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  Executive Summary 

Purpose and scope of the study 

The European Space Agency’s (ESA) Connectivity and Secure Communications Directorate 
commissioned London Economics (LE) to assess the economic and societal importance of satellite 
communications (satcom) across all 23 ESA Member States and Cooperating State Canada. The 
study focuses on five selected sectors – Maritime, Aviation, Consumer, Energy, Payments – and uses 
a hypothetical seven-day disruption scenario to quantify the economic and social costs of losing 
access to satcom. 

Satcom is a critical yet often invisible enabler of modern life for government, business, and 
individual users in areas without any or adequate terrestrial coverage. Applications include global 
television broadcasting, broadband in remote areas, connectivity for aviation and maritime 
transport, and emergency response which deliver significant economic and social benefits. As 
satcom capabilities evolve to become cheaper, higher capacity, lower latency, and more consumer 
focused, satcom will become more widespread and therefore more critical for society’s digital 
connect, resilience, and competitiveness. This growing reliance and expanding impact highlight the 
importance of continued investment in satcom, to expand coverage, enhance resilience, and ensure 
that its benefits remain secure and accessible for new and existing users.  

To capture the scale of this dependence, the study applies a hypothetical seven-day disruption 
scenario across the five selected sectors. In this scenario, uplink and downlink transmissions to 
communication satellites are inhibited across all orbits, causing an immediate and global loss of 
satcom services. Recovery is assumed to be instantaneous after the seven-day disruption. The 
analysis is agnostic to the cause of loss, with costs calculated over an average week of the year, 
while other space-based services remain fully operational. The scenario serves as a vehicle to 
highlight satcom’s positive contribution to economies and societies by quantifying the cost of its 
absence.  

The objectives of this study are to evidence satcom’s critical role in sustaining economic activity and 
resilience, and to inform ESA Member State delegates and the ESA Council at Ministerial Level in 
2025. To date, the study has: 

 Mapped satcom use across the five sectors and related use cases; 

 Assessed the degree of dependence on satcom versus terrestrial alternatives; 

 Undertaken 48 stakeholder consultations with satcom end users / customers, satellite 
operators and connectivity providers, national regulators, expert stakeholders, financial 
institutions, and academics; 

 Estimated the economic and social costs of a disruption to satcom services including lost 
revenues, operational delays, environmental costs, and consumer welfare loss, and 

 Considered wider societal impacts, including quantification of the number of households 
and businesses left without service  

The study highlights satcom’s critical role in daily life, emphasising the significant benefits it delivers 
to society and the economy alongside the risks of disruption. 
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Key findings 

 Total monetised impacts from satcom loss across five selected sectors is estimated at 
€10.2bn in our central scenario, with maritime sector accounting for more than 90% of 
losses. Sensitivity analysis suggests that economic impacts could be as high as €20bn.  

 In the event of a seven-day satcom outage, operators could also face large costs from 
paying penalties under Service Level Agreements (SLAs). Based on these service 
commitments, it is estimated that direct costs to European operators would be €54.5m.  

 Losses are expected to increase in the medium term as the penetration of satellite 
communication increases with new technology developments (e.g. Direct-to-Device 
applications). 

 Satcom is essential for digital inclusion, ensuring remote households without terrestrial 
infrastructure are not cut off. 

 Satcom enables shorter maritime and aviation routes, offering operational savings, lower 
emissions, and increased carbon savings. 

 Overall monetised impacts are expected to be higher, as several major satcom sectors 
(e.g. media, government, defence) were outside the scope of this study. 

Future research should explore country-specific impacts, additional and emerging use cases, and 
evolving dependencies to better inform resilience planning, investment decisions, and policy 
development. 

Study limitations 

The findings are subject to the following high-level caveats and limitations:  

 The study is limited to five selected sectors. Sectors with known use of satcom such as 
government, media, and automotive are not considered in this report. The overall impact 
of loss is expected to be higher than what is estimated in this report; 

 The study is constrained by the availability and accuracy of published information, and 
user/expert knowledge and assessment of risks. Estimates may contain an optimism bias; 

 The report is agnostic to the actual source of the considered disruption; 

 The disruption to satellite communication is considered a standalone event, therefore does 
not include impact other space-based services such as GNSS, and Earth Observation; 

 Analysis reflects satellite use in Europe and Canada today. Impact of loss may increase in 
future because of new use cases and increased dependency (e.g. Direct-to-Device); 

 Monetised impacts do not account for financial transfers within Member States (e.g. 
penalties paid by one ESA Member State entity to another). Such transfers do not generate 
Gross Value Added (GVA) impacts and therefore can result in monetised estimates 
appearing lower than expected, even when large payments are involved (e.g. 
compensation to aviation passengers).



1 | Introduction 

 

 

London Economics - The economic impact of a loss of satcom  1 
 

1 Introduction 

1.1 Purpose and motivation of the study 

The European Space Agency’s (ESA) Connectivity and Secure Communication’s Directorate has 
commissioned London Economics (LE) to undertake this study in recognition of the critical role that 
satellite communications (satcom) play across the economies and societies of ESA Member States 
(MS) and Canada. This study examines the positive social and economic impact that satcom has on 
a daily basis by assessing the potential impact of losing access to this capability. The study focuses 
on the role of satcom in five priority sectors: Maritime, Aviation, Consumer, Energy, Payments. It 
identifies where satcom is used in these sectors, whether as a primary solution, an alternative, or a 
backup to terrestrial networks, and assesses the resulting dependencies across various use cases. 
This assessment provides the basis for estimating the economic and social costs if satcom services 
were disrupted. The study is framed around the following core question: 

What would happen if satcom were not available temporarily? 

This question was posed as a hypothetical scenario to illustrate the value of satcom by estimating 
the potential consequences of a seven-day disruption. This study does not seek to suggest that such 
a disruption is likely, but rather to provide an evidence base that highlights the importance of satcom 
and reliance of sectors on its services. 

The motivation for the study is to provide evidence of satcom’s economic and strategic importance 
by illustrating society’s dependence on satcom across a few key sectors and by quantifying the 
impacts of service loss within these prioritised sectors. The results are intended to inform ESA MS 
delegates and the ESA Council at Ministerial Level in November 2025. 

1.2 Background 

While in developed urban environments people can rely on robust terrestrial networks, there are 
many situations where this infrastructure is unavailable. For example, rural communities may lack 
reliable coverage, and ships crossing oceans and aircraft flying at high altitude cannot connect to 
ground-based networks at all. In these cases, communication is made possible through signals 
transmitted via satellites orbiting the Earth. These satellites are part of an infrastructure called 
satellite communication (satcom). Satcom, is an umbrella term for a system which allows users with 
a compatible device (e.g. antenna, terminal, satphone, or a satellite-enable smartphone) to send 
and receive voice, data, and video by processing signals relayed via satellites in space. With enough 
satellites in service, and the necessary ground infrastructure, satcom enables reliable regional and 
global connectivity for a range of applications.  

Today’s economy is critically dependent on satcom across a wide variety of use cases ranging from 
civil security and the operation of government to the transport and connectivity of people and goods 
around the globe. In many of these environments there is no viable terrestrial alternative. Disruption 
would directly affect safety, supply chains, essential services, and basic connectivity. Satcom 
therefore provides extensive direct benefits to users within these sectors and to areas of the 
economy that, in turn, depend on these sectors. 
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1.3 Report structure 

This study is arranged as follows: 

 Chapter 2 details the study scope and nature of the loss scenario; 

 Chapter 3 summarises the study methodology, as well as key caveats & limitations;  

 Chapter 4 details the results for each sector in descending order of impact (maritime, 
aviation, consumer, energy, payments); 

 Chapter 5 presents a dedicated analysis of the expected losses to satellite operators; 

 Chapter 6 summarises the results across all assessed sectors, and 

 Chapter 7 presents an overall conclusion for the study. 

2 Scope and scenario  

2.1 Nature of the scenario 

The satcom loss scenario assumes that uplink and downlink transmissions to communication 
satellites are inhibited across all orbits (HEO, GEO, MEO, LEO). While satellite and ground stations 
remain in place, they are no longer capable of providing connectivity to users.  

The analysis is agnostic to the cause of loss and contrasts with the counterfactual scenario, where 
satcom continues to operate without disruption. The loss of satcom is modelled as immediate, 
global, and lasting for seven days, with recovery of satcom services assumed to be instantaneous 
after the seven-day disruption. During the disruption period, it is assumed that users do not know 
when, or even if, services will be restored. The costs of satcom loss are calculated over an ‘average’ 
week of the year.  

The scenario is considered in the context of today’s market, technology, and usage patterns. Users 
are assumed to fall back on the best readily available alternatives (if any).  

While satcom also plays an enabling role for other space-based activities (e.g. PNT, EO, SSA, launch 
or science missions), these services are excluded from the analysis and assumed to remain fully 
operational. This scenario is not probable, and most likely not possible (not least because such 
services are likely to be disrupted by the source of the global disruption to satcom anyway), but 
serves to illustrate the present report’s positive objective of demonstrating society’s reliance on 
satcom. 

2.2 Study scope 

The scope of research and analysis in this report is limited by the following: 

 Geographic scope: the analysis covers all 23 ESA MS and Canada. The impact of loss is 
assessed for identified users in prioritised use cases within the geographic boundaries of 
ESA MS, and Canada, and for regional or global mobile applications that cut across borders 
(e.g. maritime, aviation) with a regulatory, operational, and/or corporate attachment to 
ESA MS. The measured cost of satcom loss is assessed and reported in aggregate and not 
sub-divided by each MS. However, a distinction is made for impacts accruing to Europe and 
Canada. 
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 Time period: The analysis is based on today’s (2025) conditions, satcom systems and 
technologies, and usage patterns, and does not take into consideration long-term 
structural changes in technology, markets, or user behaviours.  

 Sectors and use cases: Civilian and commercial satcom use cases are considered across five 
selected sectors: Maritime, Aviation, Consumer, Energy, and Payments. While the loss of 
satcom would impose significant costs on defence operations, these are not quantified in 
the study. The study instead focuses on demonstrating the essential role of satcom in 
sustaining economic and societal activity in five key sectors. These sectors were selected 
based on an ex-ante assessment of criticality of satcom and likely impact. The time and 
budget constraints of the study motivated a focused assessment and meant that other 
important areas such as government, military, media and automotive are not assessed in 
this study. The estimates presented here are therefore likely to understate the full scale of 
social and economic impacts associated with satcom disruption.  

 Timing of the satcom loss: The analysis assumes the outage occurs in an average seven-
day period of the year. This means that concurrent events are assumed to occur at their 
annualised probability, with no consideration for seasonality or major concurrent events. 
The implication of this assumption is that the estimated impact could be considerably 
greater if satcom loss coincided with other events such as: storms and hurricanes 
necessitating weather warnings to vessels at sea and reducing the capacity of airspaces; 
the loss of subsea cables placing a greater need on satellite as a backup; or coinciding with 
particularly busy periods in air travel (e.g. around summer and Christmas holidays). 

 Scope of monetisable costs: The nature of monetisable costs varies by use case. However, 
the types of costs that can be attributed to satcom loss include: 

 Operational delays (vessels, rigs, aircraft) 

 Opportunity cost of time (passengers, goods) 

 Environmental costs (carbon emissions) 

 Lost revenues (satellite operators) 

 Lost economic activity (measured in terms of foregone Gross Value Added) 

 Other costs (impact of disrupted mountain rescue operations) 

3 Methodology  

The study combines desk-based research with 48 expert consultations with 
industry players including satellite operators, regulators and end-users to 
assess the reliance of critical sectors on satcom, and to highlight its 
importance to economic and societal activity.  

Within the five selected sectors, the report identifies patterns of current 
use, the functional role of satcom, resilience (if any) to disruption, and 
estimates the likely impact of a disruption to satcom availability for seven 
days across the five sectors. 

The findings from desk-based research and stakeholder consultations were translated into an 
economic model designed to monetise the potential impacts of satcom loss. The analysis provides 
estimates of economic impact in terms of foregone economic activity. This loss in economic activity 
in measured in terms of Gross Value Added (GVA, a measure of the gross economic value generated 
within a sector less the cost of inputs), and loss of utility benefits, such as the loss of connectivity 
for consumers and the value they derive from such connectivity. Beyond the monetised impacts, 
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the study also assesses wider societal impacts by estimating the number of users affected (e.g. 
number of households left without access to broadband). 

The general approach adopted to monetise the economic impact of a loss of satcom was as follows:  

 Selection of five priority sectors and identification of relevant use cases which benefit from 
satcom in their operations;1 

 Assessment of use cases within these sectors using desk-based research to understand 
how satcom is currently used, evaluate whether it serves as the primary mode of 
connectivity, as an alternative, or a backup, and identify who the end-users are; 

 Assignment of a RAG (Red, Amber, Green) rating to each use case to indicate the criticality 
of satcom and the likely impact of an outage; 

 Validation and deep-dive analysis of operational consequences of satcom loss through 
consultations with 48 satcom customers, end users, regulators, satellite operators, experts, 
and academics. A list of the types of stakeholders engaged for this study is provided in 
Annex 3; 

 Definition of parameters of cost and collection of primary and secondary data for 
quantitative metrics, evidence and assumptions validated through stakeholder 
consultations. Qualitative costs were included to capture societal impacts that cannot be 
monetised; 

 Comparison of projected costs under the loss scenario against a counterfactual baseline, 
to isolate the additional impacts attributable to satcom disruption. The analysis 
incorporates assumptions regarding the dependency on satcom in cases where no 
alternative services are available; 

 Estimating low, central, and high scenarios to reflect uncertainty in key inputs. 

3.1 Caveats and limitations  

The findings are subject to the following high-level caveats and limitations:  

 The study is limited to five selected sectors. Sectors with known use of satcom such as 
government, media, and automotive are not considered in this report. The overall impact 
of loss is expected to be higher than what is estimated in this report; 

 The study is constrained by the availability and accuracy of published information, and 
user/expert knowledge and assessment of risks. Estimates may contain an optimism bias; 

 The report is agnostic to the actual source of the considered disruption; 

 The disruption to satellite communication is considered a standalone event, therefore does 
not include impact other space-based services such as GNSS, and Earth Observation; 

 Analysis reflects satellite use in Europe and Canada today. Impact of loss may increase in 
future because of new use cases and increased dependency (e.g. Direct-to-Device); 

 Monetised impacts do not account for financial transfers within Member States (e.g. 
penalties paid by one ESA Member State entity to another). Such transfers do not generate 
Gross Value Added (GVA) impacts and therefore can result in monetised estimates 
appearing lower than expected, even when large payments are involved (e.g. 
compensation to aviation passengers). 

 
1 Other sectors identified but not investigated in detail for this study due to time and scope constraints include Government & public 
infrastructure, Road, Rail, Enterprise, Media. 
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4 Sector results 

The following sections identify the uses and value of satcom across Europe and Canada’s economy, 
across five priority sectors: Maritime, Aviation, Consumer, Energy, and Payments. In addition, each 
section considers the direct economic impact on users of a temporary loss of satcom for seven days. 
The impact of a loss of satcom is modelled for a seven-day global outage as per the methodology 
outlined in Section 3. 

Each section follows a common structure, with an introduction on how satcom is used in the sector, 
followed by a more detailed consideration of the use cases in each sector, and the economic losses 
from its disappearance. 
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4.1 Maritime  

The maritime sector is the most satellite-
dependent of all sectors analysed in this 
study, as satcom provides the primary 
means of communication for safety, 
operations, and logistics for vessels at 
sea. This dependency is reflected in the 
findings of this section, which show that 
a hypothetical seven-day satcom outage 
would cause substantial disruption to the 
maritime sector itself and trigger 
significant economic knock-on impacts 
across the wider economy.  

Total impacts for ESA MS and Canada are estimated at €9.58bn in the central scenario and 
€19.04bn in the high scenario. 

4.1.1 Scope 

This section assesses the impacts of a satcom outage on two primary maritime use cases: the 
mandatory GMDSS (Global Maritime Distress and Safety System) for safety-of-life communications, 
and broader Vessel Connectivity that enables daily operational, commercial, and welfare activities. 

4.1.2 GMDSS 

GMDSS is an international maritime safety system, mandated by the International Maritime 
Organization (IMO) under the Safety of Life at Sea (SOLAS) convention.2 The system has been 
required since 1999 for all passenger and cargo ships over 300 gross tonnage undertaking 
international voyages. While GMDSS integrates Very High Frequency (VHF), High Frequency (HF), 
and Medium Frequency (MF) radio, satcom has become its most critical element for vessels 
operating on the high seas. The system's importance stems from its dual function: enabling both 
reactive emergency response and proactive safety measures. 

Satcom is central to the GMDSS's reactive distress function. In an emergency, a single button press 
transmits a distress alert with the vessel's identity and precise location via satellite to a Rescue 
Coordination Centre (RCC). The RCC can then broadcast the alert to nearby vessels, which are legally 
obliged to assist. This function relies on two distinct satellite systems: Recognised Mobile Satellite 
Services (RMSS), provided by the IMO-approved operators Viasat-Inmarsat and Iridium, and the 
Cospas-Sarsat system, which detects alerts from Emergency Position Indicating Radio Beacons 
(EPIRBs).3 Unlike RMSS, which are commercial satcom services, Cospas-Sarsat uses dedicated search 
and rescue instruments carried as secondary payloads on government or agency-owned satellites 

 
2 International Maritime Organization (1974). International Convention for the Safety of Life at Sea (SOLAS). Available at: 
https://www.imo.org/en/about/conventions/pages/international-convention-for-the-safety-of-life-at-sea-(solas),-1974.aspx [accessed 
21 August 2025]. 
3 International Mobile Satellite Organization (2025). What is the GMDSS. Available at: https://imso.org/our-work/gmdss/what-is-the-
gmdss/ [accessed 21 August 2025]. 

https://www.imo.org/en/about/conventions/pages/international-convention-for-the-safety-of-life-at-sea-(solas),-1974.aspx
https://imso.org/our-work/gmdss/what-is-the-gmdss/
https://imso.org/our-work/gmdss/what-is-the-gmdss/
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to detect emergency beacons.4 It is therefore satellite-based but not dependent on satcom, meaning 
it would continue to function in the event of a satcom outage. Furthermore, oversight of the RMSS 
is carried out by the International Mobile Satellite Organisation (IMSO), which ensures that the 
approved operators meet the performance standards required by IMO.5 Cospas-Sarsat, by contrast, 
is governed under its own international agreement and not overseen by IMSO.6 

Satcom also enables a proactive safety role through the automated broadcast of Maritime Safety 
Information (MSI), which provides vessels with real-time data such as storm warnings and 
navigational hazards. A further dependency is the Long-Range Identification and Tracking (LRIT) 
system. Audited by IMSO, it is a mandatory tool for security and regulatory oversight that relies on 
satcom to report a ship's position. There is no viable contingency for LRIT, as alternatives such as 
the Automatic Identification System (AIS) have weaker communication security. 

In the event of a satcom outage, the mandated alternative for deep-sea distress alerting is HF radio. 
SOLAS regulations still require vessels to be equipped with HF systems, but there is a significant gap 
between this requirement and the practical reality. The global network of shore-based HF receiving 
stations has shrunk from a lack of use, leaving fewer stations available to receive distress calls. This 
is further undermined by the widespread reliance on user-friendly satcom, which has led to a decline 
in mariners’ proficiency with HF equipment. The few remaining HF receiving stations provide only 
patchy coverage, meaning many vessels would be unable to reach a station from their location. Even 
where coverage exists, a sudden influx of distress calls could overwhelm capacity, making the 
backup system unreliable in practice.7 Moreover, severe weather conditions such as thunderstorms 
can further degrade signal quality.8 If HF cannot be established, another two-way communication 
option is VHF radio. It remains effective for short-range coastal communication; however, it is not a 
viable alternative on the high seas, leaving vessels mid-ocean exposed without satcom.9 

Direct impacts 

A sudden and sustained loss of the GMDSS satcom service would create immediate and significant 
impacts for SOLAS-class vessels. This analysis assumes an ‘average week’ of maritime activity and 
MSI issuance, characterised by normal traffic volumes and the absence of major disruptions such as 
large-scale storms or collisions. An ‘abnormal week’ would include events such as severe weather, 
for example a hurricane in the Caribbean, or widespread navigational hazards like drifting containers 
after a major storm. Both situations would trigger a higher volume of MSI broadcasts. 

Impacted SOLAS-class vessels can be separated into two categories: those already at sea and those 
in port. For a vessel at sea, the loss of satcom connectivity would be instantaneous. The GMDSS 
terminal on the bridge would sound an alarm, immediately notifying the crew that the primary 
satellite link is down. The vessel is no longer compliant with its SOLAS safety obligations, placing it 

 
4 Sarsat (n.d.). Search and Rescue Satellites. Available at: https://www.sarsat.noaa.gov/search-and-rescue-satellites/ [accessed 16 
September 2025]. 
5 International Mobile Satellite Organization (2025). Oversight of the GMDSS. Available at: https://imso.org/our-work/gmdss/ [accessed 
21 August 2025]. 
6 SARSAT Search and Rescue Satellite-Aided Tracking (n.d.). Frequently Asked Questions. Available at: 
https://www.sarsat.noaa.gov/faqs/ [accessed 24 September 2025]. 
7 Input from engagement with industry stakeholders. 
8 Barrett (2017). How Does Barrett Support HF Radio Communications at Sea? Available at: 
https://www.barrettcommunications.com.au/news/how-does-barrett-support-hf-radio-communications-at-
sea/#:~:text=HF%20radio%20equipment%20at%20sea,aluminium%20tubing%2C%20for%20UV%20protection. [accessed 6 October 
2025]. 
9 PredictWind (2025). VHF Radio: Definition, Uses, and Examples. Available at: https://www.predictwind.com/glossary/v/vhf-radio 
[accessed 6 October 2025]. 

https://www.sarsat.noaa.gov/search-and-rescue-satellites/
https://imso.org/our-work/gmdss/
https://www.sarsat.noaa.gov/faqs/
https://www.barrettcommunications.com.au/news/how-does-barrett-support-hf-radio-communications-at-sea/#:~:text=HF%20radio%20equipment%20at%20sea,aluminium%20tubing%2C%20for%20UV%20protection
https://www.barrettcommunications.com.au/news/how-does-barrett-support-hf-radio-communications-at-sea/#:~:text=HF%20radio%20equipment%20at%20sea,aluminium%20tubing%2C%20for%20UV%20protection
https://www.predictwind.com/glossary/v/vhf-radio
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in a precarious regulatory position. Insurance, however, remains valid until the vessel reaches the 
nearest port. 

The most critical direct impact is the degradation of safety. Without the instantaneous, reliable 
satellite distress function, vessels in imminent danger would be forced to rely on the HF radio 
alternative. As established in the previous section, the limited shore-based infrastructure and 
widespread lack of crew proficiency make this a highly unreliable backup. The Cospas-Sarsat system 
could still detect a distress signal from the ship’s EPIRB and forward it to rescue authorities. 
However, Cospas-Sarsat is a one-way alerting system that provides only the vessel’s identity and 
position, offering no two-way communication with rescue coordination centres. The loss of satcom 
would also cease the automated broadcast of MSI, leaving the crew without proactive warnings 
about navigational or meteorological hazards, such as drifting containers, wrecks, or storm fronts. 
This leaves the vessel more vulnerable for the remainder of its journey. 

The potential direct economic cost of this increased risk can be estimated by considering the number 
of vessels that would be unable to effectively signal for help. According to Inmarsat, its network 
handled 788 GMDSS distress alerts in 2023.10 It is important to note that this figure represents only 
a fraction of total maritime distress incidents, the majority of which are communicated via short-
range VHF or MF radio, cellular phones, or EPIRB activations from smaller fishing and leisure craft.11 
However, for estimating the impact on commercial shipping, the Inmarsat data is the most relevant, 
as these alerts originate from the large, SOLAS-class vessels central to this analysis. This provides a 
known number of incidents involving high-value, quantifiable assets.  

Assuming that half of the reported alerts involve vessels in critical condition, a hypothetical seven-
day satcom outage could affect around eight such vessels. With roughly 20% of the global fleet 
European or Canadian, this implies two vessels in the ESA MS and Canada context.12 A proportion of 
vessels are expected to reroute closer to shore during the outage and could transmit a distress alert 
via VHF. It is therefore assumed that only one of the two affected European or Canadian vessels 
would be in deep sea distress. 

It is also assumed that, in the event of a deep-sea incident, the vessel and its cargo would be 
damaged rather than completely lost. Total losses have become rare in recent years, declining by 
almost 75% over the past decade to 27 cases in 2024.13 To reflect this, a 30% loss to the average 
value of a SOLAS-class vessel and its cargo (€352m) is applied. The standard crew consists of 20 
personnel.14 Even though GMDSS is disabled, vessels still have safety procedures in place, such as 
EPIRBs, lifeboats and distress flares to attract the attention of nearby ships. Vessels in distress can 
also send VHF alerts to other vessels within line-of-sight range, typically up to 20-30 nautical miles.15 
Accordingly, fatalities are assumed at 10% of the crew (2 out of 20 personnel). Using the European 
Commission’s value of a statistical life reported in the Handbook on the external costs of transport 
(€3.6m in 2016 prices), and inflating it to 2025 prices with EU GDP per capita growth (€4.1m), the 

 
10 Inmarsat (2024). The Future of Maritime Safety Report 2024. Available at: 
https://www.inmarsat.com/en/insights/maritime/2024/the-future-of-maritime-safety-2024.html [accessed 15 August 2025]. 
11 Input from engagement with industry stakeholders. 
12 CE Delft (2025). The Economic Value of the European Shipping Sector. Available at: https://ecsa.eu/wp-
content/uploads/2025/03/CE_Delft_220297_The-economic-value-of-the-European-shipping_def.pdf [accessed 17 August 2025]. 
13 Allianz (2025). Safety and Shipping Review 2025. Available at: 
https://commercial.allianz.com/content/dam/onemarketing/commercial/commercial/reports/commercial-safety-shipping-review-
2025.pdf [accessed 10 September 2025]. 
14 U.S. Naval Institute (2016). Oceans – Hello, Is Anyone On Board? Available at: 
https://www.usni.org/magazines/proceedings/2016/july/oceans-hello-anyone-board [accessed 11 August 2025]. 
15 PredictWind (2025). VHF Radio: Definition, Uses, and Examples. Available at: https://www.predictwind.com/glossary/v/vhf-radio 
[accessed 1 October 2025]. 

https://www.inmarsat.com/en/insights/maritime/2024/the-future-of-maritime-safety-2024.html
https://ecsa.eu/wp-content/uploads/2025/03/CE_Delft_220297_The-economic-value-of-the-European-shipping_def.pdf
https://ecsa.eu/wp-content/uploads/2025/03/CE_Delft_220297_The-economic-value-of-the-European-shipping_def.pdf
https://commercial.allianz.com/content/dam/onemarketing/commercial/commercial/reports/commercial-safety-shipping-review-2025.pdf
https://commercial.allianz.com/content/dam/onemarketing/commercial/commercial/reports/commercial-safety-shipping-review-2025.pdf
https://www.usni.org/magazines/proceedings/2016/july/oceans-hello-anyone-board
https://www.predictwind.com/glossary/v/vhf-radio
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estimated human loss amounts to €8.2m.16 Combined with the vessel and cargo loss, the total loss 
is therefore approximately €114m. 

For vessels in port, a GMDSS satcom outage prevents them from legally departing. Pre-departure 
checks require verification of all safety systems, and a non-operational GMDSS terminal, which 
depends on satcom, would deem a vessel unseaworthy under SOLAS regulations. Specifically, SOLAS 
Chapter IV requires all SOLAS-class vessels to carry functional GMDSS equipment.17 While HF radio 
can provide some backup functionality, it does not substitute for the satellite components of the 
GMDSS, which are essential for SOLAS compliance. The immediate response from a ship operator is 
expected to be a request for dispensation from the vessel's flag state, which is a temporary 
authorisation to sail despite the non-compliance.18 A dispensation from the flag state is required 
because SOLAS obligations are enforced through the flag state, which certifies a vessel’s compliance 
and therefore has the authority to grant temporary exemptions.19 Given the significant commercial 
pressures, it is considered almost certain that all affected operators would make such a request.20 

This, however, introduces significant complications with insurance. Insurers expect vessels to 
remain compliant with international safety conventions, and non-compliance creates uncertainty 
about coverage.  

“Even if policies don’t explicitly state it, insurers expect vessels to maintain compliance with SOLAS 
and GMDSS. Failure to do so could potentially impact insurance coverage, including a breach of 
warranty." 

Allianz – Insurance and financial services company 

In addition, a SOLAS breach means the vessel’s classification temporarily loses validity. A certificate 
of classification is an ongoing technical certification of a vessel’s design, structure, and machinery, 
issued by an independent Classification Society. It confirms that the vessel is built and maintained 
in compliance with established standards of seaworthiness.21 Crucially, classification is not formally 
withdrawn unless actioned by the Classification Society, which is an unlikely step for a short-term 
outage. 

“Failure to maintain GDMSS would be a breach of SOLAS and by extension a likely breach of 
classification. Although classification has lost validity, (temporarily), it is not actually withdrawn 
unless actioned by the Class Society. As long as the outage is fairly short, not several weeks, it is 
foreseeable that classification societies would not act immediately. It would be impractical and 
unreasonable if class were to be withdrawn for a split-second power cut for example. So it 
becomes a question of degree.” 

Lloyd’s Market Association – Lloyd’s underwriters’ association 

 
16 European Commission (2019). Handbook on the External Costs of Transport. Available at: https://op.europa.eu/en/publication-
detail/-/publication/9781f65f-8448-11ea-bf12-01aa75ed71a1 [accessed 26 September 2025]. 
17 DMA (2007). Chapter IV: Radiocommunications. Available at: https://www.dma.dk/Media/637743822012026667/D-IV-01052007.pdf 
[accessed 6 October 2025]. 
18 Input from engagement with industry stakeholders. 
19 IMO (n.d.). International Convention for the Safety of Life at Sea (SOLAS), 1974. Available at: 
https://www.imo.org/en/about/conventions/pages/international-convention-for-the-safety-of-life-at-sea-(solas),-1974.aspx [accessed 
6 October 2025]. 
20 Input from engagement with industry stakeholders. 
21 Windward (n.d.). Vessel Class. Available at: https://windward.ai/glossary/what-is-a-vessel-class/ [accessed 1 October 2025]. 

https://op.europa.eu/en/publication-detail/-/publication/9781f65f-8448-11ea-bf12-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/9781f65f-8448-11ea-bf12-01aa75ed71a1
https://www.dma.dk/Media/637743822012026667/D-IV-01052007.pdf
https://www.imo.org/en/about/conventions/pages/international-convention-for-the-safety-of-life-at-sea-(solas),-1974.aspx
https://windward.ai/glossary/what-is-a-vessel-class/
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The situation would then trigger an evaluation by insurers. As the insurance market consists of many 
private companies, there would not be a unified decision on how to proceed. An insurer would 
assess the increased risk and might work with the vessel operator to implement temporary 
measures to mitigate it, such as remaining within Sea Area 1 where VHF coverage is available (see 
Figure 1 for an overview of the GMDSS Sea Areas). Despite this potential for collaboration, sailing in 
breach of SOLAS creates major legal and financial uncertainty. Any incident during the voyage could 
lead to a complex and disputed claim. 

The disruption to vessels in port due to the inoperability of the GMDSS leads to direct economic 
impacts. These are quantified together with the effects caused by a loss of vessel connectivity in the 
next section. 

Figure 1 GMDSS Sea Areas 

 
Note: Under the GMDSS, oceans are divided into four Sea Areas (A1-A4), which reflect the availability of communications systems 
depending on the distance from shore. 

Source: Merchant Navy Decoded (2025). What is Global Maritime Distress and Safety System (GMDSS). Available at: 
https://www.merchantnavydecoded.com/global-maritime-distress-and-safety-system-gmdss/ [accessed 6 October 2025]. 

4.1.3 Vessel connectivity 

Beyond the safety functions of GMDSS, operational satellite connectivity is more critical for the day-
to-day continuation of global trade. While a GMDSS failure increases risk, a loss of operational 
connectivity would significantly disrupt the highly integrated, 'just-in-time' global logistics network. 

“Without satellite communications, the maritime sector would be paralysed. Satcom is the 
backbone of maritime safety and global shipping. Its loss would not only endanger lives at sea but 
also disrupt the functioning of the entire maritime transport system.” 

Laurent Parenté – Director General of IMSO 

https://www.merchantnavydecoded.com/global-maritime-distress-and-safety-system-gmdss/
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Satcom is essential for 'running the business of the ship', enabling constant communication between 
vessels, owners, and ports. This data exchange is critical for modern logistics, providing accurate 
Estimated Time of Arrival (ETA) and Estimated Time of Departure (ETD) predictions. These are 
necessary for efficient port operations and enabling real-time route changes for vessels on flexible 
'tramp routes'. 

In the fishing industry, satcom connectivity facilitates mandatory vessel tracking and electronic 
catch reporting to authorities, which also serves a secondary safety function. Beyond fishing, 
connectivity is critical for crew and passenger welfare. Under the Maritime Labour Convention 
2006, shipowners must provide seafarers with internet access to maintain morale and links with 
home, while for passenger vessels like cruise ships, it is a commercial necessity.22 At any given time, 
there are approximately 1.2 million seafarers at sea. Since roughly 20% of the global fleet is 
European or Canadian owned, it is estimated that around 240,000 seafarers on vessels from ESA 
MS and Canada would be affected during the satcom outage.23 

The maritime industry's growing reliance on satcom has increased significantly over the past 
decades. Commercial vessels now operate with smaller screws and greater remote oversight, with 
much of the decision-making transferred from the bridge to onshore headquarters.24 An outage 
would therefore not only severely increase the crew's workload but also isolate them from 
operational guidance normally provided from shore. The only alternatives are terrestrial radio 
systems. While VHF is effective for short-range coastal communication, it is not a solution for the 
high seas. The only long-range alternative, HF radio, lacks the bandwidth and usability to support 
operational and welfare data needs, leaving no viable substitute for satcom. 

Direct impacts 

As the economic consequences of a loss of GMDSS and a loss of general vessel connectivity are 
intertwined, their impacts are assessed and quantified collectively in this section. 

Maritime transportation 

The maritime transportation sector would be the first to experience the consequences of a satcom 
outage. The impact, however, differs depending on the form of shipping activity. Broadly, there are 
two forms of commercial shipping: liner and tramp. Liner shipping operates on fixed, published 
schedules, offering predictable services open to any customer. This model, most common in 
container shipping, is comparable to a bus or train service. By contrast, tramp shipping does not 
follow fixed routes or schedules but instead moves according to demand, similar to a taxi that goes 
wherever the customer requires. It is prevalent in bulk trades, such as coal, oil, and grain.25 

The largest sources of seaborne imports to Europe are the United States (US) and China, while for 
Canada the leading source is China.26,27 Liner services from East Asia to Europe or Canada typically 

 
22 Riviera (2022). Seafarer Internet Connectivity Becomes Mandatory. Available at: https://www.rivieramm.com/news-content-
hub/news-content-hub/seafarer-internet-connectivity-becomes-mandatory [accessed 15 September 2025]. 
23 CE Delft (2025). The Economic Value of the European Shipping Sector. Available at: https://ecsa.eu/wp-
content/uploads/2025/03/CE_Delft_220297_The-economic-value-of-the-European-shipping_def.pdf [accessed 17 August 2025]. 
24 Input from engagement with industry stakeholders. 
25 Marine Insight (2021). What Are Liner Services and Tramp Shipping? Available at: https://www.marineinsight.com/maritime-
law/what-are-liner-services-and-tramp-shipping/ [accessed 16 September 2025]. 
26 Eurostat (2025). International Trade in Goods. Available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=International_trade_in_goods [accessed 16 September 2025]. 
27 Government of Canada (2024). State of Trade 2024. Available at: https://publications.gc.ca/collections/collection_2024/amc-gac/FR2-
8-2024-eng.pdf [accessed 16 September 2025]. 

https://www.rivieramm.com/news-content-hub/news-content-hub/seafarer-internet-connectivity-becomes-mandatory
https://www.rivieramm.com/news-content-hub/news-content-hub/seafarer-internet-connectivity-becomes-mandatory
https://ecsa.eu/wp-content/uploads/2025/03/CE_Delft_220297_The-economic-value-of-the-European-shipping_def.pdf
https://ecsa.eu/wp-content/uploads/2025/03/CE_Delft_220297_The-economic-value-of-the-European-shipping_def.pdf
https://www.marineinsight.com/maritime-law/what-are-liner-services-and-tramp-shipping/
https://www.marineinsight.com/maritime-law/what-are-liner-services-and-tramp-shipping/
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_trade_in_goods
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_trade_in_goods
https://publications.gc.ca/collections/collection_2024/amc-gac/FR2-8-2024-eng.pdf
https://publications.gc.ca/collections/collection_2024/amc-gac/FR2-8-2024-eng.pdf
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follow fixed routes with multiple scheduled port calls. For example, a vessel might load in Shanghai, 
then call at Singapore, Dubai, and a Mediterranean port before arriving in Rotterdam. Tramp ships, 
by contrast, have no fixed itinerary. A bulk carrier may even depart without a confirmed destination, 
as the commodity may not yet be sold, and will then be instructed en route where to deliver the 
cargo. Once the cargo is discharged, the owner seeks the next charter.28  

To estimate the extent of disruption to shipping, the shipping type (liner or tramper) and the origin 
(US or China) have to be considered. Liner services operate on fixed schedules, while trampers sail 
without fixed itineraries, taking voyages as demand arises. In the absence of satcom, trampers face 
longer voyages because they require continuous connectivity to receive orders about their next 
destination. As a result, they must sail closer to shore to access terrestrial internet and VHF signals, 
which significantly increases travel time. For voyages from East Asia to Europe, this detour adds 
about 30% to the distance when transiting the Suez Canal and around 50% when rerouting via the 
Cape of Good Hope. For voyages from the US, the additional distance is roughly 10% as vessels travel 
along the North East coast before crossing the Atlantic largely without connectivity. For voyages 
from China to Canada’s west coast, the detour is assumed to increase the distance by around 20%. 
It is further assumed that trampers need to refuel once during these journeys, adding one extra day 
of delay. 

In comparison, liners do not require continuous connectivity and therefore do not need to alter 
their routes. However, they make more frequent port calls than trampers. A liner sailing from China 
to Europe typically calls at around eight ports, while one from the US to Europe calls at about five. 
A liner from East Asia to Vancouver makes roughly six port calls.29,30 Each port call is assumed to add 
an additional two days of delay due to congestion in port and longer waiting times. Furthermore, 
vessels in port must request a dispensation from their flag state and reach an agreement with their 
insurer (see Section 4.1.2), which adds to the delay. 

Moreover, disruptions persist beyond the seven-day outage. A backlog builds up in and around ports 
as vessels accumulate during the disruption. It is assumed to take four days for this backlog to clear 
and for operations to return to normal. For trampers at sea, normal operations do not resume 
immediately, as they must first get back onto their optimal routes, which is assumed to take two 
days. 

To estimate the impact on the maritime transport sector, the resulting delays are presented as a 
percentage of total journey time. For liners, this was done by taking the additional days from extra 
port calls over an entire voyage and scaling them to the seven-day satcom outage, plus the four-day 
backlog during which delays gradually taper off. For trampers, the calculation used the additional 
days from longer voyages, including one extra day for refuelling, scaled to the seven-day satcom 
outage. An additional two days were added to account for the time needed to get back onto their 
optimal route once the outage ended. The resulting delays are reported in Table 1. 

 
28 Daily Logistics (2021). Difference Between Liner Shipping and Tramp Shipping. Available at: https://dailylogistic.com/liner-shipping-
and-tramp-shipping/ [accessed 16 September 2025]. 
29 Port Economics Management (n.d.). Routing Options Between Shanghai, Rotterdam and New York. Available at: 
https://porteconomicsmanagement.org/pemp/contents/part1/interoceanic-passages/routing-options-shanghai-rotterdam/ [accessed 
17 September 2025]. 
30 Port Economics Management (n.d.). Types of Inter-Range Maritime Routes. Available at: 
https://porteconomicsmanagement.org/pemp/contents/part6/ports-and-container-shipping/types-inter-range-maritime-routes 
[accessed 17 September 2025]. 

https://dailylogistic.com/liner-shipping-and-tramp-shipping/
https://dailylogistic.com/liner-shipping-and-tramp-shipping/
https://porteconomicsmanagement.org/pemp/contents/part1/interoceanic-passages/routing-options-shanghai-rotterdam/
https://porteconomicsmanagement.org/pemp/contents/part6/ports-and-container-shipping/types-inter-range-maritime-routes
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Table 1 Disruption to maritime transport 

Vessel 
type 

Route 
Journey 
length (days) 

Source of disruption 
Overall 
delay (in %) 

Liner China to Europe 30 Delay during port calls 13.8 

Liner US to Europe 15 Delay during port calls 32.1 

Liner China to Vancouver, Canada 20 Delay during port calls 18.8 

Tramper China to Europe (Suez) 35 Rerouting 15.1 

Tramper China to Europe (Cape of Good Hope) 45 Rerouting 15.5 

Tramper US to Europe 20 Rerouting 18.2 

Tramper China to Vancouver, Canada 25 Rerouting 16.4 
Note: A full breakdown of the estimation is provided in Annex 2. 
Source: London Economics analysis based on inputs from: Forest Shipping (2023). Transit Time From China To Other Countries. 
Available at: https://www.forestshipping.com/transit-time-from-china-to-other-countries [accessed 18 September 2025]. 
GoFreight (n.d). Your Guide To Ocean Freight Transit Times. Available at: https://archive.gofreight.com/blog/education/your-guide-
to-ocean-freight-transit-times.html [accessed 18 September 2025]. Doc Shipper (n.d.). Freight Shipping between the US and Europe. 
Available at: https://docshipper.us/en/freight-shipping-us-europe [accessed 18 September 2025]. 

For Canada, the delay is 18.8% for liners and 16.4% for trampers. Since roughly two-thirds of 
maritime trade by value is carried by liners, the weighted average delay is 18.0%.31 For Europe, two 
liner and three tramper rates are reported, depending on whether goods originate from China or 
the US. In 2024, China accounted for about 60% of EU imports from these two countries.32 Applying 
these weights gives a liner delay of 21.1% and a tramper delay of 16.5%, assuming traffic is split 
evenly between the Suez Canal and the Cape of Good Hope. Weighting these by the two-thirds liner 
share yields a single combined delay of 19.6%. These results are summarised in Table 2. 

Taking the GVA generated by the maritime transport sector in ESA MS and Canada over the 
disruption period and multiplying it by the respective delay rates gives an estimated GVA loss of 
€465m. Given the uncertainty around how the sector would react, low and high scenarios are 
defined alongside the central scenario. In the low scenario, it is assumed that ports are less 
congested and that vessels receive dispensations from their flag states swiftly. Solutions with 
insurers are also assumed to be reached quickly, allowing operations to continue with minimal 
disruption. In this case, half of the central disruption rate is applied (9.8% for Europe and 9.0% for 
Canada), resulting in an estimated GVA loss of €232m. In the high scenario, significantly greater 
congestion in and around ports is assumed, together with stricter reactions from insurers. 
Uncertainty over coverage for non-compliant voyages would force a larger share of the global fleet 
to remain in port, regardless of dispensations. To reflect this, double the central disruption rates are 
applied (39.2% for Europe and 36.0% for Canada), giving an estimated GVA loss of €929m. 

Table 2 Delay rates in maritime transport 

Importing region Vessel type Low scenario (in %) Central scenario (in %) High scenario (in %) 

Europe Liner 10.6 21.1 42.2 

Europe Tramper 8.3 16.5 33.0 

Europe Combined 9.8 19.6 39.2 

Canada Liner 9.4 18.8 37.6 

Canada Tramper 8.2 16.4 32.8 

Canada Combined 9.0 18.0 36.0 

 
31 Port Economics Management (n.d.). Value of Containerized Trade, 2020. Available at: 
https://porteconomicsmanagement.org/pemp/contents/part1/maritime-shipping-and-international-trade/value-containerized-trade 
[accessed 18 September 2025]. 
32 Eurostat (2025). International Trade in Goods. Available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=International_trade_in_goods [accessed 21 September 2025]. 

https://www.forestshipping.com/transit-time-from-china-to-other-countries
https://archive.gofreight.com/blog/education/your-guide-to-ocean-freight-transit-times.html
https://archive.gofreight.com/blog/education/your-guide-to-ocean-freight-transit-times.html
https://docshipper.us/en/freight-shipping-us-europe
https://porteconomicsmanagement.org/pemp/contents/part1/maritime-shipping-and-international-trade/value-containerized-trade
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_trade_in_goods
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_trade_in_goods


4 | Sector results 

 

 

London Economics - The economic impact of a loss of satcom  14 
 

Warehousing 

The widespread port congestion described in the previous section has immediate consequences for 
land-side logistics, particularly warehousing and storage activities that support the maritime sector. 
While the inflow of imports from the sea and the outflow of exports are disrupted, goods from 
domestic factories continue to arrive at ports for export. This imbalance, where export-bound goods 
accumulate because they cannot be loaded onto ships, quickly causes container yards and 
warehouses to exceed their storage capacity. Facilities struggle to cope with unpredictable vessel 
arrivals and departures while simultaneously managing the growing backlog. 

As warehousing activities are directly tied to vessel movements, the central delay rates from 
maritime transport are applied (Table 2). Multiplying this rate by the GVA of warehousing and 
support activities for maritime transport in ESA MS and Canada results in an estimated loss of GVA 
of €1.2bn. 

Fishing 

The fishing industry relies on satcom for three main functions: safety, general communications, and 
regulatory compliance through Vessel Monitoring Systems (VMS), which report a vessel’s position 
to authorities.33  

The impact of a satcom outage is not uniform across the sector. Vessels fishing closer to shore are 
less affected, as they can use VHF radio as a viable backup for emergency messaging and short-range 
communication. The most significant disruption is to the deep-sea fishing fleet, which is dependent 
on satcom for its primary safety and communication links, as well as for submitting mandatory catch 
reports. However, VMS data is stored locally and automatically transmitted once connectivity is 
restored. Regulators are likely to assume the disruption is temporary and therefore would not 
restrict fishing activity. As a result, the temporary loss of VMS is not expected to have a significant 
operational impact on fisheries. 

Generally, it is assumed that the fishing industry operates with a higher risk tolerance than the 
merchant or passenger sectors. Therefore, many deep-sea vessels would likely continue to fish 
despite the outage. This results in an assumed constant disruption factor of 15% to the sector's GVA 
throughout the seven-day satcom outage. The estimated loss of GVA for the fishing industry in ESA 
MS and Canada is €45m. 

Cruise & tourism 

The cruise sector operates under a different set of pressures compared to cargo or fishing. Given 
the safety and reputational risks, operating without primary satcom systems is not considered a 
viable option for cruise operators. Although cruise ships are equipped with backup systems like HF 
radio, requesting a dispensation to sail without primary communication would be a serious 
consideration for any cruise line. Due to the importance of passenger safety and brand image, the 
consensus is that all cruise ships would halt operations, either by remaining in port or returning to 
the nearest port. 

Cruise passengers scheduled to depart would likely stay in the port city for the first few days 
following the start of the satcom outage, awaiting more information from cruise operators. This 

 
33 Inmarsat (n.d.). Fishing. Available at: https://www.inmarsat.com/en/solutions-services/maritime/focus-on/fishing.html [accessed 8 
September 2025]. 

https://www.inmarsat.com/en/solutions-services/maritime/focus-on/fishing.html
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would temporarily benefit local hotels, restaurants, and shops. As uncertainty persists, frustration 
among passengers would increase. Some would try to return home, but this would be complicated 
by flight delays and cancellations, as the aviation sector is also affected by the satcom outage.  

Passengers already at sea would face two main disruptions. First, cruise ships would end their 
itineraries early and divert to the nearest safe harbour to await updates. Second, onboard 
connectivity would cease while at sea and would only be partially restored near the coast, where 
limited terrestrial networks become available. Passenger internet access has become an essential 
part of the modern-day cruise experience, so its loss would quickly lead to dissatisfaction among 
passengers. Operators may try to mitigate this by offering on-board complimentary services.34 
However, those measures would likely only partially offset the reputational damage. Overall, the 
atmosphere on board would likely shift from uncertainty to frustration and even anxiety, as neither 
the passengers nor the crew have clarity on the duration of the outage. 

The number of cruise passengers affected by the seven-day satcom outage is estimated at 178,000. 
This figure is derived by adding the annual European cruise passengers to the annual Canadian cruise 
passengers, and then scaling the total to a seven-day period.35 It should be noted that the cruise 
sector is strongly seasonal, with the third quarter representing the busiest period.36 An outage 
during this time would therefore affect more passengers than the reported estimate. 

Knock-on impacts 

The direct impacts of a satcom outage at ports and at sea create significant knock-on effects that 
spread across the wider economy. Many domestic industries rely on seaborne imports as inputs to 
their production. When these inputs are disrupted, domestic industries can only partially produce 
goods and services, reducing the GVA they generate. 

To estimate this loss, the FIGARO inter-country input–output table (industry by industry)37 is used. 
This table records the inputs each industry requires for production and the corresponding GVA 
generated. The annual GVA of industry x in country y is multiplied by the share of its total inputs 
that consist of seaborne imports. This value is then multiplied by the central scenario liner or 
tramper delay rate (Table 2), depending on whether the imported good is typically transported by 
liner or tramper. Repeating this process across all 62 industries in the FIGARO table for ESA MS and 
Canada yields an estimated knock-on GVA loss of €7.8bn. To reflect uncertainty around the actual 
scale of the impact, a range is also provided. Using the low and high scenario delay rates from Table 
2, the knock-on GVA loss is estimated at €3.9bn in the low scenario and €15.5bn in the high 
scenario. 

In addition to imports, exports are also affected by the outage. The economic impact on exports is 
estimated by multiplying the total value of exports by the maritime transport share for those goods 
and applying the same central delay rate used for imports. Following this methodology, the 
disruption could affect €8.7bn in export value. However, this estimate involves uncertainty, as the 
actual impact depends on the Service Level Agreements in place between the producer, port, 
shipping partner, and buyer. 

 
34 Input from engagement with industry stakeholders. 
35 CLIA (2025). State of the Cruise Industry Report 2025. Available at: https://cruising.org/sites/default/files/2025-
07/State%20of%20the%20Cruise%20Industry%20Report%202025.pdf [accessed 30 September 2025]. 
36 CLIA (2025). State of the Cruise Industry Report 2025. Available at: https://cruising.org/sites/default/files/2025-
07/State%20of%20the%20Cruise%20Industry%20Report%202025.pdf [accessed 30 September 2025]. 
37 CIRCABC (2025). Library. Available at: https://circabc.europa.eu/ui/group/cec66924-a924-4f91-a0ef-600a0531e3ba/library/12a4fc44-
d49f-4775-8351-8a7204f5c8ee?p=2&n=10&sort=name_ASC [accessed 28 August 2025]. 

https://cruising.org/sites/default/files/2025-07/State%20of%20the%20Cruise%20Industry%20Report%202025.pdf
https://cruising.org/sites/default/files/2025-07/State%20of%20the%20Cruise%20Industry%20Report%202025.pdf
https://cruising.org/sites/default/files/2025-07/State%20of%20the%20Cruise%20Industry%20Report%202025.pdf
https://cruising.org/sites/default/files/2025-07/State%20of%20the%20Cruise%20Industry%20Report%202025.pdf
https://circabc.europa.eu/ui/group/cec66924-a924-4f91-a0ef-600a0531e3ba/library/12a4fc44-d49f-4775-8351-8a7204f5c8ee?p=2&n=10&sort=name_ASC
https://circabc.europa.eu/ui/group/cec66924-a924-4f91-a0ef-600a0531e3ba/library/12a4fc44-d49f-4775-8351-8a7204f5c8ee?p=2&n=10&sort=name_ASC
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4.1.4 Future outlook 

The maritime sector's dependency on satcom is set to increase, driven by the move towards 
automation and remote operations, which will amplify the severity of any future outage. 

An emerging market for Unmanned Surface Vehicles (USVs), or ‘drone ships’, used for specialised 
tasks like research and inspection, is reliant on satcom for control.38 Similarly, while the business 
case for fully autonomous cargo ships is debated, the commercial fleet is progressing towards 
remotely controlled vessels with reduced crews.39,40 As more command functions move from the 
bridge to shore, the need for a constant, high-bandwidth satellite link will become essential. In this 
future, a loss of satcom would cut the direct control link to a global fleet, making the impacts far 
more significant. 

 
38 Windward (2025). Unmanned Surface Vehicles (USVs). Available at: https://windward.ai/glossary/unmanned-surface-vehicles-usvs/ 
[accessed 10 September 2025]. 
39 Nautilus International (2024). David Appleton: What’s Going On with Autonomous Ships? Available at: 
https://www.nautilusint.org/en/news-insight/telegraph/whats-going-on-with-autonomous-
ships/#:~:text=How%20it%20started,of%20two%20or%20three%20onboard. [accessed 10 September 2025]. 
40 DNV (n.d.). Autonomous and Remotely-Operated Ships. Available at: https://www.dnv.com/maritime/autonomous-remotely-
operated-ships/#:~:text=Among%20the%20different%20aspects%20of,Remote%20Operations%20Centres%20(ROCs). [accessed 10 
September 2025]. 

https://windward.ai/glossary/unmanned-surface-vehicles-usvs/
https://www.nautilusint.org/en/news-insight/telegraph/whats-going-on-with-autonomous-ships/#:~:text=How%20it%20started,of%20two%20or%20three%20onboard.
https://www.nautilusint.org/en/news-insight/telegraph/whats-going-on-with-autonomous-ships/#:~:text=How%20it%20started,of%20two%20or%20three%20onboard.
https://www.dnv.com/maritime/autonomous-remotely-operated-ships/#:~:text=Among%20the%20different%20aspects%20of,Remote%20Operations%20Centres%20(ROCs).
https://www.dnv.com/maritime/autonomous-remotely-operated-ships/#:~:text=Among%20the%20different%20aspects%20of,Remote%20Operations%20Centres%20(ROCs).
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4.2 Aviation 

Satcom plays a critical role in aviation today, 
providing connectivity across the globe for air traffic 
management, airlines, and passengers. Terrestrial 
networks, such as ground-based Very High 
Frequency (VHF) communications, provide coverage 
over many continental airspaces. However, the range 
of VHF is too low for use beyond these areas. Satcom 
provides an additional means of communication and 
extends connectivity to oceanic and remote areas, 
where alternatives are either limited or non-existent. 
Alongside other communication technologies, 
satcom enhances the quality and redundancy of 
connectivity services, enhancing safety, efficiency, 
and competitiveness in the aviation sector. Given its 
increasing utility and falling cost, the benefits 
provided by satcom are expected to grow 
significantly in the future. 

Total impacts for ESA MS and Canada are estimated at €307.6m in the central scenario and 
€558.7m in the high scenario. 

4.2.1 Scope 

The aviation sector spans a range of use cases for air traffic management, airlines, and passengers. 
The satcom use cases defined for this sector include: 

 Air traffic management (ATM): connectivity for communications with and surveillance of 
aircraft for safe and efficient management of aircraft flows. 

 Operations control centres (OCC): connectivity with aircraft to maintain real-time 
command and control and support broader fleet management. 

 In-flight connectivity (IFC): connectivity to enable passengers and crew to stay connected 
through reliable internet access. 

 Remote airport infrastructure: connectivity to ensure continuity of airport services 
through a primary or backup means of communication. 

Not considered are flights operating under visual flight rules (VFR), or private aviation for leisure. 
Satcom is not expected to be used to any great extent in VFR, so the economic and societal impact 
of loss is considered negligible. 

Not considered either is the use of satcom for onboard emergency equipment under the Cospas-
Sarsat system or Global Aeronautical Distress and Safety System (GADSS). The Cospas-Sarsat system 
is a satellite-based monitoring system, operational since the 1980s, that detects and locates 
aircrafts’ Emergency Locator Transmitters (ELTs).41 GADSS was introduced more recently in 2016 in 
reaction to the disappearance of Malaysia Airlines flight MH370 to improve automatic tracking and 

 
41 Skybrary. COSPAS-SARSAT. Available at: https://skybrary.aero/articles/cospas-sarsat [accessed 6 October 2025]. 
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position reporting. Through the Aircraft Tracking, Autonomous Distress Tracking, and Post Flight 
Localization and Recovery functions of GADSS, satcom supports the tracking of aircraft, location of 
aircraft in distress, and search and rescue operations.42 Given mandatory adoption of GADSS only 
applies to new aircraft and given not all functions are fully operational yet, use of satcom for GADSS 
is currently limited. Additionally, the likelihood of an aviation emergency necessitating use of the 
Cospas-Sarsat system or GADSS during a seven-day period of outage is very slim. Therefore, these 
use cases are not explored further. 

4.2.2 Air traffic management 

Air Traffic Management (ATM) is the integrated system of services and procedures that ensure the 
safe, efficient, and orderly movement of aircraft through airspaces and at airports. ATM relies on 
communication, navigation, and surveillance technologies to prevent collisions, optimise routes, 
reduce delays, and manage traffic across both controlled and uncontrolled airspace, supporting the 
overall efficiency and safety of the global aviation network. 

In spite of the decline in aviation activity brought about by COVID-19, many airspaces are returning 
to pre-pandemic traffic levels faster than expected. In 2024, 10.7 million flights were managed in 
continental European airspace (close to 30,000 per day), just shy of the 11.1 million recorded in 
2019.43 Across 2024, over 1 billion passengers were carried within the EU44 and over 150 million in 
Canada.45 Under current trends, these numbers are expected to increase over the long term. 

Satcom is playing an increasingly large role in the safety and efficiency of ATM, providing 
connectivity capability to several aircraft systems, including datalink services (e.g. CPDLC), ADS-C, 
ADS-B, and Satvoice. These are described further in Table 3 below. 

Table 3 Air traffic management systems 

System Description 

Datalink 

Datalink enables the digital exchange of messages via satellite or ground-based VHF or High 
Frequency (HF) between aircraft and ground operators and reduces congestion of voice 
communications over VHF. Datalink communications between pilots and air traffic 
controllers use Controller-Pilot Data Link Communications (CPDLC), supporting altitude 
changes, route changes, and handovers across all airspaces. Airlines also use datalink services 
for non-time-critical operational communications with the flightdeck, such as weather 
updates, flight plan revisions, and status updates. 

ADS-C 

Automatic Dependent Surveillance – Contract (ADS-C) allows aircraft to automatically send 
position and flight data to air traffic control based on a predefined contract via satellite or 
ground-based VHF or HF. ADS-C enhances situational awareness and is more commonly 
employed over transoceanic airspaces with lower traffic volumes. 

ADS-B 

Automatic Dependent Surveillance – Broadcast (ADS-B) enables aircraft to continuously 
broadcast their precise position, altitude, velocity, and callsign, mostly derived from onboard 
GPS. ADS-B enhances situational awareness and improves tracking accuracy. ADS-B has 
historically been limited to continental airspaces with terrestrial networks. Space-based ADS-
B via satellite was introduced by Aireon in 2019 and has significantly improved the regularity 
of position reporting and situational awareness for ATM in oceanic airspaces. 

 
42 Skybrary. Global Aeronautical Distress and Safety System (GADSS). Available at: https://skybrary.aero/articles/global-aeronautical-
distress-and-safety-system-gadss [accessed 6 October 2025]. 
43 EUROCONTROL (2025). Network Flight Data. Available at: https://ansperformance.eu/traffic/ [accessed 6 October 2025]. 
44 Eurostat (2025). Air Passenger Transport – Data by Month. Available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Air_passenger_transport_-_data_by_month [accessed 12 September 2025]. 
45 Statistics Canada (2025). Airport Activity Approaches Pre-Pandemic Cruising Altitude in 2024. Available at: 
https://www150.statcan.gc.ca/n1/daily-quotidien/250729/dq250729c-eng.htm [accessed 12 September 2025]. 

https://skybrary.aero/articles/global-aeronautical-distress-and-safety-system-gadss
https://skybrary.aero/articles/global-aeronautical-distress-and-safety-system-gadss
https://ansperformance.eu/traffic/
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Air_passenger_transport_-_data_by_month
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Air_passenger_transport_-_data_by_month
https://www150.statcan.gc.ca/n1/daily-quotidien/250729/dq250729c-eng.htm
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System Description 

Satvoice 

Satvoice provides voice communications between pilots and air traffic controllers via 
satellite. Satvoice is not a primary mode of communication, however, it ensures the 
availability of voice communications across all airspaces offering an important alternative 
when needed. 

Currently, over continental airspace, ATM typically uses ground-based infrastructure to provide 
connectivity to these systems (excluding Satvoice) and satcom is not widely used. Over oceanic 
airspace, however, most terrestrial networks are out of range. The range of VHF is limited to line of 
sight at roughly 200-250 nautical miles (NM) of the nearest VHF omnidirectional range (VOR) station. 
HF communication is able to operate beyond line of sight up to 3,000NM, however, it is often subject 
to interference, reliability issues, and is limited in capacity. 

Satcom therefore provides an important alternative mode of communication for oceanic and 
remote airspaces. The availability of satcom for CPDLC, ADS-C, and ADS-B has enhanced safety and 
enabled reduced separation minima between aircraft. Across the North Atlantic airspace46 (NAT; see 
Figure 2), with CPDLC and ADS-C operational, longitudinal separation minima between aircraft fall 
from ten minutes to five minutes, roughly 80NMto 40NM (assuming Performance-Based 
Communication and Surveillance (PBCS) standards RCP240 and RSP180 are met47). Lateral 
separation minima have fallen from one degree to half a degree (60NM to 30NM) and may now be 
as low as 15NM under certain conditions. With the more recent introduction of space-based ADS-B, 
longitudinal separation standards may reduce still further to 14NM. This has greatly increased the 
flexibility and safety of ATM, and the capacity and efficiency of airspace, an important gain for 
congested European airport hubs. 

 
46 The North Atlantic airspace (NAT), is divided into six oceanic control areas (OCAs): Bodo Oceanic, Gander Oceanic, New York Oceanic 
East (north of 27N), Reykjavik, Santa Maria, and Shanwick. 
47 ICAO (2025). North Atlantic Operations and Airspace Manual, NAT Doc 007, V.2025-1.1. Available at: 
https://www2023.icao.int/eurnat/eur%20and%20nat%20documents/forms/allitems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%2
0NAT%20Documents%2FNAT%20Documents%2FNAT%20Documents%2FNAT%20Doc%20007&FolderCTID=0x012000DAF95319EADD99
46B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0F
A9%7D [accessed 3 October 2025]. 

https://www2023.icao.int/eurnat/eur%20and%20nat%20documents/forms/allitems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Documents%2FNAT%20Doc%20007&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
https://www2023.icao.int/eurnat/eur%20and%20nat%20documents/forms/allitems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Documents%2FNAT%20Doc%20007&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
https://www2023.icao.int/eurnat/eur%20and%20nat%20documents/forms/allitems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Documents%2FNAT%20Doc%20007&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
https://www2023.icao.int/eurnat/eur%20and%20nat%20documents/forms/allitems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Documents%2FNAT%20Doc%20007&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
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Figure 2 The ICAO North Atlantic Region 

 
Source: ICAO (2025). North Atlantic Operations and Airspace Manual, NAT Doc 007, V.2025-1.1. 

Given the importance of satcom to ATM in oceanic airspace, the impact analysis for ATM disruption 
focuses on the costs incurred by airlines and passengers from ESA MS and Canada in relation to 
flights across oceanic airspaces. The analysis principally focuses on flights across the Atlantic moving 
through the North Atlantic oceanic airspaces, the vast majority of transoceanic flights operated by 
airlines and flown by passengers from ESA MS and Canada. Particular attention is paid to Gander 
and Shanwick oceanic control areas (OCAs), across which the Organised Track System48 (OTS) 
operates to manage the flow of traffic between Europe and North America, the highest of any 
oceanic airspace in the world.49 Across the Shanwick and Gander OCAs, NATS and NAV CANADA 
manage over 500,000 flights annually between Europe and North America. This equates to 
approximately 150 million passengers per year. NAV Portugal, which manages much of the 
transatlantic traffic between Europe and Central America and South America, oversees lower traffic 
volumes across the Santa Maria OCA with roughly 200,000 flights expected this year. The analysis 
does not consider the impact to airlines and passengers from ESA MS and Canada flying polar or 
other oceanic routes outside of the North Atlantic where the overall volume of traffic is much lower 
and therefore will likely entail greater flexibility and less disruption under a satcom outage. 

 
48 The Organised Track System (OTS) in the North Atlantic airspace is a set of flexible daily published flight routes, established to 
manage the heavy flow of transatlantic flights between North America and Europe. The OTS is coordinated by ICAO, NATS (Shanwick 
OCA), and NAV CANADA (Gander OCA) in order to optimise safety, capacity, and fuel efficiency by aligning routes with fluctuations in 
weather and traffic volumes. Other, less congested oceanic airspaces use different route structures or ‘random’ routing systems. 
49 North Atlantic Systems Planning Group (NAT SPG), ICAO (2024). NAT Annual Safety Report. Available at: 
https://www2023.icao.int/EURNAT/EUR%20and%20NAT%20Documents/Forms/AllItems.aspx?RootFolder=%2FEURNAT%2FEUR%20an
d%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Safety%20Reports&FolderCTID=0x012000DAF95319EADD9946B510C5D7
B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D 
[accessed 6 October 2025]. 

https://www2023.icao.int/EURNAT/EUR%20and%20NAT%20Documents/Forms/AllItems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Safety%20Reports&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
https://www2023.icao.int/EURNAT/EUR%20and%20NAT%20Documents/Forms/AllItems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Safety%20Reports&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
https://www2023.icao.int/EURNAT/EUR%20and%20NAT%20Documents/Forms/AllItems.aspx?RootFolder=%2FEURNAT%2FEUR%20and%20NAT%20Documents%2FNAT%20Documents%2FNAT%20Safety%20Reports&FolderCTID=0x012000DAF95319EADD9946B510C5D7B595637D00AA5EB47B299B9A4BAD1968B24E18655C&View=%7BE414A939%2D5FB4%2D4CB9%2D9139%2D466754ED0FA9%7D
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Insight into the costs incurred by loss of satcom for ATM was gained through discussions with key 
air navigation service providers (ANSP), including AirNav Ireland, NATS (UK), NAV CANADA, and NAV 
Portugal. ANSPs are responsible for the management of geospatially defined flight information 
regions / OCA through which air traffic moves. NATS (air traffic control services) and AirNav Ireland 
(HF communications) manage Shanwick OCA, NAV CANADA manages Gander OCA, and NAV 
Portugal manages Santa Maria OCA. 

This analysis assumes an ‘average week’ of aviation activity, characterised by normal traffic volumes 
and the absence of major disruptions such as large-scale weather events. An ‘abnormal week’ would 
include severe weather already disrupting ATM or seasonal traffic peaks around the holidays or 
summer months. In both situations, a loss of satcom would have more severe impacts due to 
reduced flexibility in rerouting aircraft. 

Direct impact 

Despite the severity of this scenario and the acute implications for aviation safety, ANSPs are well 
practised in reacting to such disruption events. ANSPs respond to the short-lived loss of satcom or 
other key communication, surveillance, and navigation systems multiple times per year. While a 
seven-day satcom outage may be unprecedented, the immediate response to an outage will not be 
a novel experience for ANSPs. On-ground and en route delays over the outage period are certain 
with consequent costs to airlines and passengers. However, ANSPs will likely be able to limit the 
number of cancellations through the rerouting of aircraft to alternative flightpaths. This will also 
have cost implications for airlines and passengers. This section details how a loss of satcom would 
impact ATM and the subsequent costs to airlines and passengers from ESA MS and Canada. 

“The capacity will likely be there to manage the flow of aircraft, even without satcom. However, 
there will likely be losses to airlines in terms of time and fuel. With modern aircraft, it would not 
be a matter of can you get there without satcom but how efficiently you can get there.” 

Noel Dwyer, Director, ATS Standards, NAV CANADA 

“Without satcom, increased separation standards would have to be followed. From an air traffic 
management perspective, we would be able to accommodate the increased separation standards 
without cancellations, primarily through moving aircraft to different flight levels. However, this 
would likely incur a time and fuel penalty for the airline.” 

Anonymous ANSP 

In the event of a loss of satcom, aircraft would lose CPDLC, ADS-C, and space-based ADS-B capability. 
This would require aircraft to revert to HF communications over oceanic airspace and increase 
separation minima, dramatically reducing the capacity of optimal flightpaths.  

“If there is a satcom failure or outage, ATC have to default to larger separation standards. 
Separation standards are a hard law. With the volume of traffic, this increases the likelihood 
that fewer aircraft will be able to fly at their preferred or optimal flight profile.” 

Noel Dwyer, Director, ATS Standards, NAV CANADA 
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“Without satcom in oceanic airspace, aircrafts’ position reporting would have to be carried out 
over HF and air traffic control in the North Atlantic would have to revert to ten-minute separation 
standards (roughly 80NM). This would result in aircraft flying suboptimal routes or flight levels. 
Aircraft would still be able to complete their journeys, however, they may take longer and use 
more fuel.” 

Sean Patrick, General Manager, North Atlantic Communications Centre, AirNav Ireland 

Immediately, with the capacity of optimal flightpaths reduced, ANSPs would reroute traffic to 
alternative flightpaths to limit the disruption. All NAT ANSPs have the capability to reroute traffic to 
different flight levels. For Shanwick and Gander OCAs operating the OTS, the possibility to open new 
tracks (albeit now at lateral separation of 60NM) offers an additional opportunity for air traffic 
controllers to reroute traffic laterally. Typically, anywhere between two and 12 tracks will be open 
to eastbound and westbound traffic. Under the scenario of a seven-day satcom outage, the upper 
end of this range will likely be operational. While the satcom outage lasted, ANSPs would continue 
to direct aircraft to a broader range of flightpaths. While this rerouting maximises capacity in the 
air, there is a time and fuel penalty for any aircraft which do not receive their requested route.50 In 
Shanwick OCA, a little over a quarter of aircraft will not receive the exact flightpath they request on 
average throughout the year. Under this scenario, it is assumed that this rate of rerouting would 
double in the absence of satcom. It is assumed that the highest proportion of aircraft are moved to 
within 1,000ft of their requested flight level or within one degree laterally. Diminishingly smaller 
proportions are moved further away from their requested flightpath. For every 1,000ft or one 
degree of movement, a time penalty of 4% is applied to the period spent flying in oceanic airspace 
in the central scenario (varying between 2% and 6% in the low and high scenarios). An additional 
3.5% fuel penalty is assumed to be incurred for every 1,000ft of vertical rerouting.51 

In order to ensure the safety of ATM, additional measures may be implemented for certain 
airspaces. Given the volume of flights at peak times, NATS and NAV CANADA occasionally use 
regulations to cap the number of aircraft entering the airspace per hour. In the event of a total 
satcom outage without CPDLC, ADS-C, or space-based ADS-B, NATS suggested that a cap may be 
implemented for westbound traffic flows into Shanwick OCA. It is assumed that an equivalent cap 
will be implemented by NAV CANADA to manage eastbound traffic flows into Gander OCA. 

“Under a satcom outage, a regulation may be imposed that caps the flow of aircraft into the 
Shanwick OCA at peak times. This would help spread the workload and delay aircraft on the 
ground, but it is unlikely significant numbers of flights would be cancelled. In the initial outage 
period, a more punitive regulation may be imposed to ensure safety while operations adapt to the 
new constraints.” 

Jacob Young, Head of Oceanic Service, NATS 

 
50 This time and fuel penalty will be especially pronounced for rerouted traffic flying eastbound across the North Atlantic. Vertical and 
lateral movement will draw aircraft away from the jet stream, which provides strong tailwinds that substantially shorten journey times 
and lower fuel costs. 
51 This is calculated per 1,000ft based on a 7% figure for 2,000ft provided by NATS. NATS (2013). Ten Steps to Flight Efficiency. Available 
at: https://www.nats.aero/wp-content/uploads/2013/05/11001_NATS_Swatch-book_Online_Linked_240413_HS.pdf [accessed 6 
October 2025]. 

https://www.nats.aero/wp-content/uploads/2013/05/11001_NATS_Swatch-book_Online_Linked_240413_HS.pdf
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At peak times, NATS may see 130 westbound flights entering the Shanwick OCA per hour with a 
similar figure assumed for peak eastbound traffic entering the Gander OCA. Without satcom, an 
initial 24-hour tighter cap of 45 flights per hour is assumed to be enforced in the central scenario 
resulting in multi-hour delays to held flights and cancellations in order to prevent excess capacity 
snowballing. This cap is assumed to be 50 and 40 flights per hour for a duration of 12 and 36 hours 
in the low and high scenarios respectively. The cap is modelled to fall at the end of this initial period 
to 90 as ANSPs adapt to the new constraints. This less restrictive cap leads to continued multi-hour 
delays but does not necessitate cancellations. 

Disruption to ATM will likely continue a little beyond the seven-day satcom outage. Given the safety 
critical nature of satcom to ATM, aircraft and ANSPs may not depend upon a reestablished service 
immediately. In order to ensure CPDLC, ADS-C, and space-based ADS-B are all functioning to the 
necessary standard, a testing phase of half a day in the central scenario is assumed to extend the 
outage period as part of this analysis (one day under the high scenario and no testing phase under 
the low scenario). 

“We would want confirmation from our engineering teams that satcom services can be relied upon 
again. The last thing you want to do is switch it back on to realise it is still not operating correctly. 
We would likely take a cautious approach for the first few hours. Return to full functionality could 
take up to a day.” 

Jacob Young, Head of Oceanic Service, NATS 

As a result of the disruption caused by rerouting and caps, over 4,000 transatlantic flights from ESA 
MS and Canadian operators would be either cancelled or delayed. This brings a range of costs. For 
airlines in ESA MS and Canada, there are the additional crew, maintenance, passenger,52 and, most 
significantly, fuel costs associated with en route delays from reroutes to less efficient flightpaths. 
This totals €5.5m in the central scenario, ranging between €3.7m and €7.6m in the low and high 
scenarios. Additionally, a cap on the number of aircraft entering Shanwick and Gander OCAs would 
result in on-ground delays and cancellations. These costs tend to be weighted more heavily towards 
compensating passengers. In total across the outage period, in the central scenario (and low and 
high scenarios respectively), on-ground delay costs would be expected to reach €56.5m (ranging 
between €41.4m and €75.3m), while the cost of cancellations is estimated at €7.1m (ranging 
between €1.3m and €17.4m). Further detail on the applied methodologies for delayed and cancelled 
flights can be found in Section A2.2. 

Alongside costs to airlines, substantial impacts are felt by other parties. For passengers from ESA 
MS and Canada, there is the lost time as a result of delays and cancellations. Assuming passengers 
on cancelled flights are delayed by 24, 36, or 48 hours under the low, central, and high scenarios 
respectively, and assuming an average of 268 passengers per flight,53 over 2.2 million passenger 
hours of delay are experienced in the central scenario. Between the low and high scenarios, this 
ranges from 1.1 to 4.2 million passenger hours. Considering the costs of personal and business 

 
52 Compensation is only calculated for passengers who are not from an ESA MS or Canada. Compensation for passengers from ESA MS 
and Canada is considered a transfer with no net loss. 
53 Calculated using an average capacity of 321 for Air Canada’s long-haul fleet (Air Canada (2025). Our Fleet. Available at: 
https://www.aircanada.com/ca/en/aco/home/fly/onboard/fleet.html [accessed 6 October 2025]) and IATA estimates of an 83.5% 
average passenger load factor (IATA (2025). Passenger Demand Up 8.1% in November. Available at: 
https://www.iata.org/en/pressroom/2025-releases/2025-01-09-02/ [accessed 9 January 2025]). 

https://www.iata.org/en/pressroom/2025-releases/2025-01-09-02/
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passenger time (valued at €23 and €55 respectively54) and assuming a 12% share of business 
travellers55, this equates to €58.4m in the central scenario (ranging from €28.8m and €112.1m). 

Several other costs may exist but have not been monetised. The cost to ANSPs is assumed to be low 
relative to the other costs monetised. The key revenue sources for ANSPs, en route and approach 
charges, are not expected to be significantly impacted given cancellations are only occurring on the 
first day. There may be additional personnel costs as ANSPs use overtime and shift extensions to 
manage the additional load incurred by operating over HF. This is expected to be in the order of 
several thousands of Euros per day for each ANSP operating an OCA. Additionally, ANSPs may incur 
a financial penalty if services such as ADS-B are unavailable, although ANSPs may in turn request a 
refund from the relevant service provider. 

Costs to non-remote airports (i.e. those connected by terrestrial networks; see Section 4.2.5 for the 
impacts to remote airports) are assumed to be low relative to other monetised costs. Although the 
loss of satcom will entail significant disruption to ATM, the continued operation of the vast majority 
of flights (including transoceanic and continental flights) after the first day, means that revenues to 
airports from airlines (e.g. landing fees) are unlikely to shift dramatically. Certain costs may be 
incurred to manage disruption within the airport arising from cancellations and delays. However, 
these are also expected to be low comparably. Satcom may also offer non-remote airports a 
communications redundancy in the event that terrestrial communications are unavailable. 
However, given the low probability of this event occurring within the seven-day outage period, the 
cost of losing satcom redundancy is not considered. 

4.2.3 Operations control centres 

Airlines’ operations control centres (OCC) rely on satcom for the real-time management and 
monitoring of aircraft. This continuous connectivity enables airlines to maintain an element of 
command and control over the aircraft whilst in flight. Continuous data exchange allows for 
performance monitoring, weather updates, and route adjustments in aid of greater operational 
efficiency. Monitoring the performance of aircraft systems, such as engines, auxiliary power units, 
and brakes, helps airlines to respond earlier and more effectively to mechanical or systems failures 
and minimise the time that aircraft are unexpectedly grounded. Problems that occur within flight 
can be identified and communicated to ground maintenance infrastructure which can either seek 
to repair the issue as soon as the aircraft lands or more quickly source an alternative aircraft. More 
comprehensive predictive maintenance can also improve the anticipation of problems and the 
replacement of critical components before they fail. Weather updates and route adjustments can 
ensure that aircraft fly more efficiently, avoiding poor weather and taking advantage of 
opportunities to fly at more optimal altitudes or more direct routes. This saves time and fuel for the 
aircraft. 

Direct impacts 

The loss of satcom for seven days56 would severely inhibit the datalink communications and transfer 
of data between aircraft and OCCs. For the transfer of certain data, the costs of this may be limited. 

 
54 Inflation-adjusted passenger value of time. EUROCONTROL (2024). Standard Inputs for Economic Analysis, edition 10.0. Available at: 
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses [accessed 6 October 2025]. 
55 Inequality in Transport. Who Travels by Air? Available at: https://inequalityintransport.org.uk/exploring-transport-inequality/who-
travels-air [accessed 3 October 2025]. This estimate is conservative as the share of transatlantic air traffic that is business is thought to 
be higher than this. 
56 Unlike the safety-critical applications of satcom above, no recovery period to ensure satcom is working effectively is expected for this 
use case. Therefore, the disruption is expected to last for the seven days of satcom outage. 

https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses
https://inequalityintransport.org.uk/exploring-transport-inequality/who-travels-air
https://inequalityintransport.org.uk/exploring-transport-inequality/who-travels-air
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The loss of real-time data transfer is unlikely to have a significant cost in terms of scheduled base 
maintenance within seven days, for instance. However, loss of communication and data transfer 
capability in the event of unexpected mechanical or systems failures could lead to aircraft-on-
ground situations and cancellations or delays. The annual unscheduled maintenance cost reductions 
that satellite-connected aircraft could facilitate has been estimated conservatively between $1.4 bn 
and$7.1 bn globally.57 Taking the average of this range for the central scenario, and an estimated 
18.2% share of global flights for ESA MS and Canadian airlines (see Section A2.2 for calculation), the 
cost to airlines from ESA MS and Canada of unscheduled maintenance due to a loss of satcom over 
the seven-day period of disruption is estimated at €16.7m. This estimate ranges between €5.6m and 
€27.9m in the low and high scenarios. 

In addition to unscheduled maintenance, the cost of losing connectivity with the flightdeck for 
weather updates and route adjustments is assumed to increase flight times by 2% in the central 
scenario (1% and 3% under the low and high scenarios respectively). Using UK Civil Aviation 
Authority data58 to estimate an average flight time of 3.2 hours weighted across different passenger 
aircraft types, this results in an additional 8,400 hours of flight time for the 129,000 flights (see 
Section A2.2 for calculation) operated by airlines from ESA MS and Canada across the seven-day 
outage period. With a cost of en route delay at almost €86 per minute (for delays up to 30 
minutes),59 this additional flight time translates into a total cost of €43.2m to ESA MS and Canada 
airlines (ranging from €21.6m to €64.9m) in terms of additional crew, maintenance, passenger, and 
fuel costs. 

The loss in efficiency brought about by lack of connectivity with OCCs, as well as by the rerouting of 
aircraft for ATM, has implications for the environment as well. Increased flight times and fuel burn 
increase fuel consumption by an estimated 64.7m tonnes. Applying a CO2 emissions factor for jet 
fuel,60 204,000 tonnes of additional CO2 is emitted under the central scenario. This equates to 
106,000 and 303,000 tonnes of additional CO2 under the low and high scenarios respectively. Using 
the shadow cost of carbon in 2025 at €216 per tonne of CO2 equivalent,61 under the central scenario, 
a total cost of €44.1m (ranging from €22.9m to €65.4m) is estimated to society caused by the 
disrupted operations of airlines from ESA MS and Canada. 

4.2.4 In-flight connectivity 

In-flight connectivity (IFC) is a rapidly expanding application, allowing users to stay connected via Ka 
or Ku band satellite links while an aircraft is in flight. This allows passengers to browse, access the 
cloud, and send and receive calls, messages, and emails to stay productive while flying. For other 
passengers streaming video content, using social media, and gaming online ensures they remain 
entertained throughout their journey. Crew may also use satcom to enable real-time use of loyalty 
programmes, retail payment services, telemedicine in emergencies, air-to-ground communication 

 
57 Grous, A. / LSE (2018). Sky High Economics: Chapter Two: Evaluating the Economic Benefits of Connected Airline Operations. Available 
at: https://www.lse.ac.uk/business/consulting/reports/sky-high-economics-chapter-two [accessed 6 October 2025]. 
58 UK Civil Aviation Authority (2023). Table 1 11 2 Aircraft Type and Utilisation Individual Airlines 2023 (CSV document). Available at: 
https://www.caa.co.uk/data-and-analysis/uk-aviation-market/airlines/uk-airline-data/uk-airline-data-2023/annual-2023/ [accessed 6 
October 2025]. 
59 Inflation-adjusted cost of delay, also scaled down to exclude cost of compensating ESA MS and Canadian passengers, for whom this 
cost is considered a transfer from the airline. EUROCONTROL (2024). Standard Inputs for Economic Analysis, edition 10.0. Available at: 
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses [accessed 6 October 2025]. 
60 EUROCONTROL (2024). Standard Inputs for Economic Analysis, edition 10.0. Available at: 
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses [accessed 6 October 2025]. 
61 Inflation-adjusted shadow cost of carbon. “The shadow cost of carbon is the cost of carbon required to drive the economy to meet 
the 1.5°C global temperature target set by the Intergovernmental Panel on Climate Change (IPCC).” EUROCONTROL (2024). Standard 
Inputs for Economic Analysis, edition 10.0. Available at: https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-
economic-analyses [accessed 6 October 2025]. 

https://www.lse.ac.uk/business/consulting/reports/sky-high-economics-chapter-two
https://www.caa.co.uk/data-and-analysis/uk-aviation-market/airlines/uk-airline-data/uk-airline-data-2023/annual-2023/
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses
https://www.eurocontrol.int/publication/eurocontrol-standard-inputs-economic-analyses
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for reacting to unexpected events, and improvements to first contact resolution for passengers. This 
connectivity helps to enhance the passenger experience and opens up new revenue streams and 
cost-cutting measures for airlines. IFC is now becoming more widespread with expectations from 
passengers trending towards a desire for full, fast, and free connectivity into the 2030s. 

Direct impacts 

The loss of satcom is assumed to cease satellite-based IFC services across ESA MS and Canadian 
airline operators. Air-to-ground IFC infrastructure offers an alternative mode of connectivity over 
certain terrestrial airspaces of ESA MS and Canada, such as Viasat’s hybrid European Aviation 
Network or Gogo’s air-to-ground network.62 However, this analysis focuses on satellite-based IFC. 
Although hybrid satellite / air-to-ground networks exist, this analysis assumes that air-to-ground 
networks would be unable to compensate for the bandwidth lost by a satcom outage. 

The revenue opportunity for satellite-based IFC service providers to commercial and business 
aviation was estimated at $2.6 billion worldwide for 2023.63 It is assumed that ESA MS and Canadian 
airlines take a share of global IFC revenues equivalent to the estimated 18.2% of global flights they 
operate (see Section A2.2 for calculation). An estimated 24% of service revenues accrue to airlines.64 
Assuming 50% of passengers on transoceanic flights are not from ESA MS or Canada, and 25% on 
domestic flights and flights between ESA MS, airlines lose out on €0.5m by not selling IFC services 
to non-ESA MS and non-Canadian passengers. Loss of IFC for passengers from ESA MS and Canada 
is considered to have no net impact as the lost revenues for airlines are offset by these passengers’ 
savings from not purchasing IFC services. 

While the economic costs of satcom loss for IFC are limited, social impacts will manifest. The flight 
experience will be limited for certain passengers. This is especially true for business class and 
business aviation passengers who rely heavily on IFC to remain connected at critical times. Without 
connectivity, the patterns of business travel may shift for the duration of loss, generating knock-on 
impacts to the economic activities to which these passengers contribute. However, given the high 
uncertainty around how business travel patterns would shift, these costs are not quantified or 
monetised as part of this study. 

4.2.5 Remote airport infrastructure 

Satcom is able to provide connectivity to airport infrastructure in remote locations where terrestrial 
networks are unavailable. This is of particular significance to Canada, given the use of air 
transportation to connect many of the country’s remote communities. As of 2017, there were 117 
remote northern airports in Canada.65 For these communities, air transportation provides critical 
supply routes for food, medicine, and other essential goods as well as offering air travel for local 
inhabitants. In addition, these airports may facilitate medical emergency evacuations, the 
movement of healthcare and education professionals, and the servicing of remote enterprise 

 
62 Viasat. European Aviation Network. Available at: https://www.viasat.com/aviation/commercial-aviation/ean/; Gogo. Air-to-Ground 
Connectivity. Available at: https://www.gogoair.com/solutions/atg-network [accessed 6 October 2025]. 
63 NovaSpace (2025). Airlines Accelerate Transition to Advanced In-Flight Connectivity Amid Rising Demand. Available at: 
https://nova.space/press-release/airlines-accelerate-transition-to-advanced-in-flight-connectivity-amid-rising-demand/ [accessed 6 
October 2025]. 
64 Grous, A. / LSE (2017). Sky High Economics: Chapter One: Quantifying the commercial opportunities of passenger connectivity for the 
global airline industry. Available at: https://www.lse.ac.uk/business/consulting/reports/sky-high-economics [accessed 6 October 2025]. 
65 Office of the Auditor General of Canada / Transport Canada (2017). Report 6 — Civil Aviation Infrastructure in the North. Defines 
remote northern communities as those for which the only reliable year-round mode of transportation is by air, and remote northern 
airports as those serving such communities. 

https://www.viasat.com/aviation/commercial-aviation/ean/
https://www.gogoair.com/solutions/atg-network
https://nova.space/press-release/airlines-accelerate-transition-to-advanced-in-flight-connectivity-amid-rising-demand/
https://www.lse.ac.uk/business/consulting/reports/sky-high-economics
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operations, such as mining. Typically, remote airports will see three or four flights per day. Larger 
airports such as Iqaluit may see 20-30 flights per day and over 170,000 passengers per year.66 

Most remote airports in Canada primarily employ VHF to communicate with aircraft. Losing satcom 
may make it challenging to acquire up-to-date traffic and weather data remotely though, and there 
are proposals to expand the number of remote airports with satellite-dependent automatic weather 
stations. Currently, operations may be able to continue although they cannot be guaranteed. Under 
the scenario in which a remote airport must shut down, there are unlikely to be significant economic 
impacts.67 The volume of traffic transiting through these airports is low, and communities and 
businesses operating in these environments are well adapted to the multi-day denial of air services 
due to poor weather. As a result, the costs of a satcom outage have not been monetised for such 
airports. It is important to note, however, that the withdrawal of medical emergency evacuations, 
whether caused by a satcom outage or weather, could have serious consequences for individuals. 

Disruption to larger airports with more traffic, such as Iqaluit Airport in Nunavut, Canada, would see 
greater economic and societal impacts. However, Iqaluit Airport itself is not dependent on satcom 
and can access weather data via the local Environment Canada weather station independently. 
Satcom is used to provide internet access for day-to-day operations and communications within the 
airport. However, the airport could feasibly continue operating in the absence of satcom. While the 
impacts are being assessed given current dependency on satcom, it is worth noting that Iqaluit 
Airport is set to be connected by fibre optic in the next five years, further reducing any dependency 
on satcom as a primary means of communication. 

In Europe, even less dependency on satcom for airports exists. Rather it is used as a redundancy for 
when terrestrial networks are unavailable. Avinor (Norway’s ANSP) uses fibre provided by subsea 
cable to connect Svalbard Airport for ATM.68 Under Avinor’s Remote Towers programme, ATM at 
select airports is controlled remotely using networks with redundancy, involving the use of both 
fibre cables and radio transmissions.69 Fibre cables also provide connectivity to remote Scottish 
Islands as well.70 

4.2.6 Knock-on impacts to wider aviation capacity 

The disruption and delay to transatlantic flights outlined in Section 4.2.2 is likely to spill over into 
other aviation operations in Europe. Fifteen major European airports71 carry more than 70% of the 
transatlantic traffic to and from Europe.72 These airports represent national and continental hubs 
for international traffic, meaning a delay to inbound aircraft will either affect the timely departure 
of connecting flights, or result in the rebooking of connecting passengers. Additionally, as the 
airports that carry a major proportion of transatlantic flights are generally busy airports with limited 
availability of excess take-off and landing slots, disorder arising from the disruption to the 
transatlantic airspace is likely to manifest into delays to all the aircraft looking to take-off and land 
during the period the transatlantic airspace is congested, and flights are rerouted. The knock-on 

 
66 Input from engagement with industry stakeholders. 
67 Input from engagement with industry stakeholders. 
68 Space Norway. Fibre Optic Cables. Available at: https://spacenorway.com/infrastructure/subsea-fibre-cables/fibre-optic-cables/ 
[accessed 5 September 2025]. 
69 Kongsberg. The Technology of the Future at Norwegian Airports. Available at: 
https://www.kongsberg.com/newsroom/stories/2020/8/remote-towers/ [accessed 5 September 2025]. 
70 Shetland Telecom. Information, History. Available at: https://www.shetlandtele.com/info/history/ [accessed 5 September 2025]. 
71 London Heathrow, Amsterdam, Paris Charles de Gaulle, Madrid Barajas, Frankfurt, Barcelona, Rome Fiumicino, Munich, London 
Gatwick, Zürich, Lisbon, Milan Malpensa, Dublin, Paris Orly, Brussels. 
72 EUROCONTROL. STATFOR Interactive Dashboard; FlightConnections. Available at: https://www.eurocontrol.int/dashboard/statfor-
interactive-dashboard and https://www.flightconnections.com/ [accessed 11 September 2025]. 

https://spacenorway.com/infrastructure/subsea-fibre-cables/fibre-optic-cables/
https://www.kongsberg.com/newsroom/stories/2020/8/remote-towers/
https://www.shetlandtele.com/info/history/
https://www.eurocontrol.int/dashboard/statfor-interactive-dashboard
https://www.eurocontrol.int/dashboard/statfor-interactive-dashboard
https://www.flightconnections.com/
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effect in terms of flights carrying connecting passengers as well as other flights affected by the 
disorder in take-offs and landings is monetised at €63.8m in the central scenario. In this case, the 
average number of daily connecting flights that are disrupted is 25 across all airports, and the 
average delay for each aircraft disrupted by the disorder in the slots is between 20 and 30 minutes. 
This average delay affects all flights due to depart from an affected airport during the period of 
disruption. However, it is likely that the delay would be unevenly spread across affected aircraft as 
airlines could choose to reorder their own aircraft to allow them to meet curfew times at destination 
airports. In the low scenario, the disruption is valued at €32.1m and in the high case up to €143.3m. 

Aviation constitutes a critical component in the mass transportation of people and cargo both 
regionally and globally, carrying over 4.5 billion passengers per year73 and a third of world trade by 
value.74 As a result, significant disruption to the flow of air traffic around the world can have 
significant economic consequences for a wide range of industries, which rely on just-in-time supply 
chains and industries transporting perishable goods. Cargo operators generally spread their 
operations throughout the day more evenly than passenger airlines. 42% of all cargo flights fly 
during the night. This ensures reduced disruption from passenger traffic flows and enables overnight 
delivery. Nevertheless, an outage of satcom that results in initial cancellations and ongoing delays 
would have significant impacts on cargo operators, especially those operating across transoceanic 
airspaces. The hourly cost of cargo flight delays was estimated in 2018 to be between $8,000 and 
$38,000 with an average of $20,000 (providing inputs for the low, central, and high scenarios).75 
Assuming disruption to cargo flights follows similar patterns of disruption to passenger flights (while 
taking into consideration the time of day at which they are operating) a cost of €11.6m would be 
incurred across the estimated 344 transoceanic cargo flights operated by ESA MS and Canadian 
cargo over the disruption period (assumed to be half of the total number of transoceanic cargo 
flights to or from ESA MS or Canada).76 Assuming the above range for the hourly cost of cargo delay, 
as well as varying the level of disruption to cargo flights across scenarios given this is tied to 
disruption to passenger flights, the low and high scenarios yield a cost of €1.7m and €44.4m 
respectively. 

The knock-on impacts on the tourism sector from the disruption to aviation have not been 
monetised as part of this study. Most passenger flights are still able to reach their destination and, 
therefore, most tourists will still be able to carry out their journeys and planned vacation. For 
tourists booked on flights that are cancelled, those returning to their home country may have to 
stay abroad longer. For tourists leaving their home country, their arrival in their destination country 
will be delayed. The impact of these two groups on the tourism sector will, at least partially, offset 
each other. Nonetheless, there will be disruption to bookings and reservations, which may incur a 
cost to hotels and restaurants, for example. However, given the uncertainty and complexity in 
modelling how the impacts to aviation will feed through to the tourism sector, these costs have not 
been monetised. 

 
73 ICAO (2025). State of Global Aviation Safety: Safety Report 2025 Edition. Available at: https://www.icao.int/news/latest-icao-aviation-
safety-data-reveals-need-renewed-focus-despite-continuous-long-term [accessed 5 September 2025]. 
74 Aviation: Benefits Beyond Borders (2024). Global Summary. Available at: https://aviationbenefits.org/downloads/aviation-benefits-
beyond-borders-2024/ [accessed 11 September 2025]. 
75 Liu, Y., Yin, M., and Hansen, M. (2019). Economic Costs of Air Cargo Flight Delays Related to Late Package Deliveries. Transportation 
Research Part E: Logistics and Transportation Review, 125, 388–401. Available at: https://doi.org/10.1016/j.tre.2019.03.017 [accessed 8 
September 2025]. 
76 EUROCONTROL. STATFOR Interactive Dashboard; Cargo traffic - average daily flights. Available at: 
https://www.eurocontrol.int/dashboard/statfor-interactive-dashboard [accessed 11 September 2025]. 

https://www.icao.int/news/latest-icao-aviation-safety-data-reveals-need-renewed-focus-despite-continuous-long-term
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4.2.7 Future outlook 

Several developments may see the impact of a satcom outage shift in the future. 

The ESA Iris programme, in partnership with Viasat, will bring greater use of satellite-based datalink 
communications into continental European aviation. Iris is supporting the wider Single European Sky 
Air Traffic Management Research (SESAR) programme as a key communication link for the Future 
Communications Infrastructure. By enabling secure, high-capacity CPDLC via satellite, Iris reduces 
reliance on congested VHF channels and expands coverage beyond terrestrial networks. This means 
future ATM will rely more greatly on satcom for exchanging clearances, trajectory updates, and real-
time data sharing. With increased dependence upon satcom and growing traffic in Europe,77 the 
safe and efficient management of European airspaces at usual capacities will be severely hampered 
under a satcom outage. As of July 2025, more than 8,000 flights with Iris have been undertaken.78 

A number of service providers are looking at introducing VHF via satellite for Europe, including 
Aireon79 and Startical (a joint venture between ENAIRE and Indra).80 VHF via satellite enhances ATM 
by harmonising operational procedures for air traffic controllers in continental and oceanic 
airspaces, improving situational awareness for air traffic controllers, and increasing communication 
capacity and redundancy over oceanic airspaces. This will improve the safety of aircraft operations 
and enable more efficient routing, reducing fuel consumption and CO₂ emissions. Similarly to Iris, as 
dependency on the new technology grows in the future, its unexpected loss will likely lead to greater 
disruption to ATM. In June 2025, Startical completed the first ever real-time voice communication 
between an aircraft and ATC using VHF via satellite.81 Aireon is planning to launch up to 20 satellites 
in an equatorial orbit in the 2028 timeframe to support its own development of VHF via satellite.82 

Growth in the use of IFC services is being driven by increasing passenger demand and falling costs 
of satellite connectivity. The number of connected aircraft is expected to rise from 38,000 in 2023 
to over 60,000 in 2033.83 With this, capacity may increase twentyfold and service providers’ 
revenues may double, fuelled by the adoption of next-generation satellite services, such as Starlink 
and OneWeb. Under a future satcom outage, the cost to airlines would be much more substantial. 

As discussed in Section 4.2.1, the application of GADSS is currently limited. However, GADSS is 
expected to proliferate rapidly as international aviation authorities, aircraft manufacturers, and 
airlines adopt its standards, especially aboard new aircraft. With greater dependency upon satcom, 
a future loss of satcom would entail more serious implications for aviation safety. Any loss would 
reintroduce tracking gaps and delay search and rescue operations. Nevertheless, the likelihood of 
an aviation emergency necessitating use of GADSS during a seven-day period would remain low. 

 
77 EASA (2025). European Aviation Environmental Report 2025. Available at: 
https://www.easa.europa.eu/en/domains/environment/eaer/overview-aviation-sector/air-traffic. Growth in the number of flights is 
expected at 1.1% annually between 2025 and 2050 [accessed 5 September 2025]. 
78 ESA. IRIS – Satellite Communication for Air Traffic Management. Available at: https://connectivity.esa.int/iris-satellite-
communication-air-traffic-management/ [accessed 5 September 2025]. 
79 Aireon (2025). Aireon to Begin Next Phase of Space-Based VHF Deployment. Available at: https://aireon.com/aireon-to-begin-next-
phase-of-space-based-vhf-deployment/ [accessed 5 September 2025]. 
80 Startical. The Constellation. Available at: https://www.startical.com/en/ [accessed 5 September 2025]. 
81  CANSO (2025). Startical Achieves First-Ever VHF Voice Communication Between Pilot and Air Traffic Controller via Satellite. Available 
at: https://canso.org/startical-achieves-first-ever-vhf-voice-communication-between-pilot-and-air-traffic-controller-via-satellite/ 
[accessed 5 September 2025]. 
82 Aireon (2025). Aireon to Begin Next Phase of Space-Based VHF Deployment. Available at: https://aireon.com/aireon-to-begin-next-
phase-of-space-based-vhf-deployment/ [accessed 5 September 2025]. 
83  NovaSpace (2024). Airlines Accelerate Transition to Advanced In-Flight Connectivity Amid Rising Demand. Available at: 
https://nova.space/press-release/airlines-accelerate-transition-to-advanced-in-flight-connectivity-amid-rising-demand/ [accessed 5 
September 2025]. 
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https://canso.org/startical-achieves-first-ever-vhf-voice-communication-between-pilot-and-air-traffic-controller-via-satellite/
https://aireon.com/aireon-to-begin-next-phase-of-space-based-vhf-deployment/
https://aireon.com/aireon-to-begin-next-phase-of-space-based-vhf-deployment/
https://nova.space/press-release/airlines-accelerate-transition-to-advanced-in-flight-connectivity-amid-rising-demand/
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4.3 Consumer  
 

Consumers in Europe and Canada are primarily 
dependent on terrestrial services for 
connectivity. Terrestrial services include fixed 
broadband, mobile networks, and cable-based 
communications, which together provide the 
backbone of everyday digital access for 
households. The infrastructure for terrestrial 
networks is expensive to deploy, with coverage 
dependent on minimum population densities 
and geography. For this reason, there remain 
populations in remote and rural areas that rely 
heavily, and in some cases exclusively, on satcom 
services. For instance, for certain rural and 
remote regions in Canada, satellite is often the 
only viable solution to provide access to 
connectivity.84 (See Figure 3). In Europe, around 
900,000 rural households are without mobile 
coverage,85 highlighting that satellite internet 
services could serve as the sole alternative for 
many households across ESA Member States and 
Canada. 

The emergence of Low Earth Orbit (LEO) satellite constellations such as Starlink has brought 
higher speeds, lower latency, cheaper capacity, and more accessible user terminals. In some 
cases, satellite outperforms terrestrial alternatives, bridging connectivity gaps in underserved 
areas. Service disruption would have serious consequences for those dependent on satellite. A 
seven-day loss of satcom services would cause material disruption with consequences ranging 
from the loss of internet access to impacts on remote learning, telemedicine, working from home 
and safety-related communications. While the economic impact across wider sectors such as 
healthcare, education and public safety is limited by the relatively small user base, the social cost 
of digital isolation and loss of access to emergency services is disproportionately high.  

Total impacts for ESA MS and Canada are estimated at €262.8m in the central scenario and 
€352.7m in the high scenario. 

 
84 Office of the Auditor General of Canada (2023). Connectivity in Rural and Remote Areas: Independent Auditor’s Report. Available at: 
https://www.oag-bvg.gc.ca/internet/docs/parl_oag_202303_02_e.pdf [accessed 19 August 2025]. 
85 International Telecommunication Union (2022). Facts and Figures 2022 – Mobile Network Coverage. Available at: 
https://www.itu.int/itu-d/reports/statistics/2022/11/2EE4/ff22-mobile-network-coverage/ [accessed 19 August 2025]. 

https://www.oag-bvg.gc.ca/internet/docs/parl_oag_202303_02_e.pdf
https://www.itu.int/itu-d/reports/statistics/2022/11/2EE4/ff22-mobile-network-coverage/
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Figure 3 Distribution of broadband coverage and satellite-dependent communities in Canada 

 
Source: Innovation, Science and Economic Development Canada (2019) Available at: https://ised-isde.canada.ca/site/high-speed-
internet-canada/sites/default/files/attachments/ISEDC_19-170_Connectivity_Strategy_E_Web.pdf 

4.3.1 Scope 

Consumer covers direct-to-user satcom services in both routine and emergency context within ESA 
MS and Canada, for example households who depend on satcom for broadband, or emergency 
rescue services dependent on satcom-enabled communication for rescue operations. The impact on 
satellite network operators is addressed in Section 5. Dependence on satcom is greatest where 
terrestrial networks are unavailable or insufficient, such as in remote or rural areas.  

The satcom use cases defined for this sector include: 

 Fixed: connectivity for housing in remote areas without reliable terrestrial infrastructure. 

 Roaming: connectivity for private individuals on the move and on the pause (e.g. caravans, 
campervans, leisure yachts), especially in remote and maritime areas without reliable 
terrestrial infrastructure. 

 First generation satellite-enabled smartphone emergency messaging services: focuses on 
current first-generation services for smartphone users. These services provide limited 
functionality, restricted to emergency messaging via satellite, and are available only on a 
limited number of premium handsets (e.g. Apple’s Emergency-SOS service with 
GlobalStar). Adoption remains low, and their capabilities are confined to basic text-based 
emergency communication rather than full broadband services. Broader, second-
generation direct-to-device (D2D) services, which are expected to deliver significantly 
enhanced capabilities such as voice and data, are addressed separately in Section 4.3.5.  
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Not considered is community broadband86 which would be covered under the telecommunications 
sector, and live broadcasting is excluded, as it falls under the media sector – both of which were not 
selected for the scope of this study. 

4.3.2 Fixed satellite services  

Across many ESA MS and Canada, particularly in rural and mountainous regions, the last mile of 
terrestrial broadband access remains difficult to achieve due to the high cost and complexity of 
deploying infrastructure in low-density or geographically challenging areas. Terrestrial 
infrastructure also suffers from the challenging nature of remote connection, with increased 
distance from cell towers due to lower population density, and poor line-of-sight reducing coverage 
reliability. As a result, fixed-satellite services (FSS) often provide the most suitable primary source 
of connectivity in these locations. FSS deliver broadband internet directly to household via satellite, 
offering an alternative to terrestrial networks where fibre, cable, or mobile coverage is unavailable 
or unreliable.  

Though significant progress has been made, the digital divide persists across both Europe and 
Canada. According to the European Commission’s 2023 Digital Economy and Society Index 
(DESI),87approximately 9% of rural EU households still lack access to fixed broadband with download 
speeds of at least 100Mbps. Similarly, in Canada, especially across the remote and lower density 
northern territories, terrestrial broadband is limited. In 2019, only 45.6% of rural households had 
access to broadband services meeting the Canadian Radio-televisions and Telecommunications 
Commission’s (CRTC) universal service objective of 50Mbps download/10Mbps upload.88 

Policymakers have responded with targeted initiatives to address this connectivity gap. In Europe, 
the EU’s Digital Decade Policy Programme targets 100% broadband coverage by 2030. Meanwhile 
in Canada, the federal government is supporting satellite broadband expansion through 
programmes like the Universal Broadband Fund (UBF) and partnering with companies like Telesat 
and Starlink to extend coverage in underserved communities.89  

In this context, FSS users can be broadly divided into two groups: primary users, who are dependent 
on satellite connectivity in underserved areas, and backup users in well-served urban areas who 
adopt satellite services for resilience during terrestrial outages. In non-remote regions with strong 
terrestrial coverage, such as Germany's 5G mobile coverage which reaches over 98% of the 
population,90 the role of satellite is therefore mainly used as a contingency. Looking ahead, the 
emergence of Low Earth Orbit (LEO) constellations may further strengthen resilience, but today the 
loss of satcom in such areas is not considered critical.  

 
86 Although community broadband is not included in the scope, it is considered as a case study to highlight the dependency of satcom 
services in providing connectivity to rural communities.  
87 Eurostat (2023). Internet Access in Urban and Rural Areas. Available at: https://ec.europa.eu/eurostat/web/products-eurostat-
news/w/ddn-20241122-1 [accessed 18 August 2025]. 
88 Canadian Radio-television and Telecommunications Commission (2021). CRTC Broadband Fund to Introduce or Improve Internet 
Access Services and Mobile Wireless Services for 45 Communities in Five Provinces. Available at: https://www.canada.ca/en/radio-
television-telecommunications/news/2021/08/crtc-broadband-fund-to-introduce-or-improve-internet-access-services-and-mobile-
wireless-services-for-45-communities-in-five-provinces.html [accessed 18 August 2025]. 
89 Innovation, Science and Economic Development Canada (2020). Universal Broadband Fund and Telesat Low Earth Orbit Capacity 
Agreement. Available at: https://www.canada.ca/en/innovation-science-economic-development/news/2020/11/universal-broadband-
fund-and-telesat-low-earth-orbit-capacity-agreement.html [accessed 18 August 2025]. 
90 Deutsche Telekom. Satellite Communication: A Powerful Addition to Europe’s Digital Future. Available at: 
https://www.telekom.com/en/company/management-unplugged/details/satellite-communication-a-powerful-addition-to-europe-s-
digital-future-1093760. 

https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20241122-1
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20241122-1
https://www.canada.ca/en/radio-television-telecommunications/news/2021/08/crtc-broadband-fund-to-introduce-or-improve-internet-access-services-and-mobile-wireless-services-for-45-communities-in-five-provinces.html
https://www.canada.ca/en/radio-television-telecommunications/news/2021/08/crtc-broadband-fund-to-introduce-or-improve-internet-access-services-and-mobile-wireless-services-for-45-communities-in-five-provinces.html
https://www.canada.ca/en/radio-television-telecommunications/news/2021/08/crtc-broadband-fund-to-introduce-or-improve-internet-access-services-and-mobile-wireless-services-for-45-communities-in-five-provinces.html
https://www.canada.ca/en/innovation-science-economic-development/news/2020/11/universal-broadband-fund-and-telesat-low-earth-orbit-capacity-agreement.html
https://www.canada.ca/en/innovation-science-economic-development/news/2020/11/universal-broadband-fund-and-telesat-low-earth-orbit-capacity-agreement.html
https://www.telekom.com/en/company/management-unplugged/details/satellite-communication-a-powerful-addition-to-europe-s-digital-future-1093760
https://www.telekom.com/en/company/management-unplugged/details/satellite-communication-a-powerful-addition-to-europe-s-digital-future-1093760
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Direct impacts 

A sudden and sustained loss of satcom services would result in an immediate loss of internet 
connectivity for users in satellite-dependent remote communities. Assessing the impact of such a 
service disruption, requires recognising that internet access is no longer regarded as a luxury, but as 
a fundamental necessity for digital inclusion, access to services, and social participation.91  

“For many northern and remote communities in Canada, satellite provides the only means of 
connectivity – it is how households in these regions stay connected." 

Canadian Radio-television and Telecommunications Commission 

For fixed satellite service users, the impact of losing satcom connectivity is assessed using a 
proposed metric, the Value of Loss of Connectivity (VoLC), which is introduced in this study to 
quantify the importance of reliable internet for households. The concept adapts methods from the 
electricity sector, where the Value of Lost Load (VoLL) reflects what households are willing to pay to 
avoid power outages. In this analysis, the VoLC is directly proxied by VoLL, based on the rationale 
that internet access is increasingly regarded as an essential utility, powered by electricity, 
underpinning everyday life and economic activity.  

Affected users are defined as either primary or backup users. Primary users are typically located in 
remote areas where terrestrial networks are unavailable and therefore rely on fixed-satellite 
services as their main source of connectivity. While backup users are generally located in urban 
areas and use FSS to enhance network resilience or simply as a supplementary connection. 

To estimate the total impact on consumer welfare, the analysis first defines the VoLC as the 
monetary value households place on avoiding one hour without internet access. This represents a 
per-household, per-hour measure of the welfare cost of an outage. The total consumer welfare loss 
if then calculated by multiplying the number of households subscribed to Starlink services92 by the 
VoLC and by the estimated duration of effective outage hours. Three usage scenarios, low, central, 
and high, are used to capture variations in the average daily period of internet use per household:  

 Low scenario (4 hours/day): Based on the 2023 estimate of average household internet 
use reported by the UK Office of Communications (Ofcom), the national communications 
regulator. 

 Central scenario (6 hours/day): Reflects higher reliance among rural Starlink users, who 
often depend on connectivity for remote work, education, and access to critical services. 

 High scenario (8 hours/day): Represents heavy-use households where internet 
connectivity underpins most daily activities. 

For backup users, it is assumed that the VoLC is 10% of that of primary users, as their reliance on 
FSS is limited to redundancy or emergency use rather than their main connection.  

 
91 Government of Canada. Government of Canada on Track to Exceed High-Speed Internet Connectivity Targets. Available at: 
https://www.canada.ca/en/innovation-science-economic-development/news/2023/12/government-of-canada-on-track-to-exceed-
high-speed-internet-connectivity-targets.html. 
92 All estimates in this section are based on publicly available data for Starlink users. Equivalent data for other satellite service providers 
has not been identified. 

https://www.canada.ca/en/innovation-science-economic-development/news/2023/12/government-of-canada-on-track-to-exceed-high-speed-internet-connectivity-targets.html
https://www.canada.ca/en/innovation-science-economic-development/news/2023/12/government-of-canada-on-track-to-exceed-high-speed-internet-connectivity-targets.html
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Table 4 Monetised impacts for Consumer fixed satellite services 

Use case Geography  Impact  Description Units Low Central High  

Primary users of 
FSS 

ESA MS 

Lost consumer 
welfare 

The value to 
users of a loss of 
connectivity 

€M 

76.9 115.4 153.4 

Canada 92.3 138.4 184.6 

Backup users of 
FSS 

ESA MS 1.4 2.0 2.7 

Canada 1.6 2.4 3.3 

Use case total €M 172.2 258.2 344.0 
Source: LE analysis 

Based on the central scenario, the results indicate that primary users of FSS are affected the most 
by a seven-day satcom outage. The total value loss these users amounts to €253.8m, comprising 
€115.4m in Europe and €138.4m in Canada. This corresponds to approximately 2.15 million people, 
or around 935,000 households, left with no internet access. For backup users the estimated impact 
is €4.4m with €2.0m attributable to European users, and €2.4m to Canadian users. The total impact 
to consumer welfare across all users is estimated at €258.2m. 

Knock-on impacts 

There are also wider social costs associated with the loss of satcom for households in rural and 
remote areas where alternative options for internet access are limited. A disruption to satcom 
services would affect a range of everyday activities, potentially directly affecting a household’s 
access to remote work, online education, and digital platforms. For example, healthcare systems 
have become increasingly reliant on digital infrastructure to manage appointments and deliver 
virtual consultations, and satcom loss could limit the ability of remote households to engage in these 
services. This does not necessarily mean care would be inaccessible, but these outcomes can have 
implications both for the individual in terms of delay to care or added travel requirements, and for 
healthcare providers who may face additional administrative or financial pressures when 
appointments are missed or need to be rescheduled. 

“Canadian northern, remote and indigenous communities have been relying on satcom for 
decades, the loss of which will impose significant challenges in access to various essential 
education, healthcare, and government services, and even daily routines especially during 
emergencies." 

Dr. Jianping Pan – University of Victoria, British Columbia, Canada 
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Box 1 Case study 1: Community broadband in rural Canada  

Rural and remote areas in Canada, particularly in the North and First Nations regions, often face 
barriers to traditional broadband deployment due to sparse population density and challenging 
geography. Fibre and wired networks are typically not commercially viable in these areas, leaving 
many locations, and therefore households, underserved or entirely offline. 

In such cases, satellite broadband can offer a valid alternative, enabling rapid deployment of 
communication services to any location within the satellite footprint, and is recognised as a 
consistent, cost-effective solution where terrestrial infrastructure fails to reach. According to the 
Canadian Radio-television and Telecommunications Commission (CRTC), around 70 remote 
communities are dependent on satellite aggregation for broadband and essential digital 
services.93 As a result, community broadband initiatives have been deployed in northern 
territories, most notably in Nunavut where all 25 communities, with a total population of over 
40,000 people, remain satellite-dependent94 to reduce the digital divide faced by rural and 
indigenous communities. Many northern 
and indigenous communities rely on a 
community aggregator model, where 
satellite capacity is delivered to a central 
earth station and redistributed locally to 
households, businesses and institutions. 
Access to reliable internet for these local 
communities represents both economic 
opportunity and improved quality of life, 
through access to banking, education, 
work, and media. Importantly, satcom has 
made digital inclusion possible for 
households that would otherwise remain excluded, allowing residents to participate in the same 
digital services and opportunities available in urban areas.  

In 2016, the CRTC identified internet as a basic need,95 and in 2020 Pikangikum First Nation 
(Ontario) became the first Canadian community to deploy Starlink, facilitated by FSET.96 Within 
days of installation, the local health centre, school, and police detachment had reliable high-speed 
internet, recording speeds above 100Mbps. Local residents were trained to install and maintain 
the equipment, ensuring that the service was sustainable and community-led. Satcom services 
have enabled residents to carry out more activities virtually, reducing the need for travel to and 
from the community, and thereby cutting travel costs. As a result, communities are able to grow 
their local economies and exist without having to relocate, and can participate more fully in 
modern social, educational, and economic life. Additionally, another key dependency is financial 
infrastructure, particularly the operation of ATMs. The seven-day Anik F1 satellite failure in 2011 
illustrated both vulnerability and resilience. In Iqaluit, residents borrowed cash from neighbours 
to meet basic needs, while in Rankin Inlet bank staff continued serving trusted customers by 

Starlink satellite terminal installed on a residential rooftop in 
Pikangikum First Nation 

Source: FSET (2022) https://fset.inc/pikangikum-first-nation/ 

 
93 Canadian Radio-television and Telecommunications Commission (2023). Telecom Notice of Consultation CRTC 2023-89: Broadband 
Fund Policy Review. Available at: https://crtc.gc.ca/eng/archive/2023/2023-89.htm [accessed 2 September 2025]. 
94 Canadian Radio-television and Telecommunications Commission (2025). Telecom Regulatory Policy CRTC 2025-9: Telecommunications 
in the Far North. Available at: https://crtc.gc.ca/eng/archive/2023/2023-89.htm [accessed 2 September 2025]. 
95 CBC News (2016). Canada’s Telecom Regulator Declares Broadband Internet a Basic Service. Available at: 
https://www.cbc.ca/news/politics/crtc-internet-essential-service-1.3906664 [accessed 1 September 2025]. 
96 FSET Inc. (2022). How FSET’s Partnership with Pikangikum Was Built. Available at: https://fset.inc/pikangikum-first-nation/ [accessed 
2 September 2025]. 

https://crtc.gc.ca/eng/archive/2023/2023-89.htm
https://crtc.gc.ca/eng/archive/2023/2023-89.htm
https://www.cbc.ca/news/politics/crtc-internet-essential-service-1.3906664
https://fset.inc/pikangikum-first-nation/
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providing cash and accepting deposits on the basis of personal relationships, with accounts 
reconciled once service resumed.97 

The reliance on satellite broadband for communities like Pikangikum and Iqaluit, where 
alternative forms of connectivity are limited or non-existent, means that satcom disruption would 
leave households without access to internet, directly impacting wellbeing, public services, 
financial systems, and local resilience. 

4.3.3 Roaming users 

Private individuals engaging in mobile leisure activities such as travelling by caravan, campervan, or 
leisure yacht may want reliable internet access wherever they go. When travelling through rural, 
coastal, or remote regions, these users frequently move beyond terrestrial coverage and lose 
connectivity. Such roaming users rely on satellite services to stay connected for streaming, 
communicating with friends and family, and general online engagement while travelling. Starlink’s 
Roam service is designed for this market, offering mobile-friendly terminals, global coverage, and a 
flexible pay as you go model that allows users to “pause and un-pause service at any time”.98. 

Since services are assessed as non-critical in nature (primarily associated with convenience and 
leisure, rather than necessity) and used by a relatively small user basis, the resulting economic 
effects from satcom loss for roaming users are considered too small to quantify. 

4.3.4 First Generation satellite-enabled smartphone emergency messaging services 

Satellite-enabled smartphone emergency messaging services provide basic connectivity in remote 
areas where terrestrial mobile networks are unavailable. Unlike dedicated satellite phones 
(satphones), which are purpose-built to connect directly to satellite and offer full voice and data 
services, these services are integrated into ordinary consumer smartphones and are currently 
restricted to emergency functions such as SOS alerts, location sharing, and two-way text messages 
(e.g. Apple’s emergency-SOS messaging service via GlobalStar) due to link budget and spectrum 
limitations. 

In off-grid areas, this service is often the only available form of connectivity for people without 
dedicated satellite phones, providing a critical safety line. Recent devices such as Apple iPhone 
models 14 and above with Emergency SOS via satellite and select newer Androids equipped with 
Qualcomm’s Snapdragon Satellite solution can access this functionality, ensuring users can reach 
emergency services, such as mountain rescue, even without terrestrial coverage. As a result, 
emergency responders may also rely on satellite-enabled smartphone services to locate people in 
distress and coordinate rescue operations. The presence of a communication link improves survival 
rates and health outcomes by enabling timely intervention. 

A disruption to satcom services would therefore cut off the only SOS messaging channel available 
to these users in off-grid areas, increasing the risk of injuries worsening or fatalities occurring if 
emergency services cannot be contacted. Without satcom as the communication link, individuals 
would need to physically move to find terrestrial coverage, potentially delaying rescue and 
worsening outcomes. To capture these effects, the study examined the impact of a satcom outage 

 
97 Nunatsiaq News (2011). Telesat Canada Screw-Up Knocks Out Northern Telecoms. Available at: 
https://nunatsiaq.com/stories/article/65674telesat_canada_screw_up_knocks_out_northern_telcoms/ [accessed 4 September 2025]. 
98 Starlink (2025). Roam: High-Speed Internet on the Go. Available at: https://www.starlink.com/gb/roam?srsltid=AfmBOopxE2-
XkHbaWKwesaOjwX7WUy1GkXPbwqPtH294tSyvn2d7hf9Q [accessed 19 August 2025]. 

https://nunatsiaq.com/stories/article/65674telesat_canada_screw_up_knocks_out_northern_telcoms/
https://www.starlink.com/gb/roam?srsltid=AfmBOopxE2-XkHbaWKwesaOjwX7WUy1GkXPbwqPtH294tSyvn2d7hf9Q
https://www.starlink.com/gb/roam?srsltid=AfmBOopxE2-XkHbaWKwesaOjwX7WUy1GkXPbwqPtH294tSyvn2d7hf9Q
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on mountain rescue operations in remote, mountainous, or otherwise very-hard-to-reach 
environments. 

Direct impacts 

Mountain rescue organisations in Europe and Canada provide critical emergency response 
capabilities across diverse and challenging natural environments. Their primary role is to respond to 
callouts from individuals engaged in outdoor activities such as hiking, skiing, mountaineering and 
mountain biking who have suffered accidents or become stranded in remote or hazardous terrain. 
In such cases, the injured parties are often unable to self-treat or return unaided to populated areas 
where medical assistance is available, necessitating specialist intervention. 

Terrestrial mobile “not-spots” are likely to remain in remote and mountainous regions. Since the 
nascent introduction of satellite-enabled SOS functionality in specific Apple iPhones and Androids, 
injured individuals now have an alternative means of requesting emergency assistance where 
terrestrial coverage is absent. To measure the impact of this service going offline the following 
approach was taken: 

 Incident baseline: the starting point for this analysis was to identify the annual volume of 
mountain rescue incidents across Europe and Canada. While no single centralised search 
and rescue database was identified, incident data from selected mountain regions (Swiss 
Alps, Italian Dolomites, French and Austrian mountains) was used for Europe. These areas 
report roughly 19,000 incidents per year. For Canada, incident figures are drawn only from 
mountainous national parks in Alberta and British Columbia99 and are scaled solely to the 
combined land area of those parks.100 Scaling by the proportion of relevant mountainous 
land area across Europe and Canada produces an estimated 128,000 incidents annually for 
both regions. 

 Coverage considerations: A large proportion of incidents can already be addressed by 
terrestrial networks in Europe,101 while it remains limited in many of Canada’s national 
parks. To estimate the share of incidents addressable by emergency-SOS enabled 
smartphones,102 scenario analysis is applied based on terrestrial coverage assumptions and 
varying levels of satcom-enabled smartphone penetration to provide a low, central and 
high scenario across both regions: 

 Low scenario: Terrestrial networks are assumed to cover 95% of relevant landmass in 
Europe and 65% in Canada, leaving 5% and 35% respectively dependent on non-
terrestrial networks. Across the unserved area, satcom-enabled smartphone 
penetration is assumed at 6%. 

 Central scenario: Terrestrial networks are assumed to cover 87.5% of relevant 
landmass in Europe and 55% in Canada, leaving 12.5% and 45% respectively dependent 
on non-terrestrial networks. Across the unserved area, satcom-enabled smartphone 
penetration is assumed at 10%. 

 
99 Parks Canada (2025). About Parks Canada’s Mountain National Parks. Available at: https://parks.canada.ca/pn-
np/mtn/securiteenmontagne-mountainsafety/programme-program/pnmontagnes-mtnparks [accessed 3 October 2025) 
100 Estimates exclude mountainous terrain outside national parks and mountain regions in other provinces or territories, therefore may 
not fully represent all mountain rescue activity in Canada. 
101 A study in the Austrian Alps found that 77.1% of fall-related emergencies were reported via mobile phone (Source). 
102 Satellite-enable SOS-emergency messaging is not considered as an alternative option for those users with terrestrial coverage, as it is 
only enabled when the user is out of terrestrial coverage. It is therefore considered a critical primary function for the proportion of 
incidents that fall in areas with no terrestrial coverage. 

https://parks.canada.ca/pn-np/mtn/securiteenmontagne-mountainsafety/programme-program/pnmontagnes-mtnparks
https://parks.canada.ca/pn-np/mtn/securiteenmontagne-mountainsafety/programme-program/pnmontagnes-mtnparks


4 | Sector results 

 

 

London Economics - The economic impact of a loss of satcom  38 
 

 High scenario: Terrestrial networks are assumed to cover 80% of relevant landmass in 
Europe and 45% in Canada, leaving 20% and 55% respectively dependent on non-
terrestrial networks. Across the unserved area, satcom-enabled smartphone 
penetration is assumed at 15%. 

 Incident severity and scope: Each incident was then assigned a severity rating, and the 
share of cases where satcom could support emergency contact was judged on feasibility. 
Data from Mountain Rescue England & Wales indicates 42% uninjured, 38% minor injuries, 
and 18% serious injuries and 2% fatal. These proportions were applied to the “in-scope” 
total of incidents in Europe where terrestrial coverage is absent. For Canada, corresponding 
proportions of 6% uninjured, 30% minor, 55% serious, and 9% fatal were applied.103 

 Outcome worsening adjustment: Not every missed intervention will necessarily result in 
severe harm or death, but the risk rises when no contact can be made. To adjust for this, a 
“worsening outcome” factor was applied. Evidence from the U.S. National Park Service 
suggests that without search and rescue intervention, around 20% of callouts could have 
ended in fatalities.104 This benchmark was therefore used to estimate the additional risk of 
injury severity or loss of life in the absence of satcom access. 

 Valuation methodology: To monetise the impact, costs were calculated using the Value of 
Statistical life (VoSL) and Value of Statistical Injury (VoSI). According to the 2019 Handbook 
on the External Costs of Transport,105 a statistical life is valued at €3.6m (2016), with injuries 
valued at 13% (serious) and 1% (slight) of that figure. Adjustments were made to reflect 
the higher average age of hiking fatalities (58.8 years),106 producing an adjusted VSL of 
€2.3m, which was further uplifted by real GDP per capita growth in Europe to capture 
future productivity effects. Using this approach, the societal cost of disrupted emergency 
satcom services for mountain rescue operations was estimated. 

The results indicate that the societal cost of satcom loss for mountain rescue operations is estimated 
to be between €1.5m and €8.3m. In areas without terrestrial networks, reduced communication 
ability could disrupt distress signals and hinder rescue coordination. Satcom provides a critical safety 
net in such environments, ensuring that communication remains possible when terrestrial networks 
are unavailable. As a dependable backup, it enables rescue teams to coordinate effectively, and 
respond quickly, helping maintain safety in otherwise unreachable areas.  

4.3.5 Future outlook 

Several developments are reshaping consumers’ exposure to satcom outages.  

The growing deployment of LEO constellations, such as Starlink, Amazon Kuiper, Telesat Lightspeed, 
and OneWeb, are expanding coverage to deliver broadband access in underserved areas. 
Governments and regulators are continuing to pursue varied strategies to close the digital divide, 
ranging from region-specific subsidies and pricing models for direct-to-household satellite services, 
to partnerships between national telecom providers and LEO operators.107 These initiatives are 

 
103 Revelstoke Review (2023). More than 1,700 people saved by the B.C search and rescue in 2022. Available at: 
https://www.revelstokereview.com/news/more-than-1700-people-saved-by-b-c-search-and-rescue-in-2022-4539804 [accessed 4 
September 2025] 
104 Heggie, T.W. and Amundson, M.E. (2009). Dead Men Walking: Search and Rescue in U.S. National Parks. Wilderness & Environmental 
Medicine, 20(3), pp. 244–249. 
105 European Commission (2019). Handbook on the External Costs of Transport. Publications Office of the European Union, Luxembourg. 
106 Gasser, B. (2019). Half of Emergency Calls in Hikers Are Injuries from Falls in 50–70 Year-Olds. Deutsche Zeitschrift für Sportmedizin, 
70(9), pp. 209–214. 
107 Analysys Mason (2025). Low-Earth Orbit Satellites Let You Connect Anywhere, Anytime, with Anyone. Available at: 
https://www.analysysmason.com/consulting/articles/leo-satellite-connection/ [accessed 4 September 2025]. 

https://www.revelstokereview.com/news/more-than-1700-people-saved-by-b-c-search-and-rescue-in-2022-4539804
https://www.analysysmason.com/consulting/articles/leo-satellite-connection/
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deepening reliance on satellite infrastructure as both a complement to, and backup for, terrestrial 
networks. 

Direct-to-device (D2D) satellite connectivity is also transitioning from early-stage, first-generation 
services into second generation that will deliver broadband capabilities including voice, data, and 
potentially streaming. Even at this early stage, first-generation smartphone-based D2D services, 
such as emergency messaging over satellite, are already providing critical connectivity in areas 
without coverage. The loss of these capabilities during a satcom outage would have immediate 
human and operational impacts, and in the future this will only increase. Next generation services, 
supported by ongoing constellations deployments and evolving spectrum frameworks, are expected 
to achieve mass-market reach and much higher device integration. Analyst forecasts suggest the 
satellite D2D connectivity market could grow to $15bn by 2033, while direct-to-phone services could 
connect nearly 425 million monthly users by 2033,108 representing around 7% of today’s 5.8 billion 
unique mobile subscribers.109 As adoption expands, D2D connectivity will become an increasingly 
integral part of everyday communications, strengthening overall network resilience but also 
increasing the potential impact of any service disruption. 

This growth is enabled through partnerships between mobile network operators, chipmakers, and 
satellite providers.110 For example Vodafone is partnering with AST SpaceMobile to establish 
“SatCo”, a joint venture that will deliver satellite-based D2D services across Europe from 2026,111 
integrating terrestrial and non-terrestrial networks for a more secure and resilient broadband 
infrastructure. Lynk Global, in partnership with SES, is scaling D2D services for government, 
operators, and automotive customers, enabling applications ranging from emergency response to 
in-vehicle connectivity.112 While T-Mobile, in partnership with Space X’s Starlink plans to expand its 
satellite-to-cell network to include full data services from Q4 2025 to all users of compatible 
smartphones in the US.113 Moreover, SpaceX has since acquired global rights to 2 GHz spectrum 
from Echostar and is seeking FCC authority to launch dedicated satellites to provide more capable 
“direct-to-cell” services.114 

Meanwhile, Viasat and Space42 have launched Equatys,115 a joint venture designed to deliver global 
D2D services by leveraging harmonised Mobile Satellite Services (MSS) spectrum across more than 
160 markets and adopting a neutral ‘space-tower’ infrastructure model with shared space and 
ground non-terrestrial network (NTN) infrastructure. In parallel, the creation of the Mobile Satellite 

 
108 NovaSpace (2024). Direct-to-Device Satellite Services Drive the Next Wave of Global Connectivity. Available at: 
https://nova.space/press-release/direct-to-device-satellite-services-drive-the-next-wave-of-global-connectivity/ [accessed 19 
September 2025]. 
109 GSMA (2025). Latest global data. Available at: 
https://www.gsma.com/#:~:text=Latest%20global%20data,Growth%2C%20year%20on%20year [accessed 6 October 2025] 
110 Wiggin LLP (2025). Direct-to-Device Satellite Connectivity Outlook for 2025. Available at: 
https://www.wiggin.co.uk/app/uploads/2025/04/Direct-to-device-satellite-connectivity-outlook-for-20255610688.3.pdf [accessed 20 
August 2025]. 
111 ViaSatellite (2025). Vodafone and AST SpaceMobile European Joint Venture ‘SatCo’ Plans D2D Offering in 2026. Available at: 
https://www.satellitetoday.com/connectivity/2025/06/30/vodafone-and-ast-spacemobile-european-joint-venture-satco-plans-d2d-
offering-in-2026/ [accessed 4 September 2025]. 
112https://www.ses.com/press-release/ses-and-lynk-global-announce-strategic-partnership-direct-device-d2d-services SES.com (2025). 
SES and Lynk Global Announce Strategic Partnership for Direct-to-Device (D2D) Services. Available at: https://www.ses.com/press-
release/ses-and-lynk-global-announce-strategic-partnership-direct-device-d2d-services [accessed 11 September 2025]. 
113 Capacitymedia.com (2025). T-Mobile to Introduce Satellite Data Service in October Backed by Starlink. Available at: 
https://www.capacitymedia.com/article-t-mobile-to-introduce-satellite-data-service [accessed 11 September 2025]. 
114https://www.fierce-network.com/wireless/spacex-talks-about-what-it-wants-do-its-new-2-ghz-spectrum Fierce-Network.com (2025). 
SpaceX Talks About What It Wants to Do with Its New 2 GHz Spectrum. Available at: https://www.fierce-network.com/wireless/spacex-
talks-about-what-it-wants-do-its-new-2-ghz-spectrum.[accessed 27 September 2025] 
115 Viasat (2025). Space42 and Viasat launch Equatys venture with access to world’s largest coordinated spectrum block for global direct 
to device services. Available at: https://www.viasat.com/news/latest-news/corporate/2025/space42-viasat-launch-equatys [accessed 27 
September 2025] 

https://nova.space/press-release/direct-to-device-satellite-services-drive-the-next-wave-of-global-connectivity/
https://www.gsma.com/#:~:text=Latest%20global%20data,Growth%2C%20year%20on%20year
https://www.wiggin.co.uk/app/uploads/2025/04/Direct-to-device-satellite-connectivity-outlook-for-20255610688.3.pdf
https://www.satellitetoday.com/connectivity/2025/06/30/vodafone-and-ast-spacemobile-european-joint-venture-satco-plans-d2d-offering-in-2026/
https://www.satellitetoday.com/connectivity/2025/06/30/vodafone-and-ast-spacemobile-european-joint-venture-satco-plans-d2d-offering-in-2026/
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Services Association (MSSA) by leading operators and ecosystem players highlights the industry’s 
commitment to spectrum coordination, interoperability, and standards development for D2D and 
wider NTNs. Together, these initiatives signal a strategic shift towards collaborative models aimed 
at accelerating adoption, expanding coverage, and strengthening the resilience of future D2D 
services. 

Regulators are also adapting to these changes. The UK regulator Ofcom launched a consultation in 
March 2025 on authorising satellite-based services over existing mobile spectrum (below 3GHz), 
exploring options like license exemptions, MNO spectrum variations, or special “terminal licenses” 
for D2D. This highlights how spectrum sharing and allocation are becoming central to enabling these 
new use cases. As regulatory, commercial, and technological progress continues, D2D connectivity 
is positioned to play an increasingly important role alongside terrestrial networks. 

While terrestrial infrastructure remains robust in Europe and Canada, satellite connectivity provides 
an effective solution for last-mile access, closing rural coverage gaps, and providing critical 
redundancy where terrestrial networks fail. Together, these developments signal a shift toward 
more integrated, interdependent connectivity infrastructures, enhancing resilience and inclusion, 
but also increasing the potential impact of satcom outages on consumers. 
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4.4 Energy 

Satcom is a critical enabler of reliable operations 
and staff wellbeing across the energy sector. 
While many onshore facilities and well-connected 
offshore installations rely on terrestrial networks, 
satcom provides essential connectivity and 
redundancy in remote or mobile environments, 
supporting operational coordination, emergency 
response, and real-time monitoring. Across oil and 
gas, offshore wind, renewable energy, nuclear 
generation, electricity transmission, and energy 
trading, the reliance on satcom varies. For mobile 
or remote offshore operations, satcom often 
serves as the primary communication channel, 
while for fixed installations and onshore facilities 
it functions as a reliable backup, complementing 
terrestrial networks to ensure operational 
continuity. 

Total impacts for ESA MS and Canada are estimated at €73.9m in the central scenario and €89.9m 
in the high scenario. 

4.4.1 Scope 

The energy industry can be split into different categories and their reliance on satcom is dependent 
on the activities carried out and the type of facilities necessary to fulfil these activities, as detailed 
in the table below. 

Table 5 Categories of energy and corresponding facilities  

Type Activity Description Facilities 

Oil & Gas 

Exploration 
Finding crude oil and natural gas from 
the ground or seabed. 

Offshore drilling rigs 

Production 
Extracting and refining crude oil and 
natural gas from the ground or 
seabed. 

Offshore fixed platforms 

Transportation 
Transportation and storage of crude 
oil and natural gas. 

Pipelines  
Compressor and pumping 
stations 

Distribution 
Distribution and sale of crude oil and 
natural gas. 

Retail fuel stations 
Storage and distribution hubs 

Electricity 

Generation Producing electrical power. Power plants 

Transmission and 
distribution 

Transporting electricity from 
generation plants through 
transmission lines to distribution 
networks and to end users. 

Transmission towers and lines 
Electrical substations 

Renewable Generation 
Generating energy from renewable 
sources such as wind, solar, 
geothermal, and hydro. 

Wind turbines (offshore and 
onshore) 
Solar farms  
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Type Activity Description Facilities 

Nuclear Generation 
Generating electricity through nuclear 
fission in controlled environments. 

Nuclear power plants 

Energy Trading markets 
Buying and selling energy 
commodities. 

Trading floors 
Data centres and offices 

Source: London Economics analysis with inputs from Get Global Group, ECE Consulting, and International Energy Agency 

4.4.2 Oil and gas 

Across many ESA MS, the domestic oil and gas industry represents a cornerstone of energy supply, 
particularly in Norway, the United Kingdom, Denmark, and the Netherlands, where offshore 
reserves in the North Sea are of strategic economic importance. In 2023, Norway was the largest 
crude oil producer in Europe at 1.54 million barrels per day (mmbpd), followed by the UK at 0.62 
mmbpd.116 Norway also became Europe’s largest supplier of pipeline gas following Russia’s invasion 
of Ukraine in February 2022, and by 2024 was providing over 33% of all EU gas imports.117 Globally, 
Norway produces roughly 2% of total oil output, underlining its importance as both a European and 
international energy supplier.118 The UK’s oil and gas industry is also highly significant. In 2022/2023, 
the sector contributed over £20bn to the UK economy and supported more than 200,000skilled jobs 
across the country, anchored by offshore activity.119 

For the exploration of oil and gas, offshore drilling rigs are central. These installations are often 
located far beyond the reach of terrestrial broadband or mobile networks. Satcom may provide a 
means of connectivity that can enable data transfer, operational monitoring, and emergency 
communications. For production, offshore fixed platforms similarly may utilise satcom. Platforms 
require continuous monitoring, real-time coordination with onshore command centres, and safety-
critical communications, including emergency response. Transportation of oil and gas, particularly 
maritime shipping of crude oil and LNG, is addressed in the maritime section of this study (see 
Section 4.1) and is therefore not duplicated here. Pipeline transportation is assumed to not rely on 
satcom for efficient operation. At the level of distribution, such as retail fuel stations and storage 
hubs, terrestrial broadband and cellular networks are sufficient, and the loss of satcom would have 
minimal impact. In these cases, satcom plays at most a contingency role.  

Direct impacts 

Investigations into the role of satcom in the North Sea oil and gas sector highlight a nuanced picture 
of its criticality. Fibre optic networks now cover as much as 70% of the North Sea, significantly 
strengthening the resilience of offshore operations.120 For many fixed platforms, this has shifted 
satcom into a contingency role, providing essential backup capacity rather than serving as the 
primary channel for communications. Importantly, satcom’s role as a backup remains highly 
valuable as it guarantees redundancy and ensures that operations can continue safely in the event 
of fibre interruptions. Stakeholder discussions revealed that platforms built or refurbished since 
2000 are now routinely equipped with fibre optic connections as standard. In parallel, providers are 
rolling out offshore 4G LTE networks to extend coverage and enable roaming at sea. However, even 

 
116 Offshore-Technology.com (n.d.). Top Ten Crude Oil Producing Fields in Europe. Available at: https://www.offshore-
technology.com/data-insights/top-ten-crude-oil-producing-fields-in-europe/ [accessed 2 September 2025]. 
117 Council of the European Union (n.d.). Where Does the EU’s Gas Come From? Available at: 
https://www.consilium.europa.eu/en/infographics/where-does-the-eu-s-gas-come-from/ [accessed 2 September 2025]. 
118 Reuters (2025). Norway Oil Industry Investment Set to Peak in 2025, Survey Finds. 14 August 2025. Available at: 
https://www.reuters.com/business/energy/norway-oil-industry-investment-set-peak-2025-survey-finds-2025-08-14/ [accessed 2 
September 2025]. 
119 Offshore Energies UK (n.d.). Home – Offshore Energies UK. Available at: https://oeuk.org.uk/ [accessed 2 September 2025]. 
120 Input from engagement with industry stakeholders. 
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with fibre and LTE in place, industry practice is clear that offshore assets should never rely on a 
single communication method. At least two systems are considered essential, and satellite is 
consistently included, particularly now complemented by new Low Earth orbit (LEO) solutions being 
integrated into operators’ portfolios. 

“Since the turn of the century, fibre optic based solutions have been present on most fixed oil and 
gas assets in the North Sea. Alongside microwave point-to-point, these are the primary methods 
of communication. However, most of our customers have a satellite option in parallel as a last 
resort back-up.” 

Tampnet – Fibre optic provider  

For the exploration rigs, which are mobile and not permanently connected to fibre infrastructure, 
satcom continues to serve as the primary means of connectivity for those not covered by alternative 
wireless services. These operations may rely on robust satellite links for data transfer, crew welfare 
services, and emergency communications, making satcom indispensable for safe and efficient 
exploration in offshore environments. This capability has transformed offshore work. A large 
network of experts scattered across countries can simultaneously monitor and evaluate live data 
streams from a remote platform, eliminating the need for many costly visits and onsite 
deployments. The results indicate that the overwhelming majority of monetised impact is linked to 
lost revenue from paused rig operations, €70.8m (up to €86m), with standby costs making up the 
remainder of the total, €3.1m (up to €3.8m). 

Table 6 Monetised impacts for Energy  

Use case Impact Description Units Low Central High 

Oil & Gas 
Lost 
revenue 

Lost revenue due to the halting of 
rig operations 

€M 55.5 70.8 86.0 

Oil & Gas 
Standby 
costs 

Costs due to rig remaining 'warm' 
during operational standby 

€M 2.4 3.1 3.8 

Sector total €M 57.9 73.9 89.8 

Source: London Economics analysis 

To quantify the impact of lost revenue, the annual total value added figure for services related to 
the extraction of crude oil and natural gas in Norway was first obtained.121 This figure was scaled to 
represent all ESA MS, weighted by the number of floating rigs per state.122 The value was then 
adjusted to reflect the seven-day satcom outage period. To account for infrastructure differences, 
the 30% of the North Sea not covered by wireless access to fibre optic networks was applied, 
ensuring that monetised impacts were only attributed to rigs reliant on satcom as the primary 
means of communication and therefore required to cease operations. For the remaining 70% of rigs 
with fibre optic coverage, it was assumed that ongoing projects would continue without 
interruption, while projects scheduled to commence during the outage could be delayed due to the 
absence of a backup system. A proportion of 7/50 (14%) of this 70% was therefore monetised and 

 
121 Statistics Norway (Statistisk sentralbyrå) (n.d.). Olje- og Gassutvinning og Utvinningstjenester. Available at: 
https://www.ssb.no/energi-og-industri/olje-og-gass/statistikk/olje-og-gassutvinning-og-utvinningstjenester [accessed 2 September 
2025]. 
122 Baker Hughes (n.d.). Worldwide Rig Count (International Rig Count). Available at: https://rigcount.bakerhughes.com/intl-rig-count 
[accessed 2 September 2025]. 

https://www.ssb.no/energi-og-industri/olje-og-gass/statistikk/olje-og-gassutvinning-og-utvinningstjenester
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incorporated into the total, resulting in the final figure for the lost revenue attributable to satcom 
loss. 

To quantify the impact of standby costs, the average daily cost of warm stacking was identified. 
Under warm stacking conditions, a minimal crew remains on board, keeping the rig in standby mode 
and ready for redeployment at short notice.123 This cost was multiplied by the number of rigs in each 
ESA MS. The same adjustment for the 30% of rigs outside fibre coverage, along with the fractional 
consideration for the remaining 70% that may have experienced project delays, was then applied. 
This produced the final monetised estimate of standby costs due to satcom loss. 

To ensure that any ambiguity in data collection is accounted for, scenario analysis was carried out 
to capture potential variations in fibre optic coverage. 

Scenario analysis 

 Low scenario: Fibre optic coverage over all exploration rigs in scope is 80%. Satcom reliance 
is assumed for the remaining 20%.  

 Central scenario: Fibre optic coverage over all exploration rigs in scope is 70%. Satcom 
reliance is assumed for the remaining 30%.  

 High scenario: Fibre optic coverage over all exploration rigs in scope is 60%. Satcom 
reliance is assumed for the remaining 40%.  

Knock-on impacts 

Reliable satellite communications play a crucial role in maintaining the social wellbeing of staff on 
floating oil rigs. For personnel working in remote offshore locations, the ability to communicate with 
family, friends, and support networks onshore is essential for mental health and overall morale. The 
risks of disconnection are well-documented, and offshore workers are 15 times more likely to die 
by suicide than those on land, while 40% report experiencing suicidal thoughts during their 
careers.124 These challenges are compounded by the demanding conditions of offshore life, such as 
long rotations, confined living spaces, and physically strenuous work. Moreover, research shows 
that in the offshore oil and gas sector, around one in five workers suffer from clinical levels of 
psychological distress, including anxiety, depression, or substance misuse.125 A study of offshore 
wind workers highlights the need for connection, with 23% expressing that they primarily want more 
frequent contact with family while away.126 

Against this backdrop, the ability to connect with loved ones becomes a vital emotional support 
mechanism. A loss of satcom would limit or completely sever these personal connections, amplifying 
feelings of isolation, loneliness, and stress. Since crews would be unaware of the duration and cause 
of the communication outage while it is occurring, this uncertainty could heighten the feelings of 

 
123 Aggreko (2020). How Cold Stacking Can Help Save Money for Inactive Oil Rigs. Available at: https://www.aggreko.com/en-
us/news/2020/nam-articles/oil-and-gas/how-cold-stacking-can-help-save-money-for-inactive-oil-rigs [accessed 2 September 2025]. 
124 The Guardian (2025). Offshore Worker Robbie Robson Was Bludgeoned to Death on an Oil Rig: Was It a Random Attack or Does the 
Industry Have Questions to Answer? Published 15 February 2025. Available at: 
https://www.theguardian.com/business/2025/feb/15/offshore-worker-robbie-robson-was-bludgeoned-to-death-on-an-oil-rig-was-it-a-
random-attack-or-does-the-industry-have-questions-to-answer [accessed 2 September 2025]. 
125 Health4wind (2025). The Isolation Equation: How Distance from Shore Multiplies Mental Health Risks? Published 3 July 2025. 
Available at: https://www.health4wind.com/blog/the-isolation-equation-how-distance-from-shore-multiplies-mental-health-risks 
[accessed 2 September 2025]. 
126 Health4wind (2025). The Isolation Equation: How Distance from Shore Multiplies Mental Health Risks? Published 3 July 2025. 
Available at: https://www.health4wind.com/blog/the-isolation-equation-how-distance-from-shore-multiplies-mental-health-risks 
[accessed 2 September 2025]. 
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distress and anxiety even further. For exploration rigs, which often operate in areas without 
alternative infrastructure, the impact may be especially acute, as satcom is the primary channel for 
personal communication. Even on fixed platforms with fibre or LTE connections, satcom serves as a 
critical backup, ensuring that ties with family and friends can be maintained during emergencies or 
outages, and providing peace of mind to the crew, 40% of which cite safety concerns as a major 
source of stress, helping safeguard not only operational resilience but also the wellbeing of the 
team.127 

4.4.3 Renewable 

For onshore renewable energy sites, including wind farms, solar farms, and geothermal facilities, 
terrestrial networks likely serve as the primary source of communication. Operational systems, 
monitoring, and coordination are typically maintained through fibre or cellular networks, meaning 
that a satcom outage would have minimal to no effect on day-to-day operations. In 2022, a satcom 
outage affected remote monitoring and control of approximately 5,800 Enercon wind turbines in 
central Europe.128 While the turbines continued operating safely in automatic mode and grid 
stability was not impacted, the incident highlighted a lack of backup communication systems in 
some installations. This remains the only known case in the past decade in Europe and Canada 
where onshore wind turbine operations were disrupted significantly by a satcom outage. Since then, 
manufacturers like Enercon have developed LTE-based retrofit packages and publicly encouraged 
the installation of terrestrial communication networks for both existing and new projects to mitigate 
this on-off event.129 As a result, a loss of satellite connectivity today is not expected to have the 
same operational impact.  

In the case of offshore wind farms, subsea fibre optic cables integrated in the export cable is 
standard, providing connectivity for both communication and telemetry applications. Because these 
systems are reliably supported by fibre optic, it was found that the loss of satcom would not 
significantly disrupt operational or monitoring activities.  

“Wind farms always have an export cable with a fibre optic segment tube for communications to 
shore, inside the power cable. It is a small additional cost to add fibre optic so you would be crazy 
not to. We haven’t yet seen one without fibre connectivity back to shore.” 

Tampnet – Fibre optic provider 

Across the renewable energy sector, therefore, it is concluded that satcom outages would have a 
negligible impact on operational performance. While satellite connectivity may still provide a 
supplementary or backup channel, especially for offshore operations in emergency scenarios, its 
absence would not materially affect the functionality or safety of onshore or offshore renewable 
energy facilities. This assessment does not take into account offshore wind operations owned by 

 
127 JL Executive Recruitment (2024). Mental Health in the Wind Industry. Published 14 May 2024. Available at: 
https://www.jler.co.uk/sustainable-recruitment/mental-health-and-the-offshore-wind-industry/ [accessed 2 September 2025]. 
128 Reuters (2022). Satellite Outage Knocks Out Control of Enercon Wind Turbines. Available at: 
https://www.reuters.com/business/energy/satellite-outage-knocks-out-control-enercon-wind-turbines-2022-02-28/ [accessed 10 
September 2025]. 
129 Windfair (2022). Enercon: Satellite Communication Converter Disrupted – LTE-Based Retrofit to Restore Remote Monitoring. Available 
at: https://w3.windfair.net/wind-energy/pr/40316-enercon-wind-turbine-wind-farm-satellite-communication-converter-disruption-
remote-monitoring-scada-ka-sat-russia-ukraine-europe-access [accessed 10 September 2025]. 
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European or Canadian energy companies located in other parts of the world where terrestrial or 
fibre-based communication infrastructure may not be readily available. 

4.4.4 Remaining use cases 

An evaluation was conducted for electricity generation and transmission facilities, nuclear power 
plants, and energy trading markets across ESA MS. For these sectors, it was determined that the 
location and infrastructure of the facilities ensure reliable connectivity via terrestrial networks, 
including fibre optic and wireless systems. Moreover, concerns about data sovereignty have led to 
regulatory and technical safeguards in many jurisdictions,130 which are particularly relevant to the 
extremely sensitive data that is transmitted through electricity facilities, and is likely to form a 
barrier to widespread adoption of satcom as a primary method of communication in this use case. 
Based on this assessment, it was concluded that loss of satcom would not materially affect 
operations in these sectors.  

4.4.5 Future outlook 

Several ESA MS have started mapping clear pathways toward reducing fossil fuel dependence in line 
with climate neutrality and net-zero goals. Norway, for example, has committed to cutting 
greenhouse gas emissions by 90-95% from 1990 levels by 2050, a target formalised in its Long-Term 
Strategy (LTS) submitted to the UNFCCC.131 While this goal works towards international climate 
objectives, Norway has not yet formally adopted a binding net-zero pledge. In December 2020, the 
Danish parliament voted to end all oil and gas extraction by 2050, directly linking the decision to its 
wider plan to achieve climate neutrality that same year.132 This makes Denmark the first significant 
oil-producing country in the world to set a fixed end-date for fossil fuel extraction, marking a 
symbolic and practical shift away from hydrocarbons. The UK has also embedded its energy 
transition within the framework of its 2050 net-zero target. The North Sea Transition Authority 
(NSTA) has emphasised that of the £100bn in North Sea investment expected, roughly half will go 
into low-carbon solutions, such as carbon capture and storage (CCS) and offshore wind (including 
floating wind).133 These commitments are central to the UK’s broader strategy to decarbonise while 
maintaining energy security. 

As these national commitments drive the deployment of low-carbon technologies and the 
expansion of offshore wind energy infrastructure, the operational connectivity of offshore sites is 
evolving as well. Fibre optic cables are the standard for fixed platforms, providing reliable, high-
bandwidth communication that supports real-time monitoring, automation, and data-intensive 
operations. At the same time, satcom continues to play a crucial and complementary role, ensuring 
redundancy, flexibility, and global coverage, particularly for mobile installations. Satcom remains a 
vital pillar of offshore connectivity, working hand-in-hand with fibre optic networks to deliver 
resilient, secure, and efficient communications across Europe’s expanding offshore energy 
landscape. 

 
130 Barton, R., Henry, J. and Marquez, R. (2022). Data Sovereignty and Data Residency Communications Involving Low Earth Orbit 
Satellites. Published 3 October 2022. Available at: https://www.tdcommons.org/dpubs_series/5267/ [accessed 6 October 2025]. 
131 Climate Action Tracker (n.d.). Net-Zero Targets – Norway. Available at: https://climateactiontracker.org/countries/norway/net-zero-
targets/ [accessed 2 September 2025]. 
132 ScienceDirect (n.d.). Abandoning Fossil Fuel Production: What Can Be Learned from the Danish Phase-Out of Oil and Gas? Available 
at: https://www.sciencedirect.com/science/article/pii/S2214629623002712 [accessed 2 September 2025]. 
133 BBC News (2025). Net-Zero 'Not a Platitude' for Oil and Gas Sector – Regulator. Available at: 
https://www.bbc.co.uk/news/articles/cy08rdye476o [accessed 2 September 2025]. 

https://www.tdcommons.org/dpubs_series/5267/
https://climateactiontracker.org/countries/norway/net-zero-targets/
https://climateactiontracker.org/countries/norway/net-zero-targets/
https://www.sciencedirect.com/science/article/pii/S2214629623002712
https://www.bbc.co.uk/news/articles/cy08rdye476o
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4.5 Payments 

The payments sectors in Europe and Canada rely 
predominantly on terrestrial networks for connectivity. 
Broadband, legacy copper, mobile infrastructure, and subsea 
cables together provide the critical connectivity for 
automated teller machines (ATMs) and point-of-sale (POS) 
terminals, enabling the day-to-day operation of retail and 
banking services. Terrestrial coverage is robust and resilient in 
nearly all circumstances, with satellite connectivity used only 
in exceptional cases such as very remote areas.134,135 

In Europe, satcom are used only in a limited number of 
isolated ATM and POS cases, where any disruption would 
have minimal or indirect impact. The choice of specific 
technology, including whether to use satcom for ATM and 
POS terminals, is left to financial market authorities and 

critical service providers. In practice, the role of satcom remains limited at present, though this 
may evolve in future (see Section 4.5.4). Similarly in Canada, no evidence exists of widespread 
satcom use in payment systems. The main exception is a community aggregator model in some 
rural and northern regions, where payment terminals connect locally and are then backhauled 
over satellite (see Box 1).136 

Nonetheless, existing resilience frameworks – established by central banks, regulators, and 
private card networks – are technology-agnostic and designed to ensure continuity of service 
even in case of outage of general communication services. While these frameworks do not 
explicitly address satcom, any loss of satcom would theoretically fall within their broader scope 
as a sub-case of general communications loss. 

4.5.1 Scope 

This section considers the limited use of satcom for POS and ATM terminals. The overall level of 
dependence is extremely low, as terrestrial networks provide the main channel for payment 
connectivity across both Europe and Canada. Satcom is relevant only in exceptional circumstances, 
such as in very remote locations or community backhaul models, and outages would not trigger 
systemic disruption, though small, localised impacts may occur. 

Defined use cases include: 

 POS terminals in areas without adequate terrestrial connectivity. 

 ATMs in isolated communities where transaction data are aggregated locally and then 
backhauled via satellite. 

 
134 Input from engagement with industry stakeholders.  
135 Eutelsat (2023). 6 Industry Use Cases for Satellite. Available at: https://www.eutelsat.com/en/blog/6-industry-use-cases-for-
satellite.html [accessed 4 September 2025]. 
136 CRTC (2015). Satellite Inquiry: Community Aggregator Model. Canadian Radio-television and Telecommunications Commission. 
Available at: https://crtc.gc.ca/eng/publications/reports/rp150409/rp150409.htm [accessed 4 September 2025]. 

https://www.eutelsat.com/en/blog/6-industry-use-cases-for-satellite.html
https://www.eutelsat.com/en/blog/6-industry-use-cases-for-satellite.html
https://crtc.gc.ca/eng/publications/reports/rp150409/rp150409.htm
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The study combined desk-based research with stakeholder engagement. The research reviewed key 
payment resilience frameworks in Europe and Canada, including the ECB’s PISA framework,137 the 
EU’s Digital Operational Resilience Act (DORA),138 and Canada’s Retail Payments Activities Act 
(RPAA)139, to establish the regulatory context. This was complemented by 13 consultations with 
central banks, card networks, and ATM operators, which provided critical insights into the 
environments and use cases where satcom is employed in ATM and POS networks. 

4.5.2 ATMs  

In Europe and Canada, ATMs are almost universally connected via terrestrial infrastructure, 
supported by the widespread availability and reliability of public-switched telephone networks, 
broadband, and mobile networks. Consequently, there is no systemic dependence on satcom. 
However, one area that could be affected is the supporting activities for ATMs, such as dispatch, 
loading and unloading, and cash delivery, where communication between vehicles and control 
centres may rely on satcom links to mitigate against potential not-spots on the road. However, the 
recent blackout of the Iberian electricity grid (resulting in loss of terrestrial connectivity and 
consequent tracking information) was not reported to have any impact on the replenishment of 
ATMs. 

Moreover, ATMs are not serviced daily; many are refilled weekly or even less often, so shortages of 
cash or unresolved technical faults would accumulate gradually. Satcom therefore does not play a 
critical role in ATM operations, and any disruption would have only a limited impact. 

4.5.3 POS Terminals  

For POS terminals, there is no evidence of systemic reliance on satcom.  

In Europe, the use of satellite communications has been limited to niche or specialist applications. 
A notable example is the UK National Lottery, where retail terminals were previously connected via 
VSAT (Very Small Aperture Terminal) satellite links supplied by Hughes.140 This approach is now 
largely obsolete, as the system has since migrated to a terrestrial network operated by Vodafone. 
141,142 This shift illustrates how limited a role satcom has played in mainstream payment systems in 
Europe.  

The POS ecosystem depends on terrestrial networks, and technology-agnostic resilience is already 
reinforced by central banks, regulators, card schemes, and EU-level frameworks such as DORA 
(Digital Operational Resilience Act) and the European Central Bank’s (ECB) oversight 

 
137 European Central Bank (n.d.). Eurosystem Oversight Framework for Electronic Payment Instruments, Schemes and Arrangements 
(PISA Framework). Available at: https://www.ecb.europa.eu/paym/pdf/consultations/ecb.PISApublicconsultation202111_1.en.pdf. 
138 European Parliament and Council of the European Union (2022). Regulation (EU) 2022/2554 on Digital Operational Resilience for the 
Financial Sector (Digital Operational Resilience Act – DORA). Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32022R2554 [accessed 26 September 2025]. 
139 Parliament of Canada (2021). Retail Payment Activities Act (S.C. 2021, c. 23, s. 179) – Canada Retail Payments Activities Act (RPAA). 
Available at: https://laws-lois.justice.gc.ca/eng/acts/R-7.36/ [accessed 26 September 2025]. 
140 Hughes (2017). Lottery Systems over VSAT: Camelot Case Study. Hughes Network Systems. Available at: 
https://www.hughes.com/sites/hughes.com/files/2017-04/Lottery-System_H55667_HR.pdf [accessed 4 September 2025]. 
141 (2025). Allwyn Announces Biggest Tech Upgrade to The National Lottery Since 1994 This Coming Weekend. Available at: 
https://www.allwyn.co.uk/insights/allwyn-announces-biggest-tech-upgrade-to-the-national-lottery-since-1994-this-coming-weekend 
[accessed 4 September 2025]. 
142 LotteryUSA (2025). Decommissioned Satellite Causes Lottery Shortages in the UK. LotteryUSA News. Available at: 
https://www.lotteryusa.com/news/decommissioned-satellite-causes-lottery-shortages-uk [accessed 4 September 2025]. 

https://www.ecb.europa.eu/paym/pdf/consultations/ecb.PISApublicconsultation202111_1.en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32022R2554
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32022R2554
https://laws-lois.justice.gc.ca/eng/acts/R-7.36/
https://www.hughes.com/sites/hughes.com/files/2017-04/Lottery-System_H55667_HR.pdf
https://www.allwyn.co.uk/insights/allwyn-announces-biggest-tech-upgrade-to-the-national-lottery-since-1994-this-coming-weekend
https://www.lotteryusa.com/news/decommissioned-satellite-causes-lottery-shortages-uk
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arrangements.143,144 If satcom were disrupted, the same contingencies that cover terrestrial outages 
would apply, limiting the effect of disruption. 

Fallback mechanisms are well established. Mastercard permits offline chip transactions up to €200 
per transaction in its Europe region rules,145 while Visa supports deferred authorisation, allowing 
transactions to be securely queued locally and processed once a connection is restored.146 These 
measures are widely recognised by central banks and payment regulators as core to payments 
resilience, and they function irrespective of the underlying connectivity. Regulation further 
strengthens this baseline: under PSD2 (Payment Services Directive 2), Article 12 exempts 
unattended payment terminals such as those used for transport fares or parking from strong 
customer authentication requirements, ensuring continuity for low-value, low-risk transactions.147 

National initiatives add an additional layer of protection. In Finland, Sweden, Denmark, Norway, and 
Estonia, authorities have announced coordinated plans to implement an offline card payment 
backup system by 2026, designed to maintain essential retail transactions for up to seven days in 
the event of major communication outages.148 

In addition, where a bank providing critical services hosts key systems or data abroad, regulations 
require it to ensure the reliability of payment services via alternative communication channels.149 
Satcom is one such option, though it is used infrequently in Europe. Both offline payment solutions 
and alternative channels aim to ensure service continuity during disruptions. The inclusion of an 
additional communication path through satcom can provide another layer of resilience. Frameworks 
such as DORA and PISA do not explicitly mention satellite communications, leaving the choice of 
technology to critical service providers. Central banks remain open to considering its potential role 
in strengthening resilience in the future. 

4.5.4 Future outlook  

Low Earth Orbit (LEO) satellite constellations today typically deliver round-trip latencies in the range 
of 25-60 milliseconds,150 with next-generation systems targeting under 20 milliseconds. For 
comparison, Mastercard’s published performance targets for its Send APIs - the system-to-system 
interfaces used to process certain types of payments - show that 90% of requests are completed in 
under two seconds.151 While this relates to API-based transactions rather than every card 

 
143  European Union (2022). Regulation (EU) 2022/2554 of the European Parliament and of the Council of 14 December 2022 on Digital 
Operational Resilience for the Financial Sector and Amending Regulations (EC) No 1060/2009, (EU) No 648/2012, (EU) No 600/2014, 
(EU) No 909/2014 and (EU) 2016/1011. Official Journal of the European Union, L333, 27 December. Available at: https://eur-
lex.europa.eu/eli/reg/2022/2554/oj [accessed 5 September 2025]. 
144 European Banking Authority (EBA) (n.d.). Operational Resilience. Available at: https://www.eba.europa.eu/regulation-and-
policy/operational-resilience [accessed 5 September 2025]. 
145 Mastercard (2020). Transaction Processing Rules – Europe Region. Available at: 
https://www.mastercard.us/content/dam/public/mastercardcom/na/global-site/documents/transaction-processing-rules.pdf 
[accessed 4 September 2025]. 
146 Visa Europe (2025). Visa Europe Operating Regulations. Available at: https://www.visaeurope.com/dam/VCOM/download/about-
visa/visa-europe-operating-regulations.pdf [accessed 4 September 2025]. 
147 European Commission (2018). Commission Delegated Regulation (EU) 2018/389 (PSD2 RTS), Article 12. Available at: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018R0389 [accessed 4 September 2025]. 
148 Reuters (2025). Nordics and Estonia Plan Offline Card Payment Back-Up If Internet Cut. 7 May 2025. Available at: 
https://www.reuters.com/business/finance/nordics-estonia-plan-offline-card-payment-back-up-if-internet-cut-2025-05-07/ [accessed 4 
September 2025]. 
149 Eesti Pank (2025). Emergency Act. Available at: https://www.riigiteataja.ee/en/eli/510062025005/consolide [accessed 7.October 
2025]. 
150 SpaceX (n.d.). Starlink Latency. Available at: https://www.starlink.com/public-files/StarlinkLatency.pdf [accessed 26 September 
2025]. 
151 Mastercard (n.d.). Mastercard Send Disbursements – API Basics. Available at: https://developer.mastercard.com/mastercard-send-
disbursements/documentation/api-basics/ [accessed 26 September 2025]. 

https://eur-lex.europa.eu/eli/reg/2022/2554/oj
https://eur-lex.europa.eu/eli/reg/2022/2554/oj
https://www.eba.europa.eu/regulation-and-policy/operational-resilience
https://www.eba.europa.eu/regulation-and-policy/operational-resilience
https://www.mastercard.us/content/dam/public/mastercardcom/na/global-site/documents/transaction-processing-rules.pdf
https://www.visaeurope.com/dam/VCOM/download/about-visa/visa-europe-operating-regulations.pdf
https://www.visaeurope.com/dam/VCOM/download/about-visa/visa-europe-operating-regulations.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018R0389
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018R0389
https://www.reuters.com/business/finance/nordics-estonia-plan-offline-card-payment-back-up-if-internet-cut-2025-05-07/
https://www.riigiteataja.ee/en/eli/510062025005/consolide?utm_source=chatgpt.com
https://www.starlink.com/public-files/StarlinkLatency.pdf
https://developer.mastercard.com/mastercard-send-disbursements/documentation/api-basics/
https://developer.mastercard.com/mastercard-send-disbursements/documentation/api-basics/
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authorisation, it provides a useful benchmark for the type of latency that would need to be achieved 
for satellite connectivity to be considered as an alternative communication channel. In this context, 
LEO systems could, in theory, meet such requirements for supporting POS and ATM transactions in 
contingency scenarios, although factors such as jitter, handover delays, and end-to-end congestion 
remain important considerations - particularly for interbank server connectivity. 

Looking ahead, satellite communication (satcom) performance is expected to continue improving, 
driven by advancements in inter-satellite links and ground infrastructure. These developments are 
likely to further reduce latency and enhance overall reliability. Central banks and regulatory 
authorities are actively monitoring these technological trends to evaluate if and how satcom could 
strengthen operational resilience frameworks within the financial sector. 

“Some of the payment service providers in Estonia are developing solutions that will use satellite 
connectivity to ensure the operation of vital payment services in the event that the main 
communication channels of submarine cables and terrestrial cables cease functioning. These 
developments have been made possible by the recently passed amendment to the Emergency 
Act152, which allows service providers offering vital services to relocate their data or equipment in 
full to a foreign country, and so means the payment service providers can ensure the continuity of 
their vital service by duplicate means and by using alternative technological communication 
solutions.” 

Eesti Pank – Central Bank 

This underscores the growing potential of satcom to serve as a critical component of future financial 
infrastructure. Importantly, satcom should be regarded as a complementary capability rather than 
a replacement for existing fallback measures, which address a broader range of risks, including 
cyberattacks and IT system failures. The future role of satcom within point-of-sale (POS) and 
automated teller machine (ATM) networks will therefore depend on the specific resilience 
objectives being pursued and the extent to which satellite connectivity can be effectively integrated 
with established safeguards and contingency arrangements. 

5 Satellite operators 

As part of the study, it is important to understand the potential costs faced by satellite operators, 
who are responsible for maintaining service availability under contractual agreements with their 
customers. While end users are the ones who directly experience a loss of connectivity during an 
outage, it is typically the operators who bear the financial and reputational risk when service goes 
down.  

In the event of a seven-day satcom outage, operators could face large costs from paying penalties 
under Service Level Agreements (SLAs). Based on these service commitments, it is estimated that 
direct cost to operators153 would be €54.5m. In practice, a scenario where there is a global satcom 
outage, operators may be covered by force majeure rules, which could remove operator liability.  

 
152 Eesti Pank (2025). Emergency Act. Available at: https://www.riigiteataja.ee/en/eli/510062025005/consolide [accessed 7 October 
2025]. 
153 European and Canadian operators included are SES-Intelsat, Eutelsat OneWeb, Hispasat, Hellas Sat, Telesat and Avanti. This number 
is a high-level estimate that assumes all operators face the same penalties for downtime. 

https://www.riigiteataja.ee/en/eli/510062025005/consolide?utm_source=chatgpt.com
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6 Summary of results  

The central estimate of the total monetised impacts from satcom loss across the five selected 
sectors today is estimated at €10.2bn. Sensitivity analysis suggests that economic impacts could be 
as high as €20.0bn.  

Central estimates of loss vary significantly by use case: 

 Maritime: Total monetised impacts estimated at €9.6bn. Driven by impacts of loss of 
Global Maritime Distress and Safety System (GMDSS) and vessel connectivity affecting 
maritime safety and ship-to-shore communication (€1.8bn), and additional impacts on 
supply-chain logistics (€7.8bn). 

 Aviation: Total monetised impacts estimated at €307.6m, largely due to Air Traffic 
Management (ATM) disruptions (€171.7m), loss of capacity at hubs (€63.8m), increased 
maintenance and loss of operational efficiency to airlines (€60.0m), cargo delay costs for 
operators and customers (€11.6m), and some loss of In-Flight Connectivity (IFC) revenues 
(€0.5m) to airlines. 

 Consumer: Total monetised impacts estimated at €262.8m. Impacts are associated with 
consumer welfare loss from lost fixed satellite services (FSS) (€258.3m), and loss of 
emergency services to satellite-enabled smartphones (€4.5m).  

 Energy: Total monetised impacts estimated at €73.9m, due to lost revenues and standby 
costs for rig halting operations in the oil & gas sector. 

 Payments: No measurable economic impact was found for the payments sector, although 
use of satcom for POS and ATMs was identified in a few cases in rural Canda. 

The significant disruption to the maritime sector suggests significant wider disruption across critical 
supply-chains, including manufacturing, energy, food, and retail, across ESA Member States and 
Canada. Losses are expected to increase as future dependence on satcom increases. 

These results are summarised in Figure 4 and Table 7 below.  

Figure 4 Summary of results across sectors 

 
Note: no monetised impacts were recorded for payments due to research and stakeholder consultations suggesting almost entire 
reliance on terrestrial network. However, some evidence exists for impacts in rural areas, which have been reported on qualitatively in 
the report in Section 4.5. 

Source: London Economics 
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Table 7 Summary of results across use cases 

Use Case Description  Units Low Central High 

Maritime 

Global Maritime Distress 
and Safety System 
(GMDSS) and Vessel 
Connectivity (VC) 

Loss of GVA in maritime transport and 
warehousing due to a lack of vessel 
connectivity and inoperability of the 
GMDSS 

€M 969 1,810 3,500 

Domestic Disruption to flow of supply chains €M 3,880 7,770 15,540 

Sector total €M 4,850 9,580 19,040 

Aviation 

Air Traffic Management 
(ATM) 

Cost of cancellations, reroutes, delays, 
and carbon emissions to air operators 
and passengers 

€M 98.1 171.7 277.8 

In-Flight Connectivity (IFC) Lost revenues to airlines €M 0.5 0.5 0.5 

Operations Control 
Centres (OCC) 

Cost of increased maintenance and loss 
of comms to airlines 

€M 27.2 60.0 92.7 

Knock-on impact through 
cargo 

Cost of air cargo flight delay for operators 
and customers 

€M 1.7 11.6 44.4 

Knock-on impact at major 
hubs 

Delays for departing domestic and 
European flights 

€M 32.1 63.8 143.3 

Sector total €M 159.6 307.6 558.7 

Consumer 

Fixed Satellite Services 
(FSS) 

Consumer welfare loss from lost 
connectivity 

€M 172.2 258.3 344.4 

Satellite-enabled 
smartphones 

Societal cost of disrupted emergency 
communication for mountain rescue 
operations 

€M 1.5 4.5 8.3 

Sector total €M 173.7 262.8 352.7 

Energy 

Oil & Gas 
Lost revenue and standby impacts for rigs 
halting operations 

€M 57.9 73.9 89.8 

Sector total €M 57.9 73.9 89.8 

TOTAL (across sectors) €M 5,241 10,225 20,041 
Source: London Economics analysis 
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7 Conclusion 

The findings of this study underscore the critical role of satellite communications (satcom) as an 
enabler of critical sectors and economic activity. Although the analysis focuses on just five prioritised 
sectors, the central estimate of economic loss, €10.2 billion, reflects the significant disruption that 
would result from even a temporary loss of satcom. 

Dependence on satcom is most acute in areas beyond the reach of terrestrial infrastructure. This 
explains why the maritime and aviation sectors - operating across vast oceanic regions and airspace 
- are the most severely affected. While alternative technologies such as HF and VHF communications 
exist for satcom users in these sectors, they are limited in both coverage and capacity. In maritime 
contexts, their effectiveness is further constrained by a decline in crew proficiency to operate this 
technology due to a reliance on satcom build up over decades. 

Since maritime and aviation are fundamental to the movement of commodities, goods, and people, 
disruption in these sectors would cascade across global supply chains and the wider economy. Even 
though satcom dependence is concentrated in specific use cases, the resulting economic and 
societal impacts would be felt widely across ESA Member States, Canada, and beyond. 

In theory, advance notice of the length of satcom outage could allow for limited mitigation - such as 
adjusting transport schedules, sourcing alternative technologies, or drawing on inventory buffers. 
In practice, however, the unpredictable nature of such disruptions would severely constrain 
preparedness and response. 

The loss estimates presented in this study reflect current patterns of satcom use. However, satcom 
technologies are evolving rapidly. The emergence of Low Earth Orbit (LEO) constellations, direct-to-
device (D2D) services, flexible payloads, and improved user terminals is expanding satcom’s 
performance, affordability, and ultimately reach. Likewise, sectors are becoming more automated, 
data driven, and reliant on ubiquitous connectivity. As adoption increases, future disruptions are 
likely to result in significantly higher economic and societal costs, especially as new markets and 
applications become satellite-enabled. 

These estimates are presented in aggregate for ESA Member States and Canada. However, national-
level impacts are likely to vary considerably depending on geography, sectoral reliance, regulatory 
frameworks, and the availability of terrestrial alternatives. 

Future research should explore country-specific impacts, emerging use cases, evolving 
dependencies, and value in mitigating strategic risks and threats to better inform resilience 
planning, investment decisions, and policy development. 
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Annex 1 Glossary 

Acronym Term 

ADS-B Automatic Dependent Surveillance – Broadcast  

ADS-C Automatic Dependent Surveillance – Contract  

AIS Automatic Identification System  

ANSP Air Navigation Service Provider 

ATM Air Traffic Management (in Section 4.2) 

ATM Automated Teller Machine (in Section 4.5) 

CCS Carbon Capture and Storage  

CPDLC Controller–Pilot Data Link Communications  

CRTC Canadian Radio-Televisions and Telecommunications Commission 

D2D  Direct-to-Device Communication 

DORA Digital Operational Resilience Act 

ECB European Central Bank 

ELT Emergency Locator Transmitter 

EO Earth Observation 

EPIRB Emergency Position Indicating Radio Beacon 

ESA European Space Agency 

ESA MS ESA Member States 

ETA Estimated Time of Arrival  

ETD Estimated Time of Departure  

FSS Fixed-Satellite Services 

GEO  Geostationary Earth Orbit  

GADSS Global Aeronautical Distress and Safety System 

GMDSS Global Maritime Distress and Safety System 

GNSS Global Navigation Satellite System 

GVA Gross Value Added 

HEO Highly Elliptical Orbit 

HF High Frequency 

IFC In-Flight Connectivity 

IMO International Maritime Organization  

IMSO International Mobile Satellite Organization  

IoT Internet of Things  

LEO Low Earth Orbit 

LRIT Long-Range Identification and Tracking  

LTE Long Term Evolution 

LTS Long Term Strategy 

MEO  Medium Earth Orbit 

MF Medium Frequency  

MNO Mobile Network Operator 

MSI Maritime Safety Information  

NAT North Atlantic Airspace 

NATS National Air Traffic Services 

NM Nautical Miles 

NSTA The North Sea Transition Authority  

OCA Oceanic Control Area 

OCC Operations Control Centre 



 

 

 

London Economics - The economic impact of a loss of satcom  57 
 

Acronym Term 

PBCS Performance-Based Communication and Surveillance 

PSD2 Payment Services Directive 2 

PNT  Positioning, Navigation & Timing 

POS Point of Sale 

RAG Red, Amber, Green 

RCC Rescue Coordination Centre  

RMSS Recognised Mobile Satellite Services 

Satcom Satellite Communications 

SESAR Single-European Sky Air Traffic Management Research 

SLA Service Level Agreement 

SOLAS Safety of Life at Sea  

UBF Universal Broadband Fund  

USV Unmanned Surface Vehicle 

VHF Very High Frequency 

VMS Vessel Monitoring Systems  

VoLC Value of Loss of Connectivity 

VoLL Value of Lost Load  

VOR VHF Omnidirectional Range  
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Annex 2 Methodology 

A2.1 Maritime 

A2.1.1 Direct impact on vessels at sea 

 Estimation of the average value of a SOLAS-class vessel and its cargo 

 The average price of a cargo ship is approximately €100m (The True Cost of Cargo Ships: 
A Deep Dive into Maritime Investments | FreightAmigo). 

 The average capacity of a modern container ship is 4,580 TEUs (Twenty-foot Equivalent 
Units) (| VIZION). 

 The average value of a container per TEU is €55k. 

 Hence, assuming full utilisation of the ship’s capacity, the average value of transported 
goods per vessel is €251.9m. 

 The total value of an average vessel and its shipped goods is therefore estimated at 
€352m. 

A2.1.2 Affected number of seafarers 

 Estimation of the number of affected seafarers globally 

 There are approximately 50k merchant/large vessels at sea at any given time (What it’s 
like to sail a giant ship on Earth’s busiest seas - BBC Future). 

 In total, there are approximately 90k-100k vessels at sea at any given time, including 
smaller vessels such as fishing vessels (How many... - Constellation Marine Surveyors 
and consultants | Facebook). 

 A large vessel typically has a crew of around 20 personnel (How Many Containers Fit 
On A Cargo Ship? | Universal Cargo). 

 Fishing vessels and other small vessels have an average crew of about 5 
(https://nmssanctuaries.blob.core.windows.net/sanctuaries-
prod/media/archive/education/voicesofthebay/pdfs/seiners.pdf). 

 The estimated global number of crew at sea is therefore approximately 1.2m. 

 Other published sources place the number of seafarers between 1.6m 
(https://rightship.com/insights/stuck-at-sea-new-data-reveals-the-3-623-seafarers-
who-can-t-go-home) and 1.9m (https://www.ics-shipping.org/shipping-fact/shipping-
and-world-trade-global-supply-and-demand-for-seafarers). However, it can be 
assumed that not all seafarers are at sea at any given time, as some work ashore or are 
on leave. 

A2.1.3 Direct impact on maritime transportation 

 An extended format of Table 1 is displayed below. 

 The delay over the entire journey is estimated by: 

̶ Multiplying the number of port stops for the respective journey by two days of 
delay per port stop (Liners). 

̶ Multiplying the relative added distance from rerouting by the number of days of 
the original journey, and adding one day for refuelling. 

https://www.freightamigo.com/blog/the-true-cost-of-cargo-ships-a-deep-dive-into-maritime-investments
https://www.freightamigo.com/blog/the-true-cost-of-cargo-ships-a-deep-dive-into-maritime-investments
https://www.vizionapi.com/blog/container-ship-capacity
https://www.bbc.co.uk/future/article/20161128-what-its-like-to-sail-colossal-ships-on-earths-busiest-sea
https://www.bbc.co.uk/future/article/20161128-what-its-like-to-sail-colossal-ships-on-earths-busiest-sea
https://www.facebook.com/constellationms/posts/how-many-ships-at-sea-at-any-given-timeat-any-given-time-there-are-roughly-50000/1307021888100188/
https://www.facebook.com/constellationms/posts/how-many-ships-at-sea-at-any-given-timeat-any-given-time-there-are-roughly-50000/1307021888100188/
https://www.universalcargo.com/how-much-cargo-can-the-largest-shipping-container-ship-really-hold/
https://www.universalcargo.com/how-much-cargo-can-the-largest-shipping-container-ship-really-hold/
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/education/voicesofthebay/pdfs/seiners.pdf
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/education/voicesofthebay/pdfs/seiners.pdf
https://rightship.com/insights/stuck-at-sea-new-data-reveals-the-3-623-seafarers-who-can-t-go-home
https://rightship.com/insights/stuck-at-sea-new-data-reveals-the-3-623-seafarers-who-can-t-go-home
https://www.ics-shipping.org/shipping-fact/shipping-and-world-trade-global-supply-and-demand-for-seafarers
https://www.ics-shipping.org/shipping-fact/shipping-and-world-trade-global-supply-and-demand-for-seafarers
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 The “Delay – scaled (in days)” column scales the delay of the entire journey over the 
seven-day outage period. 

 Additional days 

̶ The “Delay – scaled (in days)” column expresses delay as a proportional share of 
voyage length. While this captures the effect of the outage itself, it smooths the 
impact too evenly over time and risks underestimating delay. To correct for this, 
an adjustment of additional days is applied: 1-2 days for liner voyages and 4-6 days 
for trampers. 

 The delay during the outage week (in %) is calculated by adding the scaled delay and 
the additional days and dividing them by the length of the total journey. This expresses 
the delay as a percentage of the total voyage time. It gives a measure of how much 
longer a typical voyage becomes under the outage scenario (relative to normal 
operations). 

 Columns Day 8 to 11 capture the gradual clearance of disruption after the outage ends. 
These reflect the backlog in and around ports as accumulated vessels are processed, 
and the time required for trampers to return to their original routes. Including these 
columns ensures that the model accounts for the tapering-off phase of disruption, 
rather than assuming an abrupt return to normal operations. 

 The “Overall delay (in %)” column represents the average disruption over the entire 11-
day period.
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Table 8 Disruption to maritime transport - extended 

Vessel type Route 
Length of 
journey (in 
days) 

Source of 
disruption 

Delay over 
entire 
journey (in 
days) 

Delay – 
scaled (in 
days) 

Additional 
days 

Delay 
during 
outage 
week (in %) 

Day 8 (in 
%) 

Day 9 (in 
%) 

Day 10 (in 
%) 

Day 11 (in 
%) 

Overall 
delay (in 
%)  

Liner 
China to 
Europe 

30 
Delay 
during port 
calls 

16 3.73 2 19.1 9.6 4.8 2.4 1.2 13.8 

Liner 
US to 
Europe 

15 
Delay 
during port 
calls 

10 4.67 2 44.4 22.2 11.1 5.6 2.8 32.1 

Liner 
China to 
Vancouver, 
Canada 

20 
Delay 
during port 
calls 

12 4.2 1 26 13 6.5 3.3 1.6 18.8 

Tramper 
China to 
Europe 
(Suez) 

35 Rerouting 11.5 2.3 5 20.9 10.4 5.2 2.6 1.3 15.1 

Tramper 

China to 
Europe 
(Cape of 
Good 
Hope) 

45 Rerouting 23.5 3.66 6 21.5 10.7 5.4 2.7 1.3 15.5 

Tramper 
US to 
Europe 

20 Rerouting 3 1.05 4 25.3 12.6 6.3 3.2 1.6 18.2 

Tramper 
China to 
Vancouver, 
Canda 

25 Rerouting 6 1.68 4 22.7 11.4 5.7 2.8 1.4 16.4 
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A2.1.4 Direct impact on warehousing 

 Estimating the maritime share of warehousing activities 

 GVA data for warehousing and support activities for transportation is available from 
Eurostat and the OECD. To estimate the share attributable to maritime transport for 
each ESA MS and Canada, each country’s GVA in this sector was multiplied by its modal 
split for maritime transport (i.e., the share of total transport activity accounted for by 
maritime). 

A2.1.5 Knock-on impacts 

 The formula below was used to estimate the knock-on impacts, expressed as loss of GVA: 

 𝐺𝑉𝐴𝐿𝑜𝑠𝑠𝑦𝑥 = 𝐺𝑉𝐴𝑦𝑥 ∗ (
𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑦𝑥∗𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑆𝑒𝑎𝑆ℎ𝑎𝑟𝑒𝑦

𝑇𝑜𝑡𝑎𝑙𝐼𝑛𝑝𝑢𝑡𝑠𝑦𝑥
) ∗ 𝐷𝑒𝑙𝑎𝑦𝑅𝑎𝑡𝑒 

̶ GVAyx: Gross Value Added of industry x in country y in 2023 (the total GVA loss is 
expressed in 2025 prices). 

̶ Importsyx: Imports of industry x in country y, distinguishing between goods 
transported by liner or tramper and whether they originate within or outside the 
European Union. 

̶ ImportsSeaSharey: The maritime share of imports of country y. Sea shares are 
defined separately for imports from within the EU and from outside the EU. 

̶ TotalInputsyx: Total inputs used by industry x in country y, from both domestic and 
foreign sources, to generate GVAyx. 

̶ DelayRate: Delay rate, as shown in Table 2, depending on whether the imported 
good is typically transported by tramper or liner. 

A2.2 Aviation 

A2.2.1 Scenario analysis 

 The period of disruption applies across all estimated costs relating to safety critical use 
cases of satcom, for example ATM. The length of this period depends upon how long it 
takes to recover from the satcom outage once satcom services are restored. Indications 
across ANSPs and aviation authorities varied, suggesting it could either be immediate or 
take time to test and ensure services are fully functional. 

 Low: 7.0 days 

 Central: 7.5 days 

 High: 8.0 days 

A2.2.2 Common metrics 

 Number of ESA MS and Canadian operators’ flights across the Atlantic. 

 EUROCONROL data154 indicates that 6.0 million passenger flights are operated by 
airlines based in ESA MS every year. 

 
154 EUROCONTROL (2024). Daily Traffic Variation - Aircraft Operators (2024). Available at: https://www.eurocontrol.int/Economics/2024-
DailyTrafficVariation-AOs.html [accessed 3 September 2025]. 

https://www.eurocontrol.int/Economics/2024-DailyTrafficVariation-AOs.html
https://www.eurocontrol.int/Economics/2024-DailyTrafficVariation-AOs.html
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 EUROCONTROL data155 indicates that 4.7% of flights involving the EUROCONTROL area 
have their origin or destination in North America, 0.6% in Central America or the 
Caribbean, and 0.7% in South America. These figures can be used as proxies for the 
proportion of flights by ESA MS operators across the Atlantic. 

 Across a disruption period of 7.5 days, 5,795 flights by ESA MS operators cross the 
North Atlantic airspaces between Europe and North America, 776 between Europe and 
Central America or the Caribbean, and 842 between Europe and South America. 

 In addition to these flights by ESA MS operators, Air Canada provides figures for 
passenger flows to various regions of the world. Through reviewing Air Canada’s fleet 
size by aircraft and passenger capacity per aircraft, a conservative 320 flights by Canada 
operators can be added to the 5,795 flights between Europe and North America 
operated by ESA MS operators. 

 Share of ESA MS and Canadian operators’ flights as a proportion of all flights across the 
Atlantic. 

 570,000 flights were reported by AirNav Ireland as transiting through the Shanwick 
OCA, or almost 12,000 over the disruption period of 7.5 days. This suggests a share of 
flights between Europe and North America for ESA MS and Canadian operators of 
52.2%. 

 Share of ESA MS and Canadian operators’ flights as a proportion of all flights globally. 

 37.1 million flights globally in 2024 were reported by ICAO.156 With 6.0 million 
passenger flights operated annually by ESA MS airlines and a conservative 700,000 
passenger flights operated by Canadian airlines (estimated from rough daily or annual 
figures provided by Air Canada, West Jet, and Porter), the global share of flights by ESA 
MS and Canadian airlines is 18.2%. 6.7 million passenger flights translates to roughly 
129,000 flights over the seven-day outage period or 138,000 over the full 7.5 days of 
disruption to safety critical use cases under the central scenario. 

 
155 EUROCONTROL (2024). European Aviation Overview 2024. Available at: https://www.eurocontrol.int/sites/default/files/2025-
01/eurocontrol-european-aviation-overview-20250123-2024-review.pdf [accessed 6 October 2025]. 
156 ICAO (2025). State of Global Aviation Safety, ICAO Safety Report 2025 Edition. Available at: https://www.icao.int/safety-reports 
[accessed 6 October 2025]. 

https://www.eurocontrol.int/sites/default/files/2025-01/eurocontrol-european-aviation-overview-20250123-2024-review.pdf
https://www.eurocontrol.int/sites/default/files/2025-01/eurocontrol-european-aviation-overview-20250123-2024-review.pdf
https://www.icao.int/safety-reports
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A2.2.3 Cost to airlines of transatlantic on-ground delays and cancellations 

Figure 5 Westbound air traffic flows into Shanwick OCA under a cap of 90 flights per hour 

 

Source: London Economics analysis 

 Figure 5 models the flow of westbound flights entering Shanwick OCA over a 24-hour 
period. With a cap of 90 flights per hour (as suggested would be implemented by NATS 
during all but the initial adjustment period), a stock of ‘excess’ flights that are unable to 
enter the airspace builds up while usual peak flow remains above the cap. This only begins 
to fall once usual flow returns below the cap. This build-up in the stock of excess flights 
leads to delays on-ground as aircraft are held before capacity is available to enter the 
airspace. 

Figure 6 Westbound air traffic flows into Shanwick OCA under a cap of 50 flights per hour 

 

Source: London Economics analysis 
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 Figure 6 depicts the same flow of westbound flights entering Shanwick OCA over a 24-hour 
period as in Figure 5. However, in line with NATS feedback, under the initial period of 
disruption lasting a day, the cap is set at 45 (under the central scenario; 50 for half a day 
under the low scenario; 40 for a day and a half under the high scenario). This results in a 
rapid build-up in the stock of excess flights, i.e. delayed flights, with 120 remaining at the 
end of the day. In order to bring this down to zero by the end of the day, it is assumed that 
the ANSP (in this case NATS) would intervene and impose cancellations. Under this per 
hour cancellation rate (effective from the time the usual flow exceeds the cap, the 
adjusted stock of excess flights is seen to fall to zero by the end of the daily cycle. With a 
cap of 45, 120 flights are assumed to be cancelled to limit the impact on the next day’s 
traffic. 

 This model is replicated for eastbound traffic entering Gander OCA under equivalent caps. 

 Through this modelling, we can estimate that a total of 13,798 hours of delay would be 
generated throughout the week with 49% of this delay falling on the initial day with a lower 
cap of 45. 52.2% of these delays are attributable to ESA MS and Canadian operators given 
their market share of the traffic between Europe and North America (see above). 

 The cost of these cancellations and delays to airlines can be estimated using 
EUROCONTROL figures of €123,900 per cancellation of a (400-seat widebody aircraft) and 
€166 per minute of on-ground delay at the gate. These figures, from 2022, are adjusted 
for inflation and scaled down to reflect the fact that compensation for ESA MS and Canada 
passengers is considered a transfer. 

 The total cost of cancellations for ESA MS and Canadian operators comes to €7.1m, 
entirely borne on the first day. The total costs of on-ground delay for ESA MS and Canadian 
operators is calculated at €27.8m on the first day and €28.8m throughout the remaining 
disruption period. 

A2.2.4 Cost to airlines of transatlantic en route delays and fuel from vertical and 
lateral reroutes 

 In keeping with the calculations above, 6,045 flights are estimated to fly between Europe 
and North America during the disruption period (taking into account cancellations), 776 
between Europe and Central America or the Caribbean, and 842 between Europe and 
South America. 

 According to NATS, under usual conditions, an estimated 28% of flights flying through 
Shanwick OCA from Europe to North America are moved vertically or laterally relative to 
the flightpath they request from air traffic control. Roughly 26% of flights are moved 
vertically and 3.5% of flights are moved laterally (with certain flights counted within these 
figures moved both vertically and laterally). The same figures are assumed for NAV 
CANADA, manging Gander OCA. Under a satcom outage scenario, NATS suggested that this 
figure may double. Therefore, an additional 26% of flights are moved vertically and an 
additional 3.5% are moved laterally. The costs associated with these additional 
movements is estimated. 

 According to NAV Portugal, flights are only rerouted vertically, not laterally. As with 
Shanwick OCA, it is assumed that 28% of flights do not receive their requested flightpath 
under usual conditions, and that all 28% are moved vertically. Again, this is expected to 
double under a satcom outage. 

 As a result, an estimated 2,025 additional flights are moved vertically and an estimated 
212 additional flights are moved vertically. 
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 Of these flights, a certain proportion are assumed to move 1,000ft vertically or one degree 
laterally, 2,000ft vertically or two degrees laterally, etc. For each movement there is a 
penalty. Both vertical and lateral movements are assumed to have a 2%, 4%, or 6% time 
penalty per 1,000ft or one degree under the low, central, and high scenarios respectively. 
Additionally, vertical movements bear a fuel burn rate penalty based off a 7% figure for 
2,000ft provided by NATS.157 An additional 50% penalty is assumed to apply to any 
eastbound flights from North America to Europe as rerouting draws these flights away 
from the jet stream. 

Movement 
Proportion of additional 

flights moved 

Time 
penalty 

(low) 

Time 
penalty 
(central) 

Time 
penalty 
(high) 

Fuel burn 
rate penalty 

(all) 

1,000ft vertically 40% 2.0% 4.0% 6.0% 3.4% 

2,000ft vertically 30% 4.0% 8.2% 12.4% 7.0% 

3,000ft vertically 20% 6.1% 12.5% 19.1% 10.7% 

4,000ft vertically 10% 8.2% 17.0% 26.2% 14.5% 

1 degree laterally 40% 2.0% 4.0% 6.0% 0.0% 

2 degrees laterally 30% 4.0% 8.2% 12.4% 0.0% 

3 degrees laterally 20% 6.1% 12.5% 19.1% 0.0% 

4 degrees laterally 10% 8.2% 17.0% 26.2% 0.0% 

 Time penalties apply to estimates of the time spent flying in oceanic airspace for each 
crossing between Europe and North America, Central America and the Caribbean, and 
South America. These estimates (for both directions) are based off Flight Radar 24 data on 
routes between Frankfurt and Chicago, Madrid and San José, and London and Rio de 
Janeiro. It is assumed that a third of flight time is spent in oceanic airspace, where 
increased separation standards would be relevant. 

 Applying these calculations under the central scenario, additional time spent flying in 
oceanic airspace totals 553 additional hours due to vertical reroutes and 57 additional 
hours due to lateral reroutes. 

 Applying an inflation-adjusted cost of delay (including crew, maintenance, passenger, and 
fuel costs), scaled down to exclude the compensation cost for ESA MS and Canadian 
passengers (for whom this is considered a transfer from the airline), of €85.84, this 
provides a total en route delay cost due to the time penalty of €2.8m for vertical reroutes 
and €0.3m for lateral reroutes. 

 Applying the fuel burn rate penalty for vertical reroutes results in an additional 3.2m 
kilograms of fuel burnt under the central scenario at a cost of €2.4m. 

A2.2.5 Cost of disruption to connecting flights at transatlantic hubs 

 The analysis is based on inputs from Eurocontrol’s STATFOR database.158 The data relates 
to using year-to-date daily averages for December 2024. 

 Origin-destination pairs between ESA MS and transatlantic destinations were collected. A 
average total of 1,673.6 daily flights operated between ESA MS and a transatlantic 
destination. 

 
157 NATS (2013). Ten Steps to Flight Efficiency. Available at: https://www.nats.aero/wp-content/uploads/2013/05/11001_NATS_Swatch-
book_Online_Linked_240413_HS.pdf [accessed 6 October 2025].  
158 Eurocontrol. STATFOR Interactive Database. Available at: https://www.eurocontrol.int/dashboard/statfor-interactive-dashboard. 
 

https://www.nats.aero/wp-content/uploads/2013/05/11001_NATS_Swatch-book_Online_Linked_240413_HS.pdf
https://www.nats.aero/wp-content/uploads/2013/05/11001_NATS_Swatch-book_Online_Linked_240413_HS.pdf
https://www.eurocontrol.int/dashboard/statfor-interactive-dashboard
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 Eurocontrol data was used to determine the number of transatlantic flights that originate 
or arrive in each ESA MS. Flightconnections.com was used to determine which specific 
airports in each ESA MS carries the transatlantic flights. 

 The analysis is focused on the 15 airports that carry 70% of transatlantic flights, where 
transatlantic flights represent at least 5% of total traffic, and where the volume of traffic 
exceeds 500 flights per day (departures and arrivals).  

 Focusing on these airports ensures that a meaningful knock-on can be expected. Small 
airports with few transatlantic flights are unlikely to be majorly and persistently disrupted 
as a result of late inbound aircraft. 

 The 15 airports in scope are: London Heathrow, Amsterdam, Paris Charles de Gaulle, 
Madrid Barajas, Frankfurt, Barcelona, Rome Fiumicino, Munich, London Gatwick, Zürich, 
Lisbon, Milan Malpensa, Dublin, Paris Orly, Brussels. 

 Two separate impacts are estimated: 

 Impact on connecting flights. Many of the airports serve many domestic passenger and 
it is therefore assumed that these airports operate as national hubs for transatlantic 
flights. Domestic flights account for 24%-32% of all flights at Madrid Barajas, Barcelona, 
Rome Fiumicino, and Paris Orly, which are the high scorers. Amsterdam and Brussels 
have less than 10 internal flights and but instead operate as regional hubs. The 
fundamental assumption is that delays to transatlantic flights will delay those internal 
connecting flights to allow passengers to transfer. 

̶ It is assumed that the number of affected internal connecting flights is a function 
of the proportion of all international arrivals that are transatlantic and the total 
number of internal flights. It is further assumed that a proportion of internal flights 
will be in scope for transatlantic connections.  

̶ Internal affected departures = internal departures * (transatlantic arrivals) / 
(international arrivals) * (scope adjustment) 

̶ Scope adjustment depends on scenario (low, central, high) and the day of 
disruption, with the majority of impact on the first day. 

̶ Delay per affected internal flight is assumed to be a function of the average 
punctuality at the airport. 

 Impact on other airport traffic. Where transatlantic flights are disrupted, the impact 
may cascade to other airport traffic serving other national or international routes. The 
estimation is based on the proportion of flights that operate in the busiest windows for 
transatlantic airspace and it is assumed that all other flights are disrupted by a number 
of take-off slots, depending on the scenario and the date of disturbance. A slot is 
classified as 5-minute intervals and the impact is assumed to be twice as high on the 
first day as in subsequent days. 

 For both impact channels, the disruption is valued at €166 per minute per Eurocontrol’s 
standard values for economic impact assessments.  

 The assumptions used are provided in the table below: 

 Central Low High 

Parameter Day 1 Day 2-7 Day 1 Day 2-7 Day 1 Day 2-7 

Impact on internal connecting flights (scope 
parameter) 

20% 10% 15% 7.5% 30% 15% 

Time delay per internal flight (hr) 4 1.5 3 1.125 6 2.25 

Average delay per flight due to slot disruption (slots) 6 3 4 2 9 4.5 

Value of disruption, €/aircraft minute 166 166 166 166 166 166 
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Annex 3 List of stakeholders 

Table 9 List of stakeholders engaged 

Sector Organisation type Count 

All Satellite communication company/operators 1 

All Satellite industry associations 1 

All Government departments 1 

All Space safety / regulatory agencies 1 

All Consultancy organisations 1 

Aviation Air navigation service providers 6 

Aviation Aviation authorities / regulators 2 

Aviation Aviation communication providers 1 

Aviation Aviation consultancies 1 

Aviation Airlines / airline industry associations 2 

Aviation Airport operators / suppliers 2 

Aviation Regional governments 1 

Consumer University research institutions 2 

Consumer  Independent space sector consultants 1 

Energy Energy network operators 1 

Maritime Insurance services 2 

Maritime Maritime communication providers 3 

Maritime Maritime data provider 1 

Maritime Maritime registries / regulators 2 

Maritime Shipping operators 1 

Maritime Maritime research / navigation institutions 2 

Payments Commercial banks 1 

Payments Central banks 8 

Payments Payment system operator 2 

Payments Payment regulators/authorities 2 

Total 48 
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