4



HVDC Bootstraps for Grid Reinforcement and Offshore Wind Integration 24-Aug-2026

present value terms, as both capital and operating costs are discounted at 7% over the first 15 years
of operation.

In the Base Demand 2% scenario, the NPV of delay costs (~$15m) is negligible compared to the cost
of offshore HVDC (~$1,120m), indicating that offshore transmission is not economically justified
under low demand growth.

In the Carbon Neutrality scenario, the initial offshore bootstrap commissioned in 2040 becomes
economically justified after around three years of delay. As system requirements increase, a second
link is required in 2045, which is justified after a shorter delay duration of two years. When both links
are considered together, the total cost of offshore transmission is only outweighed by the cost of
delays after approximately five years, as outlined in Figure 14. This indicates that while the initial
offshore HVDC link can be justified relatively early to address emerging constraints, the additional
investment required to deliver the full offshore transmission solution is only economically justified
once delay costs become sufficiently large.

Compared to the TA scenario, the delay impact costs are lower and increase more slowly in the CN
scenario, meaning it takes longer for the avoided cost of delays to outweigh the total investment
required.
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Figure 14: CN scenario offshore HVDC cost vs delay impact cost

In the Accelerated Transition scenario, offshore HVDC becomes economically viable after
approximately three years of delay, as presented in Figure 15. This is driven by the significantly
higher system costs associated with delayed onshore transmission under high electricity demand.
The addition of two 2GW HVDC bootstraps from 2040 is sufficient to accommodate the maximum
delayed capacity of 3.7GW. Beyond this point, delayed capacity falls below this threshold, allowing
the additional transmission capacity to provide wider system benefits. In particular, the excess
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capacity can enhance system flexibility, improve resilience to future delays, and support more
efficient dispatch by reducing congestion across key transmission corridors.
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Figure 15: TA scenario offshore HVDC cost vs delay impact cost
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6 CONCLUSION

This report has assessed the role of offshore HVDC transmission as an alternative means of
integrating offshore wind into Chile’s electricity system. As Chile advances towards its
decarbonisation targets, including coal phase out by 2040 and a net zero electricity system by 2050,
OSW is expected to play an increasingly important role in the future energy mix. However, the ability
to integrate this resource efficiently will depend on timely and coordinated investment in
transmission infrastructure.

The analysis demonstrates that delays in onshore transmission development can result in significant
system costs, driven by congestion and increased reliance on thermal generation. Under high-
demand scenarios, these costs can reach up to $8.8bn, highlighting the need to consider alternative
transmission solutions. In this context, offshore HVDC infrastructure emerges as a credible and, in
some cases, economically justified option. While associated with higher upfront costs, offshore
transmission can deliver system-wide benefits by alleviating congestion, improving system flexibility,
and enabling more efficient dispatch of generation.

The results also underline the importance of whole system planning. Coordinated development of
generation, transmission, and storage is essential to minimise costs and ensure reliable system
operation. Offshore wind can contribute to a more efficient and lower emissions system, reducing
the need for additional solar, onshore wind, and storage capacity, but will require investment in
transmission infrastructure.

The integration of offshore wind at scale will require proactive planning, targeted investment, and an
enabling regulatory framework. Incorporating offshore transmission into national planning
processes, prioritising high risk transmission corridors, and undertaking further feasibility
assessments will be critical next steps. In parallel, aligning policy, regulation, and infrastructure
development will be key to unlocking the full potential of offshore wind in Chile. Overall, this report
highlights that offshore HVDC transmission should be considered not only as an alternative to
onshore expansion, but as a strategic component of Chile’s future power system, supporting a cost-
effective, resilient, and low-carbon energy transition.
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