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Executive Summary

In the study “The Infrastructure Gap in Latin America and the Caribbean:
Investment Needed Through 2030 to Meet the Sustainable Development
Goals"” (Brichetti et al., 2021), the Inter-American Development Bank (IDB)
estimated for the first time, in a methodologically consistent and cross-
sectoral manner, the level of investment that Latin America and the Caribbean
(LAC) would need to mobilize to advance toward meeting the infrastructure
targets associated with the Sustainable Development Goals (SDGs) by
2030. Although these targets are not legally binding, they constitute a
widely recognized international benchmark for the levels of coverage and
quality expected to be achieved in key sectors such as water and sanitation,
electricity, telecommunications, and transportation.

Since nearly five years have passed since these initial estimates were made,
it is necessary to conduct a review to assess the progress made by countries
in the region toward achieving the SDGs related to infrastructure sectors. This
document updates those estimates using the latest available data (primarily
from 2024) with the primary aim of evaluating this progress.

The results of this analysis indicate that the region has made progress—in
some cases significant—toward the established goals; however, this progress
is insufficient to achieve the SDGs on time and in the required manner. The
new estimates indicate that the region would need to increase its annual
investment levels to 3.53% of its GDP for the 2025-2030 period if it intends
to achieve the SDGs by 2030. This figure represents a 13% increase over the
estimates by Brichetti et al. (2021), which indicated that the region needed

to invest 3.12% of its GDP to achieve the same goals. The main investments
needed are in the transportation sector, which accounts for 40% of the
identified gap, followed by the water and sanitation (25%), electricity (24%),
and telecommunications (11%) sectors.



EPPUR SI MUOVE: THE EVOLUTION OF
INFRASTRUCTURE GAPS IN LAC, 2021-2026

Figure ES. 1. Total investment required to close the identified gaps over the
2025-2030 period (in millions of US dollars) and annual investment as a
percentage of GDP by sector.
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Source: Author'’s own calculations.

The increase in annual investment needs for the 2025-2030 period required
to achieve the SDGs is not surprising when one considers that the region'’s
actual levels of infrastructure investment during the 2015-2023 period were
significantly below the needs originally estimated by Brichetti et al. (2021).
For the period 2015-2023, infrastructure investments in LAC averaged 1.7%
of GDP per year, well below the identified needs. This situation is further
exacerbated by a downward trend in investment, primarily driven by a decline
of more than 50% in public investment.
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Figure ES. 2. Comparison of estimated investment needs with annual public,
private, and total investment in LAC
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Source: Author’s own calculations based on Brichetti et al. (2021).

However, what is surprising is that the degree of progress toward achieving
the SDGs, as measured by the coverage and qualitative indicators surveyed,
is greater than expected given the actual levels of public and private
investment observed. Understanding the reasons for this divergence has
become a top-priority public policy objective. While there are known factors
that may partially explain these differences—such as a marked reduction in
population growth rates and divergences in the growth rates of the region's
economies compared to those assumed in the original analysis—these
explanations are quantitatively insufficient.

In particular, given the observed behavior, two main alternative hypotheses—
which are not mutually exclusive—initially emerge: either the original

estimates overestimated the investment needs required to achieve the SDGs,
or investment levels in the region’s infrastructure sectors are underestimated.

While it is not possible to definitively rule out the possibility that the originally
estimated investment needs are overestimated, multiple lines of evidence
indicate that this hypothesis is not the primary explanatory factor. First, the
estimates in the original study were made using a conservative approach
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with regard to the unit costs applied to close the gaps. Furthermore, when
updating the analysis—using newly available information—no significant
differences were detected between the actual unit costs used and the

costs used in the original analysis. Second, the unit costs applied were
those considered theoretically efficient; therefore, when accounting for the
inefficiencies typically observed in infrastructure projects in practice (cost
overruns, delays, etc.), it is expected that the investment needs to close the
gaps are underestimated rather than overestimated. Finally, the estimated
investment needs did not account for the full scope of infrastructure
investments that countries must undertake, both because certain subsectors
were not included (water projects, storm drains, for example) and because,
within the included sectors, there were ancillary projects that had not been
valued (for example, investments related to the road network such as
highway access roads, improved port access, etc.). Given that the observed
infrastructure investments include all investments made, it is to be expected
that progress in the reported coverage and quality indicators will be lower
than anticipated because part of these investments was directed toward
investment needs not included in the original analysis.

Consequently, evaluating the hypothesis that infrastructure investment is
underestimated is essential to assessing the likelihood that LAC will achieve
the SDGs on time and as planned. There are multiple ways in which this
hypothesis could hold true. First, estimating public infrastructure investment
requires cross-referencing budget data based on economic classification and
by purpose and function. Since there is no specific identifier for infrastructure
investment in public accounts, it is possible that public investments affecting
coverage and quality indicators are underestimated. In particular, spending on
infrastructure maintenance is often classified as current expenditure or is not
properly identified, so the criteria typically used to estimate public investment
do not account for it.

Another source of underestimation of public investment in the region is

the difficulty in identifying investments made at the subnational levels of
government, particularly in the region’s federal countries. Budget execution
reports that consolidate all levels of government are scarce and, in many
cases, do not facilitate the identification of specific expenditure items, such
as capital expenditures directed toward specific infrastructure sectors.
Furthermore, in some infrastructure subsectors, a significant portion of
investments is made through public enterprises, whose expenditure data is
often not properly incorporated into consolidated reports.

The situation regarding the reporting of private infrastructure investments
is no better. The sources typically used to estimate private infrastructure



EPPUR SI MUOVE: THE EVOLUTION OF
INFRASTRUCTURE GAPS IN LAC, 2021-2026

investments are largely skewed toward reporting investments made through
project finance instruments and large-scale projects. In other words, these
databases primarily focus not on private infrastructure investment itself, but
on its financing.

As a result, investments funded by users or by infrastructure service
concessionaires are rarely included in these estimates. However, there are
certain cases in which private investments can affect coverage indicators,
particularly when they generate assets that, although developed by private
entities, ultimately become integrated into or linked with public networks.
Examples of this include the construction of roads linked to productive
activities that can later be used by other users, or individual solutions for the
provision of basic services. In any case, the magnitude of these self-provided
investments is difficult to quantify with the available sources and constitutes
one of the channels that could help explain the divergence between observed
progress and reported investment.

Addressing these shortcomings in the measurement of infrastructure
investment is therefore an important task for understanding the evolution
of infrastructure gaps in the region. Closing this information gap requires
progress in developing new measurement mechanisms. Among these, the
following stand out: the incorporation of specific infrastructure investment
identifiers into public accounts; the development of infrastructure satellite
accounts within the framework of national accounts; and the creation of
private investment databases that are not limited to project financing but
also incorporate capital investments made by both concessionaires and
the service users themselves. Making progress on this agenda is essential
for improving the quality of analysis and strengthening decision-making
regarding infrastructure in the region.

This need for improved measurement, however, addresses only one of the
possible explanations of the divergence—the underreporting of investment—
while the divergence also responds to other factors, such as the lags
between investment and the maturation of works or the reduction in the cost
of closing each unit of the gap, resulting from more affordable technological
solutions and lower demographic pressure. Discerning the relative weight of
each of these factors is an open question and a first-order policy objective.

Existing estimates indicate that, given the reported levels of investment, Latin
America and the Caribbean would not be in a position to close the identified
infrastructure gaps. It is therefore essential to compare these predictions with
the observed empirical evidence. The history of scientific thought reminds

us that, even when evidence contradicts dominant conceptual frameworks,
its validity does not disappear as a result. In this regard, the data compiled in
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this study show that, despite investment levels that appear to be lower than
those estimated as necessary, the region is making real—albeit insufficient—
progress on several of the coverage and quality indicators considered. As
Galileo Galilei is said to have remarked when acknowledging the primacy of
empirical evidence over the dogmas of his time, “eppur si muove." The region
is making progress, and understanding why it is doing so is a central issue for
the design of public policies.

12
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The study “The Infrastructure Gap in Latin America and the Caribbean:
Investment Needed Through 2030 to Meet the Sustainable Development
Goals” (Brichetti et al., 2021) estimated the level of investment that Latin
America and the Caribbean (LAC) would need to mobilize to make progress
toward meeting the infrastructure targets associated with the Sustainable
Development Goals (SDGs) by 2030." Although these targets are not legally
binding, they constitute a widely recognized international benchmark for the
levels of coverage and quality expected to be achieved in key sectors such as
water and sanitation, electricity, telecommunications, and transportation.

In line with this approach, recent international literature has developed
various multisectoral exercises aimed at quantifying the infrastructure
investment needs required to close gaps in access to and quality of services.
Methodologically, these exercises follow two main approaches. The first, of
a top-down or benchmarking nature, derives required investment from the
historical relationship between infrastructure and income (Fay and Yepes,
2003), in line with the literature on infrastructure and growth (Rozas and
Sanchez, 2004; Calderdn and Servén, 2004; Straub, 2008). For Latin America
and the Caribbean, Perrotti and Sanchez (2011) updated this model, adjusting
it for the recent behavior of investment. The second, of a bottom-up nature,
estimates in a disaggregated manner the cost of achieving explicit service
targets—such as those associated with the SDGs—(Bricefio-Garmendia and
Foster, 2009; Schmidt-Traub, 2015). Within this second strand is Beyond

the Gap (Rozenberg and Fay, 2019), which proposes a global framework

for estimating the resources needed to advance toward service targets in
key sectors in low- and middle-income countries. More recently, studies
such as Banking on Cities (World Bank, 2025a) have expanded this agenda
by analyzing urban investment needs within integrated frameworks of
sustainability, climate resilience, and decarbonization, with a strong emphasis
on cities and low-carbon technologies, and a long-term horizon (2050).
These contributions help contextualize the magnitude of the infrastructure
challenge and the main cross-cutting trends across sectors.

At the same time, there is a vast body of sector-specific literature that
develops methodologies to estimate investment requirements based on

the technical characteristics of each sector. In water and sanitation, the
works of Hutton and Varughese (2016, 2020), as well as Hutton (2024),
stand out; these move beyond the quantification of costs to achieve access
targets toward frameworks that incorporate service sustainability and
climate resilience, and the recent IDB document for Latin America and the

1The estimated investments represent a lower bound of total requirements, as they do not include
the additional costs associated with complementary policies on affordability, resilience, and
environmental sustainability.
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Caribbean (Lentini, forthcoming), which delves deeper into the sanitation
sector by incorporating economies of scale and complementary costs into
the calculations. In the electricity sector, Galindo et al. (2022) analyze the
investment requirements associated with the energy transition in the region,
combining macroeconomic and energy scenarios. In transportation, the work
of the International Transport Forum, including the Urban Passenger Model
(ITF, 2023a) and the Modelling Framework (ITF, 2023b), provides integrated
modeling tools to project the evolution of demand, fleets, congestion, and
emissions under different policy scenarios. In telecommunications, the sector
is primarily addressed within Banking on Cities from an urban and functional
perspective, with a focus on the expansion and modernization of digital
networks (World Bank, 2025a; World Bank, 2025b).

Within this framework, this document revisits and updates the analysis by
Brichetti et al. (2021) to assess the region's recent progress toward the
trajectories needed to achieve the SDGs for infrastructure and to re-estimate
the associated investment needs. Based on this document, projected
coverage trajectories by infrastructure sector were derived, constructed by
taking the coverage level observed in 2018 and extrapolating it year by year
through the sum of the initial capital stock and projected new investment, in
order to achieve the targets established in the SDGs by 2030. This exercise
was applied to each sector and country in the region, resulting in a convex
curve showing projected coverage between 2018 and 2030, as it assumed a
constant investment effort as a proportion of Gross Domestic Product (GDP)
and an average annual economic growth rate of 2.2%, in accordance with the
World Economic Outlook (April 2025) for LAC.?

Since nearly five years have passed since these initial estimates were

made, it is necessary to conduct a methodologically consistent review to
assess the progress made by countries in the region toward achieving the
SDGs related to the infrastructure sectors. On that basis, this document
updates investment needs using data from the most recent year for which
information is available—2023 for electricity and transportation, and 2024 for
telecommunications and water and sanitation—and compares the updated
coverage data with the projected value for that same year in the original 2018
scenario. This comparison allows for a direct assessment of whether the
region is ahead of, in line with, or behind the expected trajectory, and helps
gauge the scale of the additional investment efforts needed to achieve the
targets set for 2030.

The methodology used to update the estimates—detailed in Annex |—is

2 As a result, initial progress in terms of coverage is more moderate but accelerates toward the
end of the decade, driven by projected economic growth.

16
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consistent with the bottom-up and modular approach used in Brichetti et al.
(2021), and the original targets and compliance deadlines have been retained
to facilitate comparison. The most significant changes in this regard focus
on updating the coverage and quality indicators based on the most recent
available data and on updating unit costs based on observed inflation and
new information.

The availability of two methodologically comparable estimates of the
infrastructure gap in LAC, separated by five years, allows for an analysis of
its evolution over time. Direct empirical observation of the evolution of the
surveyed coverage and quality indicators also allows for comparison with the
results expected based on data from associated indirect sources, such as
investment indicators in the region for each of the analyzed subsectors.

In this regard, a key finding of this study is that the evolution of the gap
observed in the coverage and quality indicators diverges from the expected
trend based on infrastructure investment levels in LAC. Although the levels
of public and private investment reported by various sources have been
consistently and significantly lower than the levels needed to close the
identified gaps, the indicators suggest that there has been progress—
albeit insufficient to achieve the SDGs on time—in the coverage and

quality of services in the region. Understanding the possible causes of
these discrepancies is a top priority when it comes to discussing public
policies aimed at achieving the infrastructure-related SDGs in the region—a
discussion that warrants a direct and candid examination of the available
sources of information—and their limitations.

This document therefore seeks to provide evidence both on the evolution of
infrastructure gaps in LAC during the 2019-2024 period and on the possible
causes of the divergences observed between the region's actual progress
and what would be expected based on its apparent investment performance.
To this end, it combines an update of the estimates of infrastructure gaps
necessary to achieve the SDGs by 2030 with an analysis of recent trends

in infrastructure investment and the limitations of the sources available

for measuring it. To carry out this task, this document is structured into

five sections, with this introduction being the first. Section 2 will focus on
presenting the results of the data update exercise that forms the basis for
the estimates of infrastructure gaps in the region and on comparing them
with previous results. Section 3 will focus on comparing the gap results with
the levels of infrastructure investment observed in the region, documenting
the aforementioned divergence. Section 4 will discuss the potential causes
of the observed divergences and propose some alternatives to mitigate

the limitations of current data sources. Finally, Section 5 will conclude the
document with some reflections and final comments.

17
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The primary objective of updating the infrastructure gap estimates published
by the IDB in 2021 is to compare the most recent observed situation
regarding indicators of infrastructure service coverage and quality with the
originally projected trajectories, and to assess the extent to which the region
is on track, lagging behind, or ahead of the expected path toward achieving
the Sustainable Development Goals by 2030. In particular, the focus is

on determining whether the progress observed between 2019 and 2024
corresponds to the progress implied by the originally projected trajectory,

or whether, on the contrary, there are systematic deviations indicating
performance that is better or worse than expected. This perspective is
particularly relevant in a context where observed levels of infrastructure
investment have fallen short of those required according to the original
estimates, as will be discussed in greater detail in Section 3. In turn, to
correctly interpret these trajectories, it is necessary to take into account

the time lags between investment made and the actual availability of new
infrastructure (see Box 1).

Box 1.

Investment Flow and Stock Accumulation:
The Role of Time Lags

The comparison between estimated investment needs and the observed
evolution of infrastructure access gaps raises an important methodological
issue: the relationship between the annual investment flow and the stock
of infrastructure that is actually available. In particular, while investment is
recorded as a continuous flow, the stock only increases when projects are
completed and begin operating, which introduces time lags between the
execution of spending and its reflection in coverage or access indicators.

From an operational standpoint, the assumption that investment made in
period t becomes usable capital stock in t+1 provides a benchmark for
guiding countries' investment efforts in the short term. Furthermore, in
scenarios where investment levels are constant over time (e.g., 2% of
GDP), the timing of when investment is converted into infrastructure stock
is irrelevant, since the conversion of investment into capital will occur at a
constant rate. In other words, lags would tend to offset each other, since
the stock accumulated in a given year would reflect investments made in
previous periods, thereby mitigating potential biases in the comparison
between flows and stocks.

19
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The plausibility of these assumptions depends on the circumstances. On the
one hand, the time it takes for investment to become capital depends largely
on the infrastructure sector. In water and sanitation, electricity, and some
telecommunications projects, connecting to existing networks or carrying out
smaller-scale works typically takes place within relatively short timeframes.
In contrast, in road, urban, or air transportation projects, as well as in the
construction of large treatment plants or major infrastructure projects,
investment processes can extend for more than a year or be implemented
gradually in phases. Furthermore, even if investment follows an upward or
downward trend, it is difficult to observe abrupt and permanent changes in its
aggregate levels®. In practice, aggregate investment evolves gradually, which
gives the indicator a certain degree of year-over-year stability and reduces
short-term volatility.

These considerations do not invalidate the presented estimates of investment
needs; rather, they help to properly interpret possible discrepancies between
investment efforts and contemporary changes in coverage indicators.

In particular, part of the financed capital may be at various stages of
implementation (“in the pipeline”) and may only be reflected in the operational
stock with a certain lag, which is consistent with the nature of infrastructure
investment processes. In this regard, the assumption adopted constitutes a
reasonable and transparent simplification for the type of exercise conducted.

Figures 1and 2 present the aggregate results of the exercise to update
infrastructure gaps in Latin America and the Caribbean. Before discussing
these results, it is important to emphasize that the updated estimates are fully
comparable with those presented in Brichetti et al. (2021). Both exercises

use a bottom-up and modular methodology that is consistent at the sectoral
and country levels; they maintain the same coverage and quality targets
associated with the Sustainable Development Goals; and they retain the 2030
timeline for achievement. The methodological details of the update exercise,
as well as the information sources used, are described in Annex I.

Figure 1 shows the annual investment required to close infrastructure gaps
in Latin America and the Caribbean during the 2025-2030 period, expressed
as a percentage of regional GDP and broken down by sector. In aggregate
terms, the region would need to mobilize investment equivalent to 3.53% of

3 This is related to the rigidity or inertia of infrastructure investment. Once a project is started,
halting it is usually more costly than completing it, which smooths out sharp declines.
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annual GDP, representing approximately USD 1.6 trillion, taking into account
both new investment and spending on maintenance and asset replacement.
Most of this investment is for new projects, although the maintenance and
replacement components are significant, reflecting the simultaneous need to
expand coverage and preserve the quality of the existing infrastructure stock.
Taken together, these estimates illustrate the magnitude of the investment
required to close the remaining gaps in coverage, and quality in the sectors
analyzed, based on current levels.

Figure 1. Total investment required to close the identified gaps over the
2025-2030 period (in millions of US dollars) and annual investment as a
percentage of GDP by sector.

1,800,000 3.53% 4.00%
1,595,965
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Source: Author’s own calculations.

From a sectoral perspective, the transportation sector accounts for a
significant portion of total investment (1.34% of GDP), followed by water
and sanitation (0.93% of GDP) and electricity (0.86% of GDP). These three
sectors account for the bulk of investment needs, both due to the magnitude
of the remaining gaps and the capital intensity required to close those gaps.
In contrast, the investment required in telecommunications is relatively lower
(0.40% of GDP), reflecting coverage levels closer to established targets,
although significant challenges remain in terms of quality and access for
certain segments of the population.
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Taken together, the results show that closing the infrastructure gaps in
the region requires a substantial and sustained investment effort, with a
heterogeneous sectoral composition and a significant share of spending
on maintenance and replacement, underscoring the importance of a
comprehensive strategy that combines capacity expansion with the
preservation of existing capital.

Figure 2 compares these new estimates with the gaps originally estimated
in Brichetti et al. (2021), using a standardized metric that allows for a direct
comparison between the two analyses. The main finding emerging from this
comparison is that the annual investment needs to achieve the SDG targets
have increased compared to the original estimates. This increase implies
that, despite the progress observed in coverage and quality indicators, the
investment effort required going forward is greater than initially estimated.

Figure 2. Investment needs as a percentage of regional GDP by infrastructure
sector. Comparison between original and updated estimates.
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Source: Author’s own calculations based on Brichetti et al. (2021).

This increase is not distributed uniformly across sectors: it is largely
explained by water and sanitation, whose investment needs grow significantly
(from 0.53% to 0.93% of GDP), while transport decreases slightly (from
1.37% to 1.34% of GDP, owing to the update of road costs using ROCKS)

and telecommunications remains virtually unchanged. The jump in water and
sanitation responds to two factors: a larger remaining gap in safely managed
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sanitation—where progress was slower than anticipated—and the update

of unit costs based on Lentini (forthcoming). Thus, while transport remains
the sector with the largest gap in levels, it is not the one driving the increase
relative to the original estimate.

In addition, this widening of the aggregate gap reflects, in part, the fact that
infrastructure investment levels observed during the 2019-2024 period have
fallen short of what is needed to sustain the originally projected trajectory,
resulting in a cumulative shortfall that must be made up within a shorter time
frame. Consequently, the region now faces a greater challenge in terms of
mobilizing resources for infrastructure if it intends to achieve the targets set
for 2030.

Overall, the results show that the region has made effective progress in

most of the sectors analyzed, although the scale and pace of this progress
are insufficient to ensure the achievement of the SDG targets by 2030

under current conditions. Furthermore, the contrast between observed
progress and expected progress based on projected trajectories reveals
divergences that constitute one of the study’s main findings. These
divergences, which manifest differently depending on the sector and country,
raise important questions regarding the relationship between investment,
capital accumulation, and improvements in service indicators, which will be
addressed in the following sections.

The following subsections present the results of this comparison

for each sector. They show the starting point in 2018, the projected
coverage trajectory through 2030, and the actual value observed in the
most recent year for which data is available. In general terms, only the
telecommunications sector (particularly 4G coverage) showed progress in
line with projections, while in electricity, safe water and sanitation, and road
transportation, progress has been slower than expected, creating significant
gaps that will require greater investment efforts within a tighter timeframe
leading up to 2030.

In 2018, the average electricity access coverage in Latin America and the
Caribbean was 97.0%. According to the projected trajectory in the original
study, coverage was expected to reach 98.2% by 2023. However, the actual
figure was 97.2%, or one percentage point below the forecast (see Figure
3). To achieve the goal of universal coverage by 2030, this gap will need to
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be closed through additional investments estimated at 64,840 million USD,
of which 20,288 million correspond to new investment, and 44,552 million to
maintenance and asset replacement.

Figure 3. Projected and observed electricity coverage rates in Latin America
and the Caribbean, 2018-2030. In percentages.
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Source: Author’s own calculations based on Brichetti et al. (2021).

At the country level, progress varies significantly relative to the projected
trajectory (see Figure 4). Suriname and Nicaragua are the two countries that
made the most progress: in the former case, observed coverage in 2023
exceeded the projection by 5.0 percentage points (99.0% vs. 94.0%), while
in Nicaragua the difference was 2.1 p.p. (99.4% vs. 97.3%). At the other end
of the spectrum, Haiti and Colombia recorded the largest shortfalls. In Haiti,
observed coverage was 12.8 percentage points lower than projected (49.3%
vs. 62.1%), while in Colombia it was 5.0 percentage points lower (93.1% vs.
98.1%).
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Figure 4. Electricity: projected and observed coverage by country, 2023. In

percentages.
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WATER AND SANITATION
Safely Managed Water

Coverage of access to safe water in Latin America and the Caribbean rose
from 25.5% in 2018 to 56.8% in 2024, representing a significant increase,
although it remains below the 60.1% projected for that year according to
the original trajectory. The goal for 2030 is to achieve universal coverage,
so there is still a considerable gap to close to reach 100% (see Figure 5).
To meet this goal, additional investments estimated at 134,247 million USD
will be required for the period 2025-2030, of which 71,155 million USD
correspond to new investment, and 63,092 million USD to maintenance and
asset replacement.
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Figure 5. Percentage of safe water supply coverage in Latin America and the
Caribbean, 2018-2030. In percentages.
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Source: Author’s own calculations based on Brichetti et al. (2021).

At the country level, it is observed that all countries experienced less
progress than projected, with Guatemala, Mexico, and Peru recording the
largest shortfalls (see Figure 6). In Guatemala, observed coverage was 27.6
percentage points lower than projected (48.8% vs. 76.4%); in Mexico, the
difference from projected coverage reached 26.4 percentage points (43.0%
vs. 69.4%), and in Peru, it was 24.0 percentage points (49.4% vs. 73.4%).
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Figure 6. Safely managed water: projected and observed coverage by
country, 2024. In percentages.
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Safely managed sanitation

In the case of safe sanitation, regional coverage increased from 35.8% in
2018 to 44.0% in 2024, well below the 65.6% projected for that year (see
Figure 7). The target set for 2030 is also to achieve universal coverage,

so the cumulative shortfall is even more pronounced than in the case of
safe water. Closing this gap will require mobilizing additional investments
estimated at 256,366 million USD by 2030, of which 148,487 million USD
corresponds to new investment and 107,879 million USD to maintenance and
asset replacement.
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The goal for 2030 is to achieve universal
coverage, so there is still a considerable
gap to close to reach 100%. To meet this
goal, additional investments estimated at
134,247 million USD will be required for the
period 2025-2030.
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Figure 7. Percentage of coverage for safely managed sanitation in Latin
America and the Caribbean, 2018-2030. In percentages.
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Source: Author’s own calculations based on Brichetti et al. (2021).

The analysis also reveals marked differences at the country level. Chile

was the only country to outperform the projection by 7.2 percentage points
(951% vs. 87.9%). In contrast, Colombia and Venezuela recorded the most
pronounced shortfalls (see Figure 8). In Colombia, actual coverage was 36.8
percentage points lower than projected (18.7% vs. 55.5%), while in Venezuela
it was 33.2 percentage points lower (26.0% vs. 59.2%).
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Figure 8. Safely managed sanitation: projected and observed coverage by
country, 2024. In percentages.
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TELECOMMUNICATIONS
Fixed Broadband

In the case of fixed broadband, the projected coverage rate for 2024 in Latin
America and the Caribbean was 20.6 subscribers per 100 inhabitants, starting
from an initial value of 13.4 in 2018 and with a target of 28.9 subscribers by
2030. However, the observed figure in 2024 was 18.6 subscribers per 100
inhabitants, indicating a lag behind the originally estimated trajectory (see
Figure 9). To achieve the 2030 regional target, it will be necessary to mobilize
approximately 56,243 million USD in additional investments in fixed digital
infrastructure, of which 33,592 million USD corresponds to new investment
and 22,651 million USD to maintenance and asset replacement.
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Figure 9. Fixed broadband coverage in Latin America and the Caribbean,
2018-2030. In number of subscribers per 100 inhabitants.
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Source: Author’s own calculations based on Brichetti et al. (2021).

At the country level, there is significant variation in the progress of coverage.
Barbados and Uruguay stand out as the countries with the greatest relative
progress (see Figure 10). In Barbados, coverage reached 37.5 subscribers per
100 inhabitants, exceeding the projected trajectory (33.4) by 4.1 subscribers.
In Uruguay, the difference was positive at 3.3 subscribers per 100 inhabitants
(32.4 vs. 29.). In contrast, Haiti and Honduras show the greatest shortfalls. In
Haiti, observed coverage was 13.2 subscribers per 100 inhabitants lower than
projected (0.3 vs. 13.6), while in Honduras the negative difference reached
11.1 subscribers per 100 inhabitants (4.5 vs. 15.6).
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Figure 10. Fixed broadband: projected and observed coverage by country,
2024. In number of subscribers per 100 inhabitants.
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Beyond the observed heterogeneity among countries, the expansion of
fixed broadband repeatedly faces the challenge of extending connectivity
to areas with low population density and hard-to-reach territories, where
the deployment of traditional fixed networks is more costly and complex. In
this context, it is particularly important to consider alternative technological
solutions for bridging the last-mile gap, notably low-Earth orbit satellite
connectivity networks, whose potential to expand broadband coverage in
rural and remote areas is briefly discussed in Box 2.
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Box 2.

LEO Satellite Connectivity and the Transformation of Access
in Low-Density Areas

In the telecommunications sector, investment needs in Latin America and the
Caribbean tend to be lower than in other infrastructure sectors. However,
expansion into low-density rural areas faces a persistent challenge: the high
cost of the “last mile,” where the extension of fixed and fiber-optic networks
significantly increases the cost per user and limits the economic viability of
projects. This component has historically accounted for a substantial portion
of the investment required to close residual connectivity gaps.

The emergence and rapid adoption of low-Earth orbit (LEO) satellite
technologies are bringing about a structural shift in this approach by
decoupling access to high-speed connectivity from physical network
deployment. These solutions enable the provision of broadband service
through direct installation at the point of consumption, significantly

reducing the costs and timeframes associated with network expansion, and
immediately expanding coverage to remote, rural, or hard-to-reach areas. In
this sense, satellite connectivity not only reduces costs but also redefines the
economic profile of service expansion.

Brazil's recent experience illustrates the potential of this transformation.

The national regulator’s authorization for a significant expansion of LEO
satellite capacity, coupled with its growing adoption in remote regions such
as the Amazon, demonstrates that these technologies are already covering
segments of the terrestrial network that have historically been underserved.
This trend suggests that satellite connectivity is transitioning from niche
solutions to a more prominent role within the telecommunications ecosystem
in countries with vast territories.

Taken together, these advances indicate that estimates of
telecommunications investment needs must account for the fact that
technological progress can significantly reduce the incremental CAPEX
associated with expansion in areas of low population density, while shifting
part of the focus toward appropriate regulatory frameworks, affordability
schemes, and policies aimed at the effective adoption of the service.
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4G Networks

In the case of 4G technology, the projected coverage rate for 2024 was
94.6% of the population, up from 92.5% in 2018 and with a target of 97%
by 2030. The actual coverage recorded in 2024 was 94.6%, in line with the
originally projected trajectory (see Figure 11). To achieve the expected full
coverage by 2030, additional investments estimated at 117,265 million USD
will be required, of which 27,642 million USD correspond to new investment
and 89,623 million USD to maintenance and asset replacement.*

Figure 11. Percentage of 4G network coverage in Latin America and the
Caribbean, 2018-2030. In percentages.
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Source: Author’s own calculations based on Brichetti et al. (2021).

At the country level, notable progress has been recorded in Jamaica,
Guatemala, Panama, Paraguay, Peru, and El Salvador, among others, with

4 The original document did not consider the expansion of access to 5G networks. This update in-
corporates this component, using the same methodology applied to 3G and 4G to define the 2030
coverage target. The median figure for Asian countries—equivalent to 69% access—is adopted
as the benchmark. Achieving this target will require an estimated investment of 518,133 million
USD, of which 357,122 million corresponds to new investment and 161,011 million to maintenance
and asset replacement.
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coverage levels exceeding projections by more than 20 percentage points
(see Figure 12). At the other end of the spectrum, Haiti and Guyana showed
the greatest shortfalls: in Haiti, observed coverage was 25.6 percentage
points lower than projected (35.5% vs. 61.1%), while in Guyana it was 21.8
percentage points lower (50.0% vs. 71.8%).

Figure 12. 4G networks: projected and observed coverage by country, 2024.
In percentages.
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In the road transport sector, three dimensions of the regional road network
were analyzed: paved kilometers, unpaved kilometers, and highways. In the
case of paved kilometers, the original projection estimated that the network
would reach 766,604 km in 2024, starting from an initial level of 690,013 km
in 2018, with a target of 890,567 km by 2030. However, the observed length
in 2024 was 712,866 km, representing a lag behind the originally projected
trajectory (see Figure 13).

Taken together, these results show that, although the road network in Latin
America and the Caribbean has grown since 2018, progress has been slower
than anticipated in the original scenario. To achieve the 2030 regional targets
across all three dimensions (paved, unpaved, and highway kilometers), it

will be necessary to mobilize 522,070 million USD in additional investments,
broken down into 238,502 million USD for new investment and 283,567
million USD for routine and periodic maintenance and asset replacement.®

890,567

850,000
800,000

766,604
750,000

712,866

690,013

700,000 ! °
650,000

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Projected Trajectory 2030 Target —@— Observed Coverage

Source: Author’s own calculations based on Brichetti et al. (2021).

5 See Box 3 for a detailed description of the impact of updating unit costs on the estimate of the
total gap.
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In this update exercise, unit costs for the road transport sector are

derived from the most recent version of the World Bank’'s Road Costs
Knowledge System (ROCKS) database, which is the most up-to-date and
methodologically consistent source available internationally for this type of
estimation. Accordingly, the values previously used in the original exercise
(adjusted for inflation) are replaced in their entirety by the new values

from ROCKS. Since these new values are, on average, lower for the main
construction components, their use results in a reduction in the estimated unit
costs and, consequently, in the road sector's investment gap compared to
what would have been obtained had the original values been retained.

In terms of magnitude, the changes are significant and vary depending on

the type of project. In particular, the cost of widening roads from 2 to 4

lanes is reduced by about 45%, the construction of two-lane paved roads by
approximately 18 %, and the upgrade to paved surfaces by about 33%, while
the costs for gravel roads show an increase of nearly 38%. In maintenance,
routine costs remain virtually stable (with variations of around 2%), while
periodic costs increase by about 35%. Overall, given the greater relative
weight of construction components, the update tends to narrow the estimated
gap without altering the physical infrastructure needs and reflects the use of
the best information available to date for this type of estimate.

At the country level, there is marked variation in the pace of expansion of the
paved road network compared to projections (see Figure 14). Suriname and
Jamaica were the two countries with the largest relative increases compared
to the expected trajectory. In the first case, the paved length exceeded the
original projection by 191%, rising from a projected 0.4 thousand km to an
observed 1.3 thousand km in 2023. In Jamaica, the increase was 138%, rising
from an expected 6.8 thousand km to 16.1 thousand km. At the other end of
the spectrum, Guatemala and Colombia recorded the largest shortfalls relative
to the expected trajectory. In Guatemala, the shortfall reached 30%, with a
projected value of 7.7 thousand km and an observed value of 5.4 thousand km.
In Colombia, the paved network was 51% below the projection, with a projected
value of 63.0 thousand km and an observed value of 30.9 thousand km.
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For unpaved kilometers, the projection for 2023 was 2,363,718 km, while
the actual figure was 2,359,446 km, which was lower than expected. At

the country level, significant differences are also observed in the evolution
of the unpaved road network compared to projections (see Figure 15).
Colombia and Guatemala were the two countries that exceeded the original
projections the most. In Colombia, the increase was 17.8%, with a projected
value of 148.1 thousand km and an observed value of 174.4 thousand km.

In Guatemala, the unpaved length was 14.7% higher than estimated, with a
projected value of 9.9 thousand km and an observed value of 11.3 thousand
km in 2023. At the other end of the spectrum, Panama and Jamaica recorded
the largest shortfalls. In Panama, the negative difference reached 42.0%,
with a projected value of 9.3 thousand km and an observed value of 5.4
thousand km. In Jamaica, the unpaved network was 62.4% below the
projection, with a projected value of 15.9 thousand km and an observed

value of 6.0 thousand km.
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Figure 15. Unpaved kilometers: projected and observed coverage by country,
2023. In thousands of kilometers.

1400.3
1200.3
1000.3
800.3
600.3
400.3
<
o<
ON
2003 T o o
= o Ee)
h: 1 Il Il [ 5 %
03 ?_ - II mE —— II R - - _f _(2
© %] © @ © E . P = © > () o ®© > © ©
s s £ =z £ £ 5 & 3 R £ § £ g 3 & £ 2
g E 3 s O s L = S & S o 2 ) o 2 c €
o 9] c oM = c ° > I~ = s ®© = © ©
§ &© »° 3 S o s S 2 g & o 5
a3 = © = = =
£
o
[a)
mmmm Projected for 2023 w2023 (observed)

Source: Author’s own calculations based on Brichetti et al. (2021).

As for highways, the original projection indicated that they should reach
34,087 km by 2023, starting from 20,912 km in 2018, with a target of 55,412
km by 2030. The observed value was 28,545 km, also falling short of the
estimate (see Figure 16).
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In the case of highways, there is also significant variation among countries
(see Figure 17). Colombia was the only country to exceed the expected
trajectory, with a highway length 10.0% higher than projected: it went from
an estimated 2.1 thousand km to an observed 2.3 thousand km in 2023. At
the other end of the spectrum, Argentina and Bolivia recorded values below
expectations. In Argentina, the shortfall was 58.9%, with a projected value of
2.7 thousand km and an observed value of 1.1 thousand km. Finally, in Bolivia,
the gap reached 95.8%, with a projected value of 0.3 km and an observed
value of 0.0 thousand km.
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Figure 17. Highways: projected and observed coverage by country, year
2023. In kilometers.
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Source: Author’s own calculations based on Brichetti et al. (2021).

In line with the Sustainable Development Goals, access to road transportation
can be interpreted more strictly as the availability of roads that are passable
year-round, rather than solely as the total length of the network. Although
this document retains the original methodology of Brichetti et al. (2021)—
based on the count of kilometers by road type—to ensure cross-temporal
comparability, a complementary effort was made to estimate, using
geospatial data, the proportion of the road network that is passable year-
round in Latin American and Caribbean countries. The rationale, approach,
and main results of this exercise are presented in Box 4.
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As part of the analysis of infrastructure gaps in the transport sector, this
exercise proposes to operationalize Target 9.1 of SDG 9, which relates to the
rural population’s effective access to year-round passable road infrastructure
(all-season roads). In line with this approach, an indicator of rural road access
is estimated for all countries in Latin America and the Caribbean in 2025, as a
synthetic and comparable measure of rural road access across countries.

The rural road access indicator estimate combines geospatial data on the
rural population obtained from the GHS-POP and GHS-SMOD rasters of the
Global Human Settlement Layer with information on primary, secondary,
and tertiary roads based on OpenStreetMaps data. Since information on

the seasonal passability of roads is not uniformly available, a proxy for all-
season roads is constructed based on observable functional attributes of the
network, such as surface type and maximum speed limit. To mitigate issues
with missing data, these attributes are supplemented using a two-stage
imputation procedure that combines criteria of spatial proximity within the
same road (%10 km) and representative statistics at the road segment level
(mode for surface type and median for speed). Based on this information,
roads are classified as high, medium, or low quality; for the calculation of
the rural road access indicator, only high- and medium-quality roads are
considered all-season roads—that is, paved roads with maximum speeds of
40 km/h or higher.

The results of the rural road access indicator show marked heterogeneity in
levels of rural road access across the region. For LAC as a whole, the rural
road access indicator stands at 56.5%, meaning that more than half of the
rural population lives within 2 kilometers of a road that is passable year-
round.? At the upper end of the distribution are Trinidad and Tobago (90.4 %),
Chile (88.5%), the Bahamas (87.6%), and Uruguay (83.0%), all of which have
high levels of rural access. At the other end of the spectrum, the lowest index
values are found in Haiti (15.7%) and Guyana (26.3%), followed by Honduras

@ The values presented here are lower than those of the official applications of the Rural Access
Index (RAI) owing to a more demanding all-season road criterion. While the official definition
admits any road passable throughout the year, including unpaved ones, only paved roads with
maximum speeds of 40 km/h or higher are considered here. This is because the available in-
formation does not make it possible to verify whether an unpaved road is effectively passable
year-round, so a conservative criterion based on observable network attributes was adopted.
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(35.1%) and Guatemala (37.6%), highlighting a marked disparity among
countries within the region (see Figure B4.1).

Figure B4.1. Rural road access indicator in Latin American and Caribbean
countries, 2025. In percentages.
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Source: Prepared by the authors based on data from the Global Human Settlement Layer and
OpenStreetMaps.

Air Transportation

In the case of air transport, closing the gap in access to airport infrastructure
by 2030 will require a total estimated investment of 12,492 million USD

in Latin America and the Caribbean. This amount corresponds to the
construction, expansion, or upgrading of 106 airports, of which 6 are large,
15 are medium-sized, and 85 are small (data from Brichetti et al., 2023).
Brazil accounts for the bulk of the investment effort, with 33 additional
airports required and an estimated investment of 3,560 million USD, followed
by Nicaragua (26 airports, 3,248 million USD) and Venezuela (15 airports,
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1,611 million USD). These three countries account for nearly 65% of the total
estimated investment in the aviation sector in the region.

Regarding electromobility, the results of the IDB study “Costs of
Electromobility in Latin America and the Caribbean” were used, which
estimates the book cost of electrifying the urban bus fleets in 149 cities
with populations exceeding 500,000 in the region. The analysis considers
three main components: (i) the renewal of the bus fleet, (ii) the expansion of
public charging infrastructure, and (iii) the associated increase in electricity
demand. The study projects the transition through 2050 under three electric
bus penetration scenarios (pessimistic, moderate, and optimistic), defined
based on four categories of cities according to their population and level of
commitment to transportation electrification.

To maintain consistency with the time horizon of the other sectors analyzed
and with the targets established in the SDGs, this update considers only
the investment required between 2025 and 2030. The results show that,

in the pessimistic scenario, the investment requirement amounts to 12,939
million USD for the entire region; in the moderate scenario, it rises to 20,061
million USD; and in the optimistic scenario, it reaches 31,176 million USD.
The largest amounts are concentrated in Brazil and Mexico, which together
account for a significant proportion of the required investment, followed

by Colombia, Argentina, Chile, and Peru, where the combination of large
urban fleets and more ambitious electrification commitments increases the
estimated investment.
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New estimates of the infrastructure gap, updated with the latest data
available through 2025, indicate that the investment needs to achieve the
infrastructure-related SDGs by 2030 have increased by 13% compared

to the original estimates by Brichetti et al. (2021). This new information is
consistent with the fact that countries in the region have invested significantly
less in infrastructure sectors during the 2015-2023 period than the amounts
identified as necessary to achieve the SDGs in the original 2021 analysis, as
shown in Figure 18.

Figure 18. Infrastructure investment needs in Latin America and the
Caribbean as a percentage of regional GDP. Comparison between estimated
gaps and annual public, private, and total investment.
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Source: Author’s own calculations based on Brichetti et al. (2021).

Infrastructure investment levels in the region during the 2015-2024 period
averaged 1.67% of GDP annually, about half of the requirements identified

in the original gap analysis. Although the period under analysis includes the
years 2020 and 2021—during which the effects of the COVID-19 pandemic
were in full force, limiting the ability to finance and execute infrastructure
investments—an additional cause for concern is the downward trend in
investment in LAC. Between 2015 and 2023, total infrastructure investment in
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LAC declined by nearly 25%, a reduction primarily driven by a drop of nearly
55% in public investment. Private investment—which currently accounts for
the majority of infrastructure investment in the region—has been more stable
but has failed to offset the decline in public investment.

This concerning situation at the regional level is not uniform when analyzing
infrastructure investment in individual countries of the region, as shown in
Figure 19. However, a consistent pattern is that most countries in the region—
with the exception of Chile, Uruguay, and Panama—invest less than the
estimated investment needs required to achieve the infrastructure-related
SDGs in a timely and effective manner.

Figure 19. Infrastructure investment needs by country. Comparison with
average investment for 2015-2023 as a percentage of GDP.
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Source: Cavallo and Leén-Gomez (2026) and Brichetti et al. (2021).

The reported investment levels are low, which explains why, although there
has been progress in closing gaps in the coverage and quality indicators
analyzed, this progress is insufficient to achieve the SDGs. Figure 20
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shows, for example, that when we analyze public investment in the various
infrastructure sectors included in this report for the 2019-2023 periodb, in
three of the four sectors, investment does not cover the costs of maintaining
and replacing existing assets.

Figure 20. Infrastructure investment needs in Latin America and the
Caribbean by infrastructure sector. Comparison with average public
investment for 2019-2023 as a percentage of GDP.
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Source: Author’s own calculations based on Brichetti et al. (2021).

In short, what we observe is a divergence between the trends in the
indicators of coverage and quality of the surveyed services and the expected
behavior of these variables based on the collected investment data.
Understanding and explaining the sources of this divergence is essential for
establishing effective public policies aimed at closing the observed gaps,
which we will focus on in the next section of this document.

6 Excluding telecommunications, as it is a sector in which investment is predominantly private.
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The increase in annual investment needs for the 2025-2030 period required
to achieve the SDGs is not surprising when one considers that the region’s
actual levels of infrastructure investment during the 2015-2023 period were
significantly below the needs originally estimated by Brichetti et al. (2021).
Even so, the degree of progress toward achieving the SDGs, as measured

by the coverage and qualitative indicators surveyed, is greater than might be
expected given the levels of public and private investment actually observed.

Understanding the reasons for this divergence has become a top public
policy priority. While there are known factors that may partially explain
these differences—such as a significant reduction in population growth
rates (Box 5) and divergences in the growth rates of the region’s economies
compared to those assumed in the original exercise—these explanations are
quantitatively insufficient.

Box 5.

The Impact of Declining Population Growth Rates on Original
Gap Estimates

The update of investment needs incorporates a revision of LAC's
demographic projections through 2030, based on the World Bank's current
publication (July 2025). This revision directly affects the infrastructure
investment gaps estimated in Brichetti et al. (2021), in which the projected
regional population for 2030 stood at 689.7 million people, whereas in

the present estimate that projection stands at 671.4 million, implying a

2.6% decline. This decline in the population projection is primarily due to
stagnating and declining birth rates in the region, reflecting a structural
process of demographic transition, and to a lesser extent to temporary effects
associated with the pandemic shock.

Since the quantification of infrastructure gaps depends directly on the
number of new connections required to meet population growth, this
demographic revision translates into a reduced need for new connections,
assuming all other parameters of the exercise remain constant (access rates,
unit connection costs, and service standards). In this context, it is observed
that the decline in the projected population reduces connection needs across
all infrastructure sectors (see Figure B5.1), with more pronounced decreases
in electricity (12.7%) and mobile networks (9.0%), and more moderate
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decreases in safely managed water (6.5%), fixed broadband (4.5%), safely
managed sanitation (4.2%), and wastewater treatment (2.0%).

Figure B5.1. Reduction in connection needs attributable to the update of
demographic projections by infrastructure sector. In percentages.
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Source: Author’s own calculations based on Brichetti et al. (2021). Note: For the water, sani-
tation, and electricity sectors, the decrease is expressed as the percentage reduction in the
number of household connections required. In the case of telecommunications and wastewater
treatment, the decrease is expressed as the percentage reduction in individual connections, at
the person level.

Given this scenario, there are various factors—which are not mutually
exclusive—that may help explain this behavior. On the one hand, it is possible
that the original estimates overestimated the investment needs required to
achieve the SDGs. Similarly, it is also possible that investment levels in the
region’s infrastructure sectors are underestimated. Finally, due to the very
nature of investment, physical infrastructure assets may materialize with a
certain time lag.

While it is not possible to definitively rule out the possibility that the originally
estimated investment needs are overestimated, there is ample evidence
indicating that this hypothesis is not the primary explanatory factor. First, the
estimates in the original study were made using a conservative approach with
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respect to the unit costs actually used to close the gaps. Furthermore, when
updating the analysis—using newly available information—no significant
differences were detected between the actual unit costs used and those used
in the original analysis. Second, the unit costs cited correspond to reference
values that generally do not incorporate the inefficiencies typically observed
when carrying out infrastructure projects in practice (cost overruns, delays,
etc.), so it is to be expected that the investment needs to close the gaps are
underestimated rather than overestimated. Finally, the estimated investment
needs did not account for the full scope of infrastructure investments

that countries must undertake, both because certain subsectors were not
included (water projects, storm drains, for example) and because, within the
included sectors, there are ancillary projects that had not been valued (for
example, investments related to the road network such as highway access
roads, improved port access, etc.). Given that the observed infrastructure
investments include all investments made, it is expected that progress in

the reported coverage and quality indicators will be less than anticipated,
because part of these investments was directed toward investment needs
not included in the original analysis. In this regard, as noted in Brichetti et

al. (2021), the estimates presented should be interpreted as a floor for the
infrastructure investment needs required to make progress toward achieving
the SDGs.

Furthermore, the relationship between investment and changes in coverage
and quality indicators depends critically on the timing of the investment and
the lag between its execution and its materialization in stock (discussed in
Box 1); therefore, an immediate correlation between the two is not necessarily
expected. Although the downward trend in investment might suggest that part
of the observed progress stems from investments made in previous periods,
this channel alone is not sufficient to explain the observed divergences
between trends in coverage and contemporary investment levels.

To quantify this divergence, an aggregate analysis was conducted for LAC
that breaks down the reduction in the estimated gap relative to that calculated
in Brichetti et al. (2021) at prices current to this update. In absolute terms, the
total gap narrowed by 892,845 million USD (see Figure 21). Of this amount,
cumulative public investment for the 2018-2023 period totals 241,385

million USD, equivalent to 27.0% of the total reduction observed. Meanwhile,
cumulative private investment amounts to 278,551 million USD, representing
31.2%. Together, public and private investment account for 519,936 million
USD, or 58.2% of the total reduction in the gap. Furthermore, the update

of structural assumptions—specifically, updates to population and gross
domestic product projections—accounts for an additional decrease of 93,681
million USD, equivalent to 10.5% of the total. The remainder, approximately
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279,228 million USD (31.3%), is attributed to other factors not explicitly
captured in this aggregate analysis, such as the lags between investment
and the maturation of works; the underreporting of investment, especially
private investment; a possible overestimation of needs; inaccuracies in
coverage data; or improvements in efficiency and technology that reduce
the cost of closing each unit of the gap. This exercise, which is illustrative
in nature, provides an order of magnitude for the relative contributions of
each component without establishing a strict causal relationship between
investment and the reduction of the gap.

Figure 21. Contribution of factors to the estimated reduction in the
infrastructure investment gap in Latin America and the Caribbean. In millions
of dollars and as percentages.

892,845

279,228 (31.3%)

93,681 (10.5%)

278,551 (31.2%)

241,385 (27.0%)

In millions of USD
mmmm Public Investment mmmm Private Investment

mmmm Population and GDP mmmm QOther factors

Source: Author’s own calculations based on Brichetti et al. (2021).

Consequently, while the previous analysis suggests that the observed total
investment is consistent with the magnitude of the estimated reduction in
the gap, questions remain regarding the quality, coverage, and composition
of the available data—particularly with regard to private investment and its
classification between coverage expansion and maintenance. Assessing
the hypothesis that infrastructure investment is underestimated—whether
due to coverage limitations in the available sources or the use of estimation
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Given that the observed infrastructure
investments include all investments made,

it is expected that progress in the reported
coverage and quality indicators will be less
than anticipated, because part of these
investments was directed toward investment
needs not included in the original analysis.
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assumptions, particularly in the case of private investment—is essential for
evaluating the feasibility of LAC achieving the SDGs on time and in full. There
are multiple channels through which this hypothesis may hold true, which we
will analyze in the following subsections.

MEASURING INFRASTRUCTURE INVESTMENT

Measuring infrastructure investment poses significant conceptual and
methodological challenges. First, it requires precisely defining what is
meant by infrastructure, distinguishing between its different types and
sectors. In this publication, the reported figures refer to investment in public
infrastructure in the economic sector, regardless of whether it comes from
the public or private sector (see Figure 22).

Figure 22. Infrastructure classification by type.
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Source: Author's own calculations.
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Second, investment in infrastructure requires identifying the entity
responsible for measuring it and the applicable accounting criteria. Unlike
private investment, public investment—like any other component of public
spending—is subject to accounting and accountability requirements, which in
principle would facilitate its accurate measurement. However, classification
criteria are not necessarily uniform. An illustrative example is the accounting
treatment of Public-Private Partnerships (PPPs) in national accounting
systems. Although each country applies its own regulations and there are
international standards that seek to harmonize their recording—such as
IPSAS 32 and ESA 2010—these differ in key aspects. As a result, the same
project may be recorded on the balance sheet of either the public or the
private sector, directly affecting the statistical measurement of investment
and its accurate identification.

Limitations in Measuring Public Investment in LAC

There are primarily two sources of information for measuring public
investment in LAC: national accounts and fiscal accounts. In the first case,
public investment is typically estimated using the Government Gross Fixed
Capital Formation (GGFCF), which provides comparable series across
countries and over time. However, it is an imperfect measure of investment
in economic infrastructure, since, in addition to machinery and equipment, it
includes social infrastructure and public housing, among other components
that fall outside the sectoral definition adopted in this document. Therefore,
although it facilitates international comparison, GGFCF tends to be an
imprecise measure of public economic infrastructure.

Second, investment can be estimated based on an analysis of each
country's fiscal accounts. However, the classification, coverage, and level
of disaggregation vary significantly, which limits their comparability across
countries. Furthermore, in many cases, the available information typically
corresponds to budgeted investment, so it does not necessarily reflect

the levels of investment actually executed. Given these limitations, various
efforts have sought to consolidate and harmonize fiscal data for the region.
In particular, three regional databases estimate public investment based on
national fiscal accounts: INFRALATAM (a joint effort by the IDB, CAF, and
ECLAC); BDD/GIPAL (the IDB's fiscal division); and BOOST (an initiative of the
World Bank).

INFRALATAM, developed jointly by the Inter-American Development Bank,
CAF, and ECLAC, is one of the most comprehensive sources available for
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measuring public investment in economic infrastructure in Latin America
and the Caribbean. The database covers 21 countries in the region for the
period 2008-2023 and compiles budgetary information primarily from the
three levels of government—national, regional, and local—as well as from
public enterprises. INFRALATAM records capital expenditures allocated in
public budgets, including investment in new infrastructure, expansions and
improvements to existing assets, replacement of obsolete capital, and costs
associated with pre-investment studies, thereby providing a comprehensive
picture of public investment in economic infrastructure.

The Inter-American Development Bank's Latin American Public Investment
Expenditure Database (BDD/GIPAL), developed by the Fiscal Management
Division (FMM), provides detailed information on public expenditure for 16
countries in Latin America and the Caribbean for the period 2000-2023,
with a cross-disaggregation by economic, institutional, and functional
classification. This database also draws on budgetary information and is
particularly useful for analyzing the evolution of public spending over time
and its composition. However, it has two significant limitations for analyzing
investment in economic infrastructure: first, it does not include spending

by public enterprises; and second, investment is recorded for all public
sector functions and institutions, not necessarily exclusively associated with
economic infrastructure sectors, which makes it difficult to accurately identify
investment in these sectors.

For its part, the World Bank's BOOST database provides detailed information
on public investment in economic infrastructure, distinguishing between
budgeted and actual spending, which is a significant advantage over other
sources. However, its use in the regional context has significant limitations, as
its coverage is restricted to approximately 60 economies worldwide and to a
relatively limited and outdated period, spanning 2009 to 2017. These temporal
and coverage restrictions limit its applicability for a comparative and up-to-
date analysis of infrastructure investment in Latin America and the Caribbean.

Beyond the specific characteristics of each of the databases mentioned,

in all cases estimating public investment in infrastructure requires cross-
referencing budget information based on its economic classification and by
purpose and function. Since there is no specific identifier for infrastructure
investment in public accounts, it is possible that public investments affecting
coverage and quality indicators are underestimated simply due to operational
difficulties in identifying them. In particular, one area of special concern is
spending on infrastructure maintenance, which is often classified as current
expenditure, making it impossible to identify it as part of public investment. In
contrast, in the case of private investment channeled through PPP schemes,
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annuity payments or committed amounts typically explicitly include this
maintenance component.

Another limitation in measuring public investment in the region is linked to
shortcomings in the coverage and quality of the information available for the
various levels of government, particularly in countries where data sources
report only information from the central government or where there are
significant discrepancies between budgeted and actual figures. According
to data from BDD/GIPAL, over the past 10 years, the region has shown
budget execution rates for public investment spending ranging from 73% to
83%. Furthermore, budget execution reports that consolidate data across
all levels of government are scarce, even though subnational investment

is particularly relevant in federal countries. In many cases, moreover,
comparing data across different levels of government is not straightforward,
as specific expenditure line items—such as capital expenditures directed
toward specific infrastructure sectors—are not available. Furthermore,
consolidation exercises entail significant reductions in the transparency

of the available information, which is essential for conducting focused
analyses of infrastructure sectors that are often not properly identified. In
practice, this makes it impossible to distinguish such spending from other
capital expenditures (when viewed through an economic classification

of spending) or from other program-related expenditures (when viewed
through a functional classification—which, moreover, often does not allow
for adequate sectoral breakdown) that do not necessarily have a direct link to
infrastructure investments.

Finally, in some infrastructure subsectors, a significant portion of investments
are made through public enterprises, whose expenditure data is often not
properly incorporated into consolidated reports. This poses an additional
problem, since the prominence of public enterprises in the region’s various
infrastructure sectors varies greatly depending on the sector and country
under analysis.

Limitations in Measuring Private Investment in LAC

The situation regarding the measurement of private infrastructure investment
is no simpler. Unlike public investment, private investment is not subject to a
reporting or disclosure mandate, which makes it difficult to properly identify
and measure. Therefore, the measurement of private investment must rely on
alternative sources of information. Efforts to estimate this component have
focused on both direct and indirect measurement approaches.
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Indirectly, Fay et al. (2019) estimate total investment in infrastructure—

both public and private—using the breakdown of the IMF's gross fixed
capital formation indicator and the breakdown of the Construction and Civil
Engineering component from the World Bank's International Comparison
Program. Given the highly aggregated nature of these statistics, gross fixed
capital formation is recorded by broad categories of assets and institutional
sectors, making it difficult to specifically isolate investment directed

toward economic infrastructure, especially within the Civil Engineering
component, where a large portion of infrastructure projects is concentrated.
Consequently, these sources do not allow for a clear distinction between
investment in new infrastructure, asset replacement, major maintenance, or
other types of capital formation, nor do they adequately capture the sectoral
heterogeneity inherent in infrastructure, which limits their usefulness for
detailed analysis of gaps, investment efforts, and planning needs in this area.

Addressing these shortcomings requires the development of new tools
that are rarely used in the region, such as satellite accounts focused on
infrastructure (Box 6). Using the available disaggregated data, Coremberg
(2018) indicates in an exploratory study of Brazil, Argentina, and Mexico
that the importance of infrastructure services and investment may be
significantly underestimated.

Box 6.

Infrastructure Satellite Accounts: A Tool for Improving the
Measurement of Investment and Services Provided

Traditional measurement of infrastructure in national accounts tends to
focus on partial indicators, such as investment by the construction sector

or the value added of industries classified as providers of infrastructure
services. While these approaches are useful, they have significant limitations
in comprehensively capturing the magnitude of infrastructure services (IS)
actually produced and used in an economy, as well as their contribution to
well-being, productivity, and economic growth.

The infrastructure satellite accounts (ISA) methodology offers a conceptually
consistent alternative to overcome these limitations. Rather than focusing

on enterprises based on their primary activity, the ISA focuses on the
economic function of providing infrastructure services, thereby enabling

a comprehensive measurement of both the supply and demand for such
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services, in full compliance with the System of National Accounts.

From the supply side, the ISA substantially expands the production frontier
by incorporating infrastructure services provided on a self-account basis.
This includes, for example, transportation carried out by companies with
their own fleets, energy self-supplied by productive sectors, as well as
services generated by households —particularly transportation using their
own vehicles and energy self-supply. In this way, the ISA captures activities
that have a real economic impact but remain invisible in traditional statistics,
thereby avoiding distortions in the analysis of sectoral productivity and
aggregate well-being.

Coremberg (2018) notes that the available empirical evidence for countries
such as Argentina, Brazil, and Mexico shows that this self-produced
infrastructure services sector accounts for an additional 3 to 4% of GDP,
implying that the total contribution of infrastructure services to GDP has
historically been underestimated by nearly one-third. In particular, self-
provided transportation accounts for nearly 50% of the sectoral GDP of
transportation as measured using the traditional approach, while measuring
household transportation increases GDP by approximately 2%, in line with
comparable international experiences.

From the demand perspective, the ISA also offers a more comprehensive
view. Unlike the traditional approach, which focuses on infrastructure
investment and final consumption of contracted services, the ISA
incorporates both the consumption of infrastructure services provided by
third parties and those generated on one's own account. It also redefines
infrastructure investment by including not only civil engineering works

but also transportation equipment, machinery, and capital goods—both
domestic and imported— necessary for the provision of infrastructure
services. Empirical applications show that, under this approach, investment
associated with infrastructure services can reach levels close to 9% of GDP,
compared to significantly lower figures when only investment in construction
is considered.

Overall, the infrastructure satellite accounts approach highlights that both
infrastructure investment and the actual provision of services have been
systematically underestimated in conventional metrics. In the context of this
study, the adoption—or at least the conceptual consideration—of this type

of tool is particularly relevant for interpreting the observed discrepancies
between progress in indicators of infrastructure service coverage and quality
and the levels of investment reported by traditional sources.
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Furthermore, private investment in economic infrastructure is measured
directly using specialized databases that track the financing or contractual
arrangements of infrastructure projects involving private participation;
however, as will be shown below, the identification and measurement of this
type of investment also have their own limitations.

One of the main sources of information is the World Bank's Private
Participation in Infrastructure (PPI) database. This database focuses

on tracking the amounts committed to the development of economic
infrastructure projects with private participation, particularly those associated
with public-private partnership (PPP) schemes. The database compiles
detailed information on the contractual investment commitments associated
with these types of schemes.

Among its advantages are its public accessibility and its broad geographic
coverage, which extends beyond Latin America and the Caribbean. However,
using it to estimate the private investment actually executed presents
significant limitations. First, the PPI reports the total contractual amount of
investment in economic infrastructure projects, including both the public
and private components, which requires identifying and isolating the private
contribution on a case-by-case basis. This is not always possible, as in
some cases the information is not available due to a lack of disaggregation
or the confidentiality of the contracts. Second, since it is a database focused
exclusively on PPP projects financed through project finance structures

and special purpose vehicles (SPVs), the PPl does not capture private
investments made under corporate finance arrangements or other forms of
private investment in public infrastructure. The database also suffers from

a representativeness bias, as small-scale projects are difficult to identify

in major media outlets or on government websites, which are the primary
sources of information for this database. This limitation is particularly
pronounced in sectors such as water and sanitation, where smaller-scale
providers play a significant role.

Alternatively, specialized private databases, such as IJGlobal—along

with others with similar characteristics—represent an alternative source

of information for analyzing private investment in infrastructure and are
considered among the best available for tracking project-based private
investments (Gl Hub, 2022). This database offers a higher level of detail at
the project level, as it allows for the identification of the financial transactions
involved in such operations—information that is not always available in
publicly accessible databases. However, it also has structural limitations.

In particular, transaction coverage is not exhaustive; there is a bias toward
larger projects; and the information available on low- and middle-income
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countries is more limited than that for high-income economies. Furthermore,
like the PPI database, these sources focus on private investments structured
at the project level (project finance), and thus do not capture a significant
portion of private investment carried out through corporate financing, which
may represent a substantial share of total investment in certain infrastructure
sectors operated by private providers (e.g., water utilities in some countries in
the region).

Ultimately, the sources typically used to estimate private infrastructure
investment are largely biased toward reporting financial transactions or
contractual arrangements carried out through project finance instruments
and in large-scale projects that are easily identifiable, which results in
underreporting of the total investment amount. Furthermore, since these data
report the total amount committed to or financed for infrastructure projects,
the assumptions regarding how that amount can be interpreted in terms of
investment flows are far from trivial. As a result, investments funded with
equity capital by both users and infrastructure service concessionaires are
rarely included in such estimates.

Addressing these shortcomings in the identification of infrastructure
investment, as well as providing a solid foundation for interpreting these
figures in terms of annual investment flows, is an important task for
understanding the evolution of infrastructure gaps in the region. This paper
presents evidence that there is indeed a divergence between the observed
evolution of indicators of infrastructure service coverage and quality and
what would be expected based on the best available data on investment

in these sectors in the region. This divergence admits several explanatory
channels. On the one hand, the temporal lag between the flow of investment
and its maturation into effective services—which varies significantly

across sectors (Box 1)—implies that part of the distance between reported
investment and observed progress may simply be due to the timing of works.
On the other hand, own-account investment by firms and households, whose
magnitude is far from negligible (Box 6), suggests that a relevant share of
the progress in coverage could stem from investments that are not reflected
either in the estimated needs or in the investment series used. Identifying
more precisely both the magnitude and the channels of this divergence is
therefore essential for establishing productive policy dialogues.
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Concluding Remarks

The updated estimates presented in this document show that Latin America
and the Caribbean have made real progress in terms of coverage and
improvements in the quality of infrastructure services during the period
analyzed. However, this progress is insufficient to achieve the targets
associated with the Sustainable Development Goals within the originally
established timeframe. In the absence of a substantial change in the current
trajectory, the region would not be able to close the identified infrastructure
gaps by 2030.

A key finding of the study is that the observed pace of improvement in
coverage and quality indicators is difficult to reconcile with the levels of
infrastructure investment reported by the available data sources, even
under the assumption that investment is being implemented efficiently,
without cost overruns or delays. In several countries, these investment
levels—if taken as representative of the actual investment effort—would
barely be sufficient to cover the replacement and maintenance costs of
the existing infrastructure stock, making it difficult to explain the observed
improvements in service provision.

The main hypothesis put forward in this study is that this divergence is
largely explained by the underreporting of infrastructure investment. This
underreporting is likely associated with structural challenges in properly
identifying public investment across different levels of government and
through state-owned enterprises, as well as with the lack of dedicated
databases that comprehensively capture private infrastructure investment. In
the latter case, the available information is often an incomplete approximation
based on infrastructure financing data, which does not necessarily reflect the
total investments actually made. Furthermore, the assumptions underlying
how these commitments translate into annual investments are not trivial and
could lead to different estimates of annual investment levels.

Establishing accurate and comparable levels of infrastructure investment is
therefore a matter of paramount importance. Having more precise metrics
is key not only for effective communication with policymakers but also for
conducting more realistic project planning and budgeting exercises and for
setting investment targets consistent with established development goals.
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Closing this information gap requires progress in developing new
measurement mechanisms. Among these, the following stand out: the
incorporation of specific infrastructure investment identifiers into public
accounts; the development of infrastructure satellite accounts within the
framework of national accounts; and the creation of private investment
databases that adequately represent small- and medium-sized projects,
as well as those schemes that utilize other types of financing linked to
corporate structures. Furthermore, to increase the comprehensiveness of
private investment identification, efforts should be made to ensure that the
data are not limited solely to project financing but also incorporate capital
investments made by both concessionaires and service users themselves
in public infrastructure projects. Advancing this agenda is essential for
improving the quality of analysis and strengthening infrastructure decision-
making in the region.

That said, the underreporting of investment is not the only possible
explanation for this divergence. A complementary reading emerges from

the evidence gathered in this study itself: the cost of closing each unit of

the gap has been declining steadily. Low-earth-orbit satellite connectivity,
analyzed in Box 2, and decentralized rural electrification solutions—mini-grid
and individual systems—make it possible to provide access in generally more
remote areas at a substantially lower cost; to this are added slower population
growth and urbanization, which reduce the per-person cost of each
connection. Consequently, part of the region’s progress could be explained
not only by investment being undervalued, but also because closing the gap
is less costly today than it was five years ago.

Existing estimates indicate that, at the reported levels of investment,

Latin America and the Caribbean would be unable to close the identified
infrastructure gaps. It is therefore essential to confront these predictions with
the observed empirical evidence. The history of scientific thought reminds us
that, even when evidence contradicts dominant conceptual frameworks, its
validity is not diminished. In this regard, the evidence compiled in this study
shows that, despite investment levels that appear to fall short of estimated
requirements, the region has made tangible—albeit insufficient—progress on
several of the coverage and quality indicators considered. As Galileo Galilei
is said to have remarked when acknowledging the primacy of empirical
evidence over the dogmas of his time, “eppur si muove.” The region is making
progress, and understanding why it is doing so is a central issue for the
design of public policies.
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This Annex describes the methodologies used to estimate the infrastructure
gap in Latin America and the Caribbean (LAC) for achieving the SDGs by
2030. It also details the information sources used, as well as the main
assumptions underlying the estimate.

A. GENERAL ASPECTS

This section of the Annex describes the calculation methodologies, information
sources, and assumptions used for variables that affect calculations in more
than one sector (demographic estimates, GDP projections, and general aspects
of calculating investment in asset maintenance).

A1. Demographic Estimates

Estimating the infrastructure gap for household services requires identifying
the population that currently lacks coverage, as well as estimating the
increase in demand expected by 2030 from population growth.

The demographic data used to make the estimates were obtained from the
World Bank. This information is based on the World Population Prospects
compiled by the United Nations Department of Economic and Social
Affairs. This database provides population figures and other demographic
estimates and projections from 1960 to 2050 for more than 200 economies,
including population data broken down by age groups, sex, and geographic
location (urban/rural), as well as data on fertility, mortality, and migration,
among others.

Household service coverage indicators (water and electricity) are typically
expressed as the share of households served. Converting the estimated
populations into a number of households therefore requires data on average
household size (inhabitants per household). To estimate the number of
households, this study considered two different household sizes per
country: one for the urban population and another for the rural population.
The information used to calculate these household sizes is based on the
population ratios reported in Brichetti et al. (2021).

The calculated household sizes remained constant throughout the entire
study period. In this regard, it should be noted that a gradual decline in
average household size is expected in the coming years, due to rising
incomes and the urbanization process the region is undergoing. Therefore,
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the decision to hold it constant may introduce a downward bias in the
estimates of gaps in household services. This is because using a household
size higher than the actual one leads to an underestimation of the number
of households requiring connection to these services. However, this effect
is expected to be marginal, given that the trend in average household size
is gradual and the period under analysis (2025-2030) is limited. Table A.1
summarizes the key demographic data used for the estimation.
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A.2. GDP Projections

Although infrastructure gaps have been estimated in current dollars
throughout the study, the results are also expressed as a percentage of GDP
to illustrate the relative investment effort required to close the identified gaps.
The GDP data used corresponds to those reported on the World Bank's World
Development Indicators (WDI) webpage for the countries of the region’.
According to that source, regional GDP in 2024 amounted to USD 6,724,524
million.

Furthermore, the gap calculation is a forward-looking exercise, which
requires projections of the region’s growth to characterize the investment
effort. However, estimating the future economic growth of each country

is beyond the scope of this study. Therefore, to make these projections,

we used the official estimates of real GDP growth for Latin America and

the Caribbean published by the International Monetary Fund in the World
Economic Outlook (April 2025). Specifically, the real GDP growth rates
projected by the International Monetary Fund (IMF) for 2025 and 2026—2.0%
and 2.4%, respectively—were considered and used as the central assumption
for characterizing the required investment effort. Additionally, sensitivity
analyses were conducted by modifying the projected growth rate by £20%
relative to the baseline scenario defined based on these projections, with the
aim of illustrating the impact this assumption may have on the investment
effort needed to close the gaps.

The annual investment effort, expressed as a percentage of regional GDP,
reported in this study is calculated using the following formula:

t=2030
51 I,
=z t—2024
6 t;m PBlozs- (1 +7)

Where:
. ﬁ : Annual investment effort (as a percentage of regional GDP)
« I : Total investment made each year to close the gaps
o PBIl;(34 : LAC GDP reported by the World Bank for 2024
e Y : Expected annual GDP growth rate

7 Updated as of January 2026.
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A.3. General aspects of calculating investment in the
maintenance and replacement of assets

The calculation of the gaps incorporates the costs of maintaining and
replacing the infrastructure necessary to provide services. In this regard, two
clarifications are necessary:

1. The maintenance costs included in the calculation were estimated
as those required to keep infrastructure assets operating optimally
throughout their expected useful life. The calculation also includes
the investments required to replace assets once their expected useful
life has ended. To determine the replacement profile of the existing
asset stock, it was assumed that existing investments were made in
a smooth manner, that is, without discontinuities in the investment
process over time.

2. The investment required to cover maintenance costs is not
independent of the investment profile assumed for closing
infrastructure gaps. This study considers two alternative investment
profiles for closing those gaps. The first assumes constant investment
in nominal terms; that is, the same amount is invested each year.
The second assumes that countries invest a constant share of GDP
each year, which, given the expected rate of economic growth,
implies increasing investment amounts over time. For the purpose
of estimating the investment effort presented in this study, the first
investment profile—namely, constant investment in nominal terms—
has been adopted.

B. CALCULATION OF THE INFRASTRUCTURE GAP IN THE
ELECTRICITY SECTOR

In this study, the infrastructure gap was estimated by considering two
dimensions of electricity service: ensuring universal access to electricity and
ensuring an adequate supply of electricity, considering estimates from the
IDB's Energy Division.

B.1. Calculation of the Electricity Access Gap

To calculate the infrastructure gap and the investments needed to ensure
universal access to electricity, it was necessary to define the target to be
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achieved in accordance with the relevant SDG, collect data on electricity
access levels in urban and rural areas of each country, determine the unit
costs of providing access, and establish a methodology for calculating the
investment required for asset maintenance and replacement.

B.1.1. Defining the Target in Accordance with the Relevant SDG

The relevant SDG in this case is Goal 7, which states the need to “ensure
access to affordable, reliable, sustainable, and modern energy for all.”
Consequently, the objective of closing access gaps is to ensure that 100% of
urban and rural households have access to electricity by the year 2030.

B.1.2. Sources of Information for Electricity Access Indicators

For electricity service coverage, both urban and rural, the estimates were
updated using information available on the IDB’s EnergyHub. Specifically, the
share of the total population with access to electricity for the year 2023—
the most recent year for which data is available—was used. Based on this
indicator, the number of people without access to electricity was estimated
and subsequently converted to the number of households by applying the
corresponding demographic assumptions. This procedure made it possible
to estimate the number of urban and rural households without access to
electricity, which was used in the gap analysis.

B.1.3. Unit Costs

To determine the unit costs of providing access to electricity to unconnected
households, four relevant costs were identified related to the infrastructure
solution deemed most appropriate: costs of connecting to the urban grid;
costs of connecting to and expanding rural grids; costs of connecting to an
isolated rural system configured as a mini-grid; and costs of connecting to
an individual isolated rural system. Each of these costs was estimated at the
national level.

The share of households requiring each type of solution was determined
following the guidelines of the EnergyHub's study on estimating investment
gaps for achieving universal access to residential electricity in Latin America
and the Caribbean. By aggregating the various gaps identified at the
country level, average costs were obtained at the regional level, which were
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subsequently adjusted for inflation over the 2018-2023 period, resulting
in a unit cost of USD 1,009 per urban household and USD 2,414 per rural
household.

B.1.4. Procedure for Calculating the Electricity Infrastructure Gap

The procedure for calculating and assessing the infrastructure gap to ensure
access to electricity service was as follows:

o First, the number of households per country, both urban and rural,
that lacked access to electricity was determined.

o Second, the projected growth in the number of households through
2030 was determined in line with projected population growth. This
estimate was made by dividing the projected population increase by
the average number of inhabitants per household by geographic area
(urban/rural).

e Third, the number of households was multiplied by the corresponding
unit cost; that is, the investments required to provide access to both
current households without service and those projected through 2030
were calculated, differentiating the unit cost by urban or rural area.

B.1.5. Methodology for Determining Asset Maintenance and
Replacement Costs

To estimate the investment required to maintain the grid in optimal condition,
it was necessary to estimate the value of the existing infrastructure stock.
Based on the available information, the number of households connected

to the electric grid—in both urban and rural areas—was multiplied by

the previously defined average unit costs. Additionally, the value of the
infrastructure stock was depreciated using a straight-line method to account
for the loss in value of the assets resulting from their use over time.

The annual investment required to cover asset replacement corresponds to
annuities that replace the net value of existing assets, assuming a useful life
of 30 years. Meanwhile, the cost of infrastructure maintenance was estimated
using a rate of 2% per year of the estimated value of total assets, including
new investments.

Because these values are model parameters, the estimates can be subjected
to sensitivity analysis when the assumptions change.
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B.2. Calculation of the Electricity Generation and Transmission
Gap

Estimating the infrastructure gap in electricity generation and transmission
required defining the target to be achieved in line with the corresponding
Sustainable Development Goal, compiling projections on the increase in
electricity demand, and estimating the associated investment needs.

B.2.1. Definition of the Target in Accordance with the Relevant
SDG

The relevant SDG in this case is Goal 7, specifically Target 7.1 ("By 2030,
ensure universal access to affordable, reliable, and modern energy services")
and Target 7.2 ("By 2030, substantially increase the share of renewable
energy in the energy mix"). In the absence of explicit quantitative targets for
investments in transmission and generation, as well as quantification of the
energy mix transition, we followed the investment pathway established in
studies conducted by IDB specialists (Yepez-Garcia, Ji, Hallack, and Lopez
Soto, 2019; Yepez-Garcia, Hallack, Mejdalani, and Lopez Soto, 2021). Based
on countries’ electricity generation expansion plans in LAC and projections
of future electricity demand, those studies estimate the investment needs for
the 2020-2030 period required both to expand generation capacity, in line
with each country's energy policy objectives, and to replace generation plants
that reach the end of their service life.

Generation expansion plans are typically reviewed periodically to ensure
consistency with countries’ Nationally Determined Contributions and other
interim climate objectives, raising their ambition in line with the goals

of the Paris Agreement. This suggests that countries may increase the

share of renewable energy sources beyond what was originally planned in
order to meet more ambitious climate commitments. Increasing the share

of renewable energy generally affects not only investment in generation
capacity but also the complementary investments required to ensure that the
electricity grid can reliably accommodate the intermittency associated with
these new generation sources. With respect to Target 7.2, it is worth noting
that the modeling results indicate that the resulting electricity generation mix
not only meets the projected electricity demand but also increases the share
of non-conventional renewable energy in electricity generation in LAC from
7.9% to 17.1%. At the same time, the overall share of emissions-free electricity
generation is estimated to increase from 63.4% to 70.4%. In the present
update, this target is retained as the benchmark for estimating the electricity
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generation and transmission investment gap, consistent with the approach
adopted by Brichetti et al. (2021).

Given the above, these investments should be treated as a minimum threshold
in terms of climate change mitigation efforts, since the scenario developed
may not be fully aligned with Goal 2 of the Paris Agreement, which is to

"hold the increase in the global average temperature well below 2°C above
pre-industrial levels, and to pursue efforts to limit the temperature increase
to 1.5°C above pre-industrial levels (...)". This is because the estimates are
not directly linked to a scenario of deep decarbonization of economies
toward net-zero emissions, nor do they consider the electrification of various
components of demand currently met by more polluting sources (which

will require greater power capacity), nor do they account for investments

in technology upgrades or other reduction efforts involving other energy
sources, such as in the industrial or transportation sectors.

B.2.2. Sources of Information for Determining the Expected
Increase in Electricity Demand

In the original estimate of the infrastructure gap in electricity generation
and transmission (Brichetti et al., 2021), the expected electricity demand
was determined following the guidelines set forth in Yepez-Garcia, Ji,
Hallack, and Lopez Soto (2019) and their recent update by Yepez-Garcia,
Hallack, Mejdalani, and Lopez Soto (2021). In these studies, the estimation
of future electricity demand was carried out using an econometric method
that employs the main determinants of electricity demand identified in the
literature (GDP, oil price, electricity price, among others) as inputs and
calibrates the parameters on the 1971-2019 historical period.

The original study used the electricity demand estimates from Yepez-Garcia,
Hallack, Mejdalani, and Lopez Soto (2021), which predict an annual increase
in regional electricity demand of 2.8%. This scenario exceeds the increases
in electricity demand in the region over the past decade (1.8% annually on
average). The reasons why projected demand exceeds the historical average
are linked to the trend toward electrification of activities in the region, the
projected increase in GDP—which affects electricity consumption in a
nonlinear manner—and the expectation that the trend toward closing gaps in
access to electricity will continue over the next decade. As a result, achieving
universal access to electricity services will require expanding generation
capacity to meet the growing demand.

This update retains the original electricity demand growth trajectory as the
reference scenario. The available evidence indicates that, following the
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decline recorded in 2020 as a result of the pandemic, electricity demand
quickly resumed a growth trajectory consistent with the projections
considered, which allows us to assume—for the purposes of calculating the
remaining gap toward 2025-2030—that the projected path constitutes a
reasonable approximation of the observed behavior.

B.2.3. Estimates of Investment Needs to Close Infrastructure
Gaps in Electricity Generation and Transmission

The estimate of investment needs to close the infrastructure gap in electricity
generation and transmission in the original study (Brichetti et al., 2021) was
based on the estimates provided in Yepez-Garcia, Hallack, Mejdalani, and
Lopez Soto (2021).

The procedure used by the authors regarding generation was as follows:

» First, the investment required to meet the available electricity
expansion plans of the countries in the region through 2030 was
assessed; this calculation was performed for each country and for
each generation technology, valuing the expansions expressed in
terms of capacity, in accordance with the unit prices reported by the
U.S. National Renewable Energy Laboratory (NREL).

e Second, the additional electricity generation needs were calculated
to bridge the gap between the demand estimated using econometric
models and the average generation resulting from installed capacity
according to the objectives of the expansion plans for the 2020-2030
period. Taking into account each country’s sectoral policies, the
additional electricity generation needs by technology were estimated
based on the composition of the generation mix in the expansion
plans through 2030 (or the final year of the plan, as applicable). By
using average load factors from the NREL model, the need for new
generation by technology is converted into requirements for new
capacity to be installed each year. Finally, this need for additional
generation is valued using the unit prices reported by NREL.

o Third, a plant-level analysis was conducted to estimate the investment
needs associated with the depreciation of the existing generation
stock. This is done by identifying the estimated end of useful life of
each plant by technology and calculating the replacement cost of all
installed capacity reaching the end of its useful life during the 2020-
2030 period.
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Regarding transmission, the authors used the following procedure:

e The estimate was made by calculating a regional historical average of
transmission grid expansion needs per GWh of demand.

» By multiplying this coefficient by the projected increase in electricity
demand, the authors obtained the additional number of kilometers of
high-voltage transmission lines required to provide the service.

e The valuation of this infrastructure was performed using the cost per
kilometer of 400 kV transmission line derived from the World Bank's
META model®.

Finally, two additional cost scenarios for the new infrastructure were
estimated to quantify the impact of projected cost reductions for non-
conventional renewable energy generation (solar, wind, and biofuels) over
the next decade. The first scenario was constructed based on the observed
variation in total installed costs reported by the International Renewable
Energy Agency (IRENA, 2025) in its most recent publication, applying this
trend to the projection period. The second scenario maintains the original
document’s interpretation regarding a context of more pronounced cost
reductions, preserving the gap in percentage points between the two
scenarios and applying it to the updated values.

In the update exercise, and in the absence of more recent information that
would allow for a full replication of the original procedure, the working
assumption is that the expansion path for electricity generation and
transmission evolved as projected in the baseline estimate (Brichetti et al.,
2021). Under this assumption, the structure, parameters, and objectives of
the original model are maintained to estimate the remaining investment needs
through the analysis horizon (2025-2030).

C. CALCULATION OF THE INFRASTRUCTURE GAP IN THE
DRINKING WATER AND SANITATION SECTOR

Based on the JMP definitions, this study estimated the infrastructure gap
for: i) ensuring access to safely managed drinking water, ii) ensuring access

8 The Model for Electric Power Technology Assessment (META) was developed by Chubu Electric
Power Corp. Inc. and Economic Consulting Associates, commissioned by the World Bank's Ener-
gy Sector Management Assistance Program (ESMAP). META provides cost and performance data
for various electricity generation, transmission, and distribution technologies, taking into account
market trends and the latest technological developments.
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to safely managed sanitation, and iii) achieving wastewater treatment in
urban areas.

C.1. Calculation of the infrastructure gap for access to safely
managed drinking water

To calculate the infrastructure gap and the investment needed to ensure
universal access to safely managed drinking water services, it was necessary
to define the target to be achieved in accordance with the corresponding
SDG, collect information on water access levels (according to different
service standards in urban and rural areas), determine the unit costs of
providing access, and define the procedure for calculating the gap and a
methodology for calculating the investment required for asset maintenance
and replacement.

C.1.1. Defining the Target in Accordance with the Relevant SDG

The relevant SDG in this case is Goal 6, specifically Target 6.1, which states
the need to “achieve universal and equitable access to safe drinking water
at an affordable price for all.” Consequently, the objective of closing access
gaps is to ensure that 100% of urban and rural households have access to
safely managed water services by 2030.

C.1.2. Sources of Information for Drinking Water Service Access
Indicators

For drinking water service coverage in Latin America and the Caribbean, official
data from the JMP were used directly. Specifically, the shares of the total
population with access to basic and safely managed drinking water services
were used, as well as the corresponding shares for the urban population,
based on the latest available data. These indicators served as the basis for
estimating the population and households with and without access to drinking
water services under the various standards considered in this analysis.

C.1.3. Unit Costs

To update the unit costs of providing access to drinking water services under
the various service delivery standards, the original estimate from Brichetti et

86
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al. (2021) was used as a starting point. In that study, unit costs were defined
based on an analysis of multiple projects and sectoral studies, including Peru's
National Infrastructure Plan, the Dominican Republic’s National Infrastructure
Plan, estimates of infrastructure gaps for the countries of the Andean
Community, as well as information provided by IDB specialists based on
operational projects in countries such as Panama and Paraguay. The unit costs
reported in Hutton and Varughese (2016), prepared by the World Bank, were
also considered. For a detailed description of the sources and the procedure
used for the original estimation of unit costs, see Brichetti et al. (2021).

On this basis, the unit costs defined in the original exercise were updated
through an inflation adjustment for the period between 2018 and 2024, using
the U.S. Consumer Price Index. The resulting average regional connection
costs per capita, used to quantify the investment gap in the drinking water
sector, are USD 443 for basic urban access, USD 582 for safely managed
access in urban areas, USD 180 for basic rural access, and USD 547 for
safely managed access in rural areas.

C.1.4. Methodology for calculating the gap in access to safely
managed drinking water

The procedure for calculating and assessing the infrastructure gap to ensure
access to safely managed drinking water was as follows:

o First, the number of households per country—both in urban and rural
areas—with basic access to safe drinking water and with access to
safely managed drinking water was determined, in accordance with
JMP definitions. Additionally, the number of households without a
drinking water service meeting any of the aforementioned standards
was estimated.

e Second, the projected growth in the number of households through
2030 was determined in line with projected population growth. This
estimate was calculated by dividing the projected population increase
by the average number of people per household by geographic area
(urban/rural).

e Third, the number of households requiring access was multiplied
by the corresponding unit cost. For new households resulting from
expected population growth and for those lacking basic drinking
water service, the cost of a new, safely managed drinking water
connection was used. For households that had only basic access
to water, an improvement cost was considered, calculated as the
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difference between the cost of a connection to a safely managed
water service and the cost of a basic water connection.

C.1.5. Methodology for Determining Asset Maintenance and
Replacement Costs

To estimate the investment required to maintain drinking water services

in optimal condition, it was necessary to estimate the value of the existing
infrastructure stock. Based on the available information, the number of
households categorized by connection type (basic water, safe water), in both
urban and rural areas, was multiplied by the previously defined unit costs.
Additionally, the value of the infrastructure stock was depreciated using a
straight-line method to account for the loss in value of the assets resulting
from their use over time.

The annual investment required for asset replacement corresponds to
annuities that replace the net value of existing assets, assuming a useful life
of 30 years. Meanwhile, the cost of infrastructure maintenance was estimated
using a rate of 2% per year of the estimated value of total assets, including
new investments.

Because these values are model parameters, the estimates can be subjected
to sensitivity analysis when the assumptions change.

C.2. Calculation of the Gap in Access to Safely Managed
Sanitation

To calculate the infrastructure gap and the investments needed to ensure
access to safely managed sanitation services, it was necessary to define the
target to be achieved in accordance with the relevant SDG, collect information
on access to sanitation (according to different service standards in urban

and rural areas), determine the unit costs of providing access, and establish
the procedure for calculating the gap and a methodology for calculating the
investment required for asset maintenance and replacement.

C.2.1. Defining the Objective in Accordance with the Relevant
SDGs

The relevant SDG in this case is Goal 6, specifically Target 6.2, which states
the need to "achieve access to adequate and equitable sanitation and hygiene
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services for all and end open defecation, paying special attention to the
needs of women and girls and people in vulnerable situations.” Consequently,
the objective of closing access gaps is to ensure that 100% of urban and rural
households have access to safely managed sanitation services by 2030.

C.2.2. Sources of Information for Sanitation Service Access
Indicators

In the case of sanitation service coverage in Latin America and the
Caribbean, official data from the JMP were used directly. Specifically, the
shares of the population with access to basic and safely managed sanitation
services were used, based on the latest available data. These indicators
served as the basis for estimating the population and households with and
without access to sanitation services under the various standards considered
in this analysis.

C.2.3. Unit Costs

Two main sources were used to update the unit costs of providing access

to sanitation services under the various service delivery standards. First, for
urban areas, information was drawn from Lentini (forthcoming), a document
soon to be published by the Inter-American Development Bank that provides
an in-depth analysis of the sanitation sector in Latin America and the Carib-
bean and presents unit costs disaggregated by type of technological solution
and city size. Second, for rural areas, the analysis was based on the original
estimate from Brichetti et al. (2021). In that study, unit costs were determi-
ned based on an analysis of multiple projects and sectoral studies, including
Peru’s National Infrastructure Plan, the Dominican Republic's National Infras-
tructure Plan, estimates of infrastructure gaps for the countries of the Andean
Community, as well as information provided by IDB specialists based on ope-
rational projects in countries such as Panama and Paraguay. For a detailed
description of the sources and the procedure used for the original estimation
of unit costs, see Brichetti et al. (2021). Finally, the orders of magnitude of
the unit costs considered for both the urban and rural sectors were validated
against those reported in Hutton and Varughese (2016), a World Bank study
documenting the costs of providing sanitation services under different quality
standards for a broad set of countries in Latin America and the Caribbean.

On this basis, for urban areas, the regional average cost per inhabitant re-
ported in Lentini (forthcoming) is used, which amounts to USD 842 for basic
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urban access and USD 1,027 for safely managed access. For rural areas, the
study uses the unit costs defined by Brichetti et al. (2021), updated with an
inflation adjustment for the period 2018-2024 using the U.S. Consumer Price
Index, resulting in values of USD 655 for basic rural access and USD 918 for
safely managed access in rural areas.

C.2.4. Procedure for Calculating the Safe Sanitation
Infrastructure Gap

The procedure for calculating and assessing the infrastructure gap to ensure
access to safely managed sanitation was as follows:

o First, the number of households per country, both in urban and
rural areas, with basic access to sanitation and with access to
safely managed sanitation was determined, in accordance with
JMP definitions. Additionally, the number of households without a
sanitation service meeting any of the aforementioned standards was
estimated.

o Second, the projected growth in the number of households through
2030 was determined in line with projected population growth.
This estimate was calculated by dividing the projected population
increase by the average household size for each geographic area
(urban/rural).

e Third, the number of households was multiplied by the corresponding
unit cost. For new households resulting from expected population
growth and for those lacking basic sanitation services, the cost of a
new connection to a safely managed sanitation system was used. For
households that had only basic access to sanitation, an improvement
cost was considered, calculated as the difference between the cost
of a connection to a safely managed sanitation service and the cost
of a basic sanitation solution.

C.2.5. Methodology for Determining Asset Maintenance and
Replacement Costs

To estimate the investment required to maintain sanitation services in optimal
condition, it was necessary to estimate the value of the existing infrastructure
stock. Based on the available information, the number of households
categorized by type of solution (basic, safe), in both urban and rural areas,
was multiplied by the previously defined unit costs. Additionally, the value
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of the infrastructure stock was depreciated using a straight-line method to
account for the loss in value of the assets resulting from their use over time.

The annual investment required to cover asset replacement corresponds to
annuities that replace the net value of existing assets, assuming a useful life
of 30 years. Meanwhile, the cost of infrastructure maintenance was estimated
using a rate of 2% per year of the total value of the assets—including

new investments—based on the maintenance cost estimates reported by
specialists from the Water and Sanitation Division in Panama.

Because these values are model parameters, the estimates can be subjected
to sensitivity analysis when the assumptions change.

C.3. Calculation of the wastewater treatment gap

To calculate the infrastructure gap and the investments needed to ensure
wastewater treatment, it was necessary to define the target to be achieved in
accordance with the relevant SDG, collect information on the current level of
wastewater treatment, determine unit costs, and establish the procedure for
calculating the gap.

C.3.1. Defining the Target in Accordance with the Relevant SDGs

The relevant SDG in this case is Goal 6, specifically Target 6.3, which states
the need to "improve water quality (...) by halving the proportion of untreated
wastewater (...)". Nevertheless, for the calculation of the infrastructure gap,
we have assumed that, by 2030, all wastewater generated by the population
in urban areas in LAC must be treated at a treatment plant. This exceeds the
target set in Target 6.3; however, it is consistent with Target 6.1, which calls
for universal access to safely managed sanitation, and also contributes to the
achievement of other SDGs, such as those related to the conservation of life
below water (SDG 14), the sustainability of cities (SDG 11), and actions related
to climate change (SDG 13).

C.3.2. Sources of Information for Wastewater Treatment
Indicators

Regarding the level of wastewater treatment in LAC, this study uses data
reported by the World Health Organization on the SDG 6.3.1 tracking page.
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It should be noted that each country’s profile was verified to determine the
national share of treatment via treatment plants (excluding septic tanks). The
share of treatment in urban areas was then calculated on the assumption that
all plant-based treatment occurs exclusively in urban areas.

Data on wastewater treatment levels are available for the following countries:
Argentina, Brazil, Chile, Colombia, Ecuador, El Salvador, Mexico, and Peru.
There is no reasonable basis for assigning wastewater treatment percentages
to countries with missing data; therefore, it must be assumed that this aspect
of the estimate underestimates the wastewater treatment gap. The impact

of this data limitation is small, as the countries included in the calculation
account for 80% of the LAC population in 2030.

C.3.3. Unit Costs

To quantify the unit costs of providing wastewater treatment, cost data,
expressed in dollars per capita, were compiled for various technologies. A
review of the relevant literature has identified five types of technology, ranked
by average cost: i) lagoons, ii) UASBS, iii) primary treatment, iv) trickling
filters, and v) activated sludge.

Unit cost data by technology were compiled from the document “Cost Model
for Wastewater Treatment in the Region,” published by Salas et al. (2007).
These costs were adjusted for inflation to 2024 prices.

Peru’'s “National Sanitation Plan 2017-2021" and “National Sanitation Sector
Investment Plan 2014-2021" were also reviewed; these documents include
a unit cost that is not broken down by technology and whose value exceeds
that considered in this study.

Furthermore, for the calculation of the wastewater treatment infrastructure
gap, it is assumed that each of the technological solutions will contribute

in equal proportion to closing the wastewater treatment infrastructure

gap. Both the unit costs and the share of each technology within the
technological mix used by each country are model parameters; therefore, it
is possible to conduct a sensitivity analysis of the estimates in response to
changes in the assumptions.

9 Upflow Anaerobic Sludge Blanket (UASB) Reactor.
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C.3.4. Procedure for Calculating the Infrastructure Gap and
Investment Needs for Wastewater Treatment

The procedure for calculating and assessing the infrastructure gap to ensure
wastewater treatment was as follows:

e First, the number of people in urban areas whose wastewater
is currently untreated was determined, based on the projected
population through 2024. This was calculated by difference, since the
percentage of the urban population with treated wastewater is known.

e Second, to calculate the current wastewater treatment infrastructure
gap, the urban population without treatment was multiplied by the
average unit cost (expressed in USD per capita), assuming that each
technological solution contributes equally to closing the treatment gap.

e Third, to calculate the investment required to treat the wastewater
that will be generated as a result of population growth, the average
unit cost of treatment was multiplied by the increase in the urban
population between 2024 and 2030.

D. CALCULATION OF THE INFRASTRUCTURE GAP IN THE
TELECOMMUNICATIONS SECTOR

This study estimated the infrastructure gap in relation to two dimensions
of telecommunications service: ensuring access to residential broadband
services and ensuring access to mobile telecommunications.

D.1. Calculation of the Gap in Access to Telecommunications
Services

To calculate the infrastructure gap for ensuring access to telecommunications
services, it was necessary to define the target to be achieved in accordance
with the relevant SDG, collect information on access to telecommunications
services according to different technologies and service standards,
determine the relevant unit costs, define the procedure for calculating the
gap, and establish a methodology for calculating the investment required for
asset maintenance and replacement.
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D.1.1. Definition of the Objective in Accordance with the Relevant
SDG

The relevant SDG is Goal 9, and specifically Target 9.c, which highlights the
need to “significantly increase access to information and communications
technology and strive to provide universal and affordable Internet access

in the least developed countries.” In this case, because the SDGs do not
provide a clear target to be achieved, this study will define the gap in relative
terms compared to the access provided in developed countries through two
technologies: home broadband and mobile internet access under the 4G
standard.

D.1.2. Sources of Information on Indicators of Access
to Residential Broadband Services and Mobile
Telecommunications Services Under 3G, 4G, and 5G Standards

The information used to characterize coverage in the telecommunications
sector comes from two main sources. For fixed broadband service coverage in
households, the indicator of the number of fixed broadband connections per
100 inhabitants was used, as reported in the World Bank's World Development
Indicators (WDI) for the year 2023. Meanwhile, information regarding

the coverage of 3G, 4G, and 5G mobile networks was obtained from the
databases of the International Telecommunication Union (ITU),which report
the coverage of these services for the year 2024.

D.1.3. Unit Costs

To update the unit costs of providing access to telecommunications services,
we used the unit costs defined in the original study estimating infrastructure
gaps for Latin America and the Caribbean. In that study, costs were estimated
based on information from sectoral studies and infrastructure projects
relevant to the region, including Peru’s National Infrastructure Plan, the
Dominican Republic’'s National Infrastructure Plan, and infrastructure gap
estimates for the countries of the Andean Community, as well as an analysis
of projects with different geographic, demographic, and technological
characteristics. Since telecommunications coverage indicators are expressed
in terms of population covered, unit costs were defined as infrastructure
costs per covered inhabitant, with the aim of capturing, in a concise manner,
the heterogeneity of provision costs associated with different urban and rural
environments. For a detailed description of the sources and the procedure
used for the original estimation of unit costs, see Brichetti et al. (2021).


https://datacatalog.worldbank.org/dataset/world-development-indicators
https://datacatalog.worldbank.org/dataset/world-development-indicators
https://www.itu.int/en/Pages/default.aspx
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On this basis, the unit costs used in this exercise were adjusted for inflation
between 2018 and 2024, using the U.S. Consumer Price Index, to express
them in monetary values consistent with the document's base year. For fixed
broadband technologies and 3G and 4G mobile networks, this procedure
involved directly updating the unit costs from the original estimate.

Fifth-generation (5G) mobile networks were not explicitly considered in the
original study. Consequently, for this exercise, it was necessary to specifically
estimate the unit cost associated with providing access to 5G networks, using
a methodology designed to capture the incremental cost relative to already
deployed 4G networks. The analysis began with the unit cost of providing
access to 4G networks and applied two adjustment factors. The first captures
the increase in capital and operating costs (CAPEX and OPEX) associated
with the deployment of 5G networks, which, according to McKinsey &
Company (2018), can reach up to 2.1 times the costs of 4G networks. The
second reflects the increase in the density of base stations needed to deploy
5G networks, estimated at between 2.7 and 3.5 times the number of antennas
required for 4G networks, according to technical information cited in an

IDB study for the year 2020 (Garcia Zeballos et al., 2020). The combination
of these two factors captures both the higher unit cost per antenna and

the greater number of antennas required, yielding an estimate of the total
incremental cost of the migration from 4G to 5G.

As a result of this procedure, the per-capita unit costs used to quantify the
investment gap in the telecommunications sector amount to USD 267 for
providing access to 3G mobile networks, USD 267 for upgrading from 3G

to 4G, USD 533 for providing access to 4G mobile networks, USD 2,030

for upgrading from 4G to 5G, and USD 2,563 for providing access to 5G
mobile networks. In the case of fixed broadband in households, unit costs
are estimated based on country-specific values, consistent with the updated
costs used in the exercise.

D.1.4. Procedure for Calculating the Telecommunications
Infrastructure Gap

The procedure for calculating and assessing the telecommunications
infrastructure gap is the sum of the gaps identified in residential broadband
service and in 3G, 4G, and 5G mobile services.

The procedure for determining the infrastructure gap in residential broadband
service was as follows:
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First, the difference was determined between the number of
inhabitants per country with access to residential broadband service
and the number of inhabitants required to reach the coverage levels
of the benchmark countries (the median of Asian countries as
determined in the Dominican Republic's infrastructure gap study).

In countries where access levels were higher than those of the
benchmark countries, it was determined that short-term investment to
provide additional coverage was not necessary.

Second, based on projected population growth through 2030, the
study determined how many new residents would need access

to residential broadband service to reach the coverage levels of
benchmark countries. Where the country's coverage level already
exceeded that of the benchmark countries, it estimated the number
of residents who would need to be guaranteed access in order to
maintain current coverage levels.

Third, the number of residents requiring access to residential
broadband services—as estimated in steps (1) and (2)—was
multiplied by the respective unit cost.

Meanwhile, the procedure for determining the infrastructure gap in mobile
telecommunications services under the 4G and 5G standards was as follows:

1.

First, the number of residents per country with access to
telecommunications under 3G, 4G, and 5G standards was
determined.

Second, based on projected population growth through 2030,

the number of residents requiring access to 4G and 5G
telecommunications services was determined in order to achieve
the coverage levels of the benchmark countries (Asian countries, as
reported in the Dominican Republic's infrastructure gap study for 4G,
and Asian countries based on our own calculations using ITU data
for 5G).

Third, the number of residents who already had access to 4G and 5G
communications networks in 2020 was subtracted from the number
of residents determined in (2).

To calculate the gap, the following cost allocations were made: a)
Residents who had 3G network coverage but not 4G coverage were
allocated the unit cost of upgrading from 3G to 4G, as reported in the
preceding section; b) the remaining population—necessary to reach
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the 4G coverage level defined in subsection (2) and not covered

by the calculation in subsection (a)—was allocated the unit cost of
directly providing the 4G service; c) once the gap required to achieve
coverage under the 4G standard was calculated, the remaining
population that—while already having access to 4G networks—did not
meet the 5G coverage level defined in subsection (2) was identified;
d) This difference in population was allocated the unit cost of the
upgrade from 4G to 5G or, where applicable, the unit cost of directly
providing the 5G service, as reported in the preceding section.

D.1.5. Methodology for Determining Asset Maintenance and
Replacement Costs

To estimate the investment required to maintain telecommunications services
in optimal condition, it was necessary to estimate the value of the existing
infrastructure stock. Based on the available information, the number of
residents covered by the various services (residential broadband, 3G, 4G,
and 5G telecommunications) was multiplied by the previously defined unit
costs. Additionally, the value of the infrastructure stock was depreciated
using a straight-line method to account for the loss in value of the assets
resulting from their use over time.

The annual investment amounts required to cover asset replacement
correspond to annuities that allow for the replacement of the net value of
existing assets. For this purpose, a useful life of 15 years was used for the
assets, reflecting the rapid obsolescence of some assets within this sector.
Meanwhile, the cost of infrastructure maintenance was estimated using a
rate of 2% per year of the estimated value of total assets, including new
investments.

Because these values are model parameters, the estimates can be subjected
to sensitivity analysis when the assumptions change.

E. CALCULATION OF THE INFRASTRUCTURE GAP IN THE
TRANSPORTATION SECTOR

This study estimated the infrastructure gap in relation to three dimensions
of transportation service: ensuring rural populations’ access to the road
network, providing adequate logistics infrastructure, and ensuring access to
adequate and sustainable mass transit.
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E.1. Calculation of the Infrastructure Gap in Rural Population
Access to the Road Network

To calculate the infrastructure gap and the investments needed to ensure
rural populations’ access to the road network, it was necessary to define
the target to be achieved in accordance with the relevant SDG, collect data
on rural populations' access to the road network, determine unit costs, and
establish the procedure for calculating the gap and the methodology for
calculating the investment required for asset maintenance and replacement.

E.1.1. Defining the Target in Accordance with the Relevant SDG

The relevant SDG is Goal 9, specifically Target 9.1, which states the need to
"develop reliable, sustainable, resilient, and quality infrastructure, including
regional and cross-border infrastructure, to support economic development
and human well-being, with a particular emphasis on affordable and equitable
access for all.” A key indicator for this target is the proportion of the rural
population with access to a road passable year-round and under all weather
conditions within 2 km, as measured by the RAI.

For the purposes of this study, the goal is to ensure year-round passability of
the existing tertiary road network and to increase its coverage in line with its
historical expansion by the year 2030.

E.1.2. Information Sources for Determining the Length and
Passability of Primary, Secondary, and Tertiary Road Networks

The primary source of information for determining the length of the primary,
secondary, and tertiary road networks was the IRF databases. These
databases provide reasonably up-to-date information (from 2016 onward)
on the length and degree of paving of road networks for 18 countries in the
region. The databases do not provide information on the condition of the
roads or their passability throughout the year.

Additionally, the IRF information was supplemented with data collected

from national public sources, with the aim of validating and, if necessary,
correcting the information used in the analysis. As a result of this process, a
consistent, cross-country comparable dataset on the length and composition
of road networks, including the length of highways, major or national roads,
secondary or regional roads, other roads, the total length of the network, the
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percentage of the network that is paved, as well as the total kilometers of
paved and unpaved roads.

E.1.3. Unit Costs

To estimate the unit costs of construction and maintenance of road networks,
this study uses version 2.3 of the World Bank's Road Costs Knowledge
System (ROCKS) database as its primary source. This database compiles
information on unit costs for construction, routine maintenance, and periodic
maintenance of road networks, broken down by road type and region, based
on the systematization of thousands of projects financed by multilateral
development banks (MDBs) in low- and middle-income countries.

Since the values reported in this database are expressed in constant 2000
dollars, they were updated to end-of-2023 dollars through an inflation
adjustment using the U.S. Consumer Price Index, obtained from the World
Bank's World Development Indicators. The update factor applied was 1.8292.
This procedure allows unit costs to be expressed in monetary values consistent
with the year of the road transport study, while maintaining the relative cost
structure among the different types of road infrastructure projects.

As a result, the unit costs used to quantify the investment gap in the road
sector, expressed in dollars per kilometer, are as follows: USD 1,856,581 for
widening paved roads from two to four lanes, USD 1,394,971 for constructing
two-lane paved roads, USD 563,072 for upgrading unpaved roads to paved
roads, and USD 61,952 for constructing or rehabilitating gravel roads. In terms
of maintenance, the unit costs used amount to USD 9,919 and USD 75,701

per kilometer for routine and periodic maintenance of four-lane paved roads,
USD 4,960 and USD 37,850 per kilometer for two-lane paved roads, and USD
2,480 and USD 24,685 per kilometer for routine and periodic maintenance of
gravel roads, respectively.

E.1.4. Procedure for Calculating the Rural Access Gap to the
Road Network

To calculate the rural access gap to the road network, multiple calculations
and assumptions were made, depending on the information regarding the
condition and passability of the roads.

For countries without information on the condition of their roads and their
passability, the procedure was as follows:


https://www.doingbusiness.org/en/reports/thematic-reports/road-costs-knowledge-system
https://www.doingbusiness.org/en/reports/thematic-reports/road-costs-knowledge-system

EPPUR SI MUOVE: THE EVOLUTION OF
INFRASTRUCTURE GAPS IN LAC, 2021-2026

» Given that information was available on the total length of the network
and the percentage of paved roads, the number of paved kilometers in
each country’s total road network was determined. Since most of the
paved kilometers are part of the primary and secondary networks, it
was assumed that these roads did not require maintenance to ensure
their year-round passability.

o By difference, the number of unpaved kilometers in the total road
networks was obtained as a residual. With regard to these, the
following assumptions were made for the calculation and assessment
of the gap: i) 30% of the unpaved network did not require any
interventions to ensure its passability, ii) 40% of the unpaved network
required urgent periodic maintenance to ensure its passability, and
iii) 30% of the unpaved network required reconstruction to ensure its
passability throughout the year™.

o Finally, the cost of expanding the road networks in line with their
historical growth was calculated; this includes a 10% increase in
total mileage by 2030; the paving (two-lane) of 10% of the existing
unpaved network by 2030; and the upgrade of 5% of the paved
network (two-lane roads) to highways (four-lane paved roads) to meet
increases in demand.

The values mentioned above are model parameters, so it is possible to
perform a sensitivity analysis of the estimates in response to changes in the
assumptions.

For countries with information on road conditions and passability, a similar
process was carried out, taking the following into account:

o If the reported road condition was good/very good, no interventions
were planned.

» If the condition was fair, it was considered that urgent periodic
maintenance was required.

o If the condition was poor/very poor, the cost of reconstruction was
considered.

e The criteria for road network expansion remained constant for the
group of countries for which no information on the condition of the
road network was available.

10 It should be noted that the World Bank's analysis assumes that a high percentage of unpaved
roads (particularly the kilometers of roads belonging to the tertiary network) does not guarantee
passability according to the World Bank’s Rural Access Index (RAI) standards. To this end, the
analysis was supplemented with the calculation of a self-developed rural road access indicator,
inspired by that concept (see Box 4).
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E.1.5. Methodology for Determining Maintenance and
Replacement Costs of Assets

To estimate the investment required to maintain the road network in optimal
condition, it was necessary to estimate the value of the existing infrastructure
stock. Using unit costs and the total length of the various types of road
networks by country, a value was obtained that was depreciated using a
straight-line method to account for the loss of asset value resulting from their
use over time.

Likewise, the number of kilometers per year that each type of road network
requires to reach its respective target by 2030 was determined. This allows
for projecting the total annual length of the road network, enabling the
application of the unit maintenance costs reported by the World Bank'’s
ROCKS database for each year. It was assumed that routine maintenance

is performed annually, while periodic maintenance is performed halfway
through the asset's useful life.

The annual investment required to cover asset replacement corresponds to
annuities that replace the net value of existing assets, assuming a useful life
of 30 years.

Because these values are model parameters, the estimates can be subjected
to sensitivity analysis when the assumptions change.

E.2. Calculation of the Infrastructure Gap for Providing
Adequate Logistics

To calculate the infrastructure gap for providing adequate logistics, airport
investment gaps were considered; to this end, relevant studies providing
specific information on these investment requirements were identified.

E.2.1. Definition of the target in accordance with the relevant
SDG

The relevant SDG is Goal 9, which addresses the need to “build resilient
infrastructure, promote inclusive and sustainable industrialization, and

foster innovation.” In particular, Target 9.1 is aimed at “developing reliable,
sustainable, resilient, and quality infrastructure, including regional and cross-
border infrastructure, to support economic development and human well-
being, with a special emphasis on affordable and equitable access for all.” For
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this reason, although there is no explicit target for 2030, guided by the core
indicator used in this SDG, we will focus on airport investments that ensure
connectivity among LAC countries.

E.2.2. Relevant Studies on the Logistics Gap

Regarding the airport gap, the information presented in this report is based

on Brichetti et al. (2023). That study estimated the investments needed to
ensure access to airport infrastructure for populations living in urban centers
with more than 100,000 inhabitants in the region. It should be noted that these
estimates capture only a portion of the investment needs related to logistics
infrastructure, as they do not incorporate other relevant dimensions, such

as the port infrastructure gap—which is not quantified in this document—

or other complementary logistics components. In this regard, the total
investment gap in logistics infrastructure in the region is substantially wider
than that reflected by the airport estimates included in this study.

E.3. Calculation of the Infrastructure Gap for Providing
Adequate Urban Mobility

To calculate the infrastructure gap for providing adequate urban mobility, it
was necessary to define the target to be achieved in accordance with the
relevant SDG, collect information on the infrastructure available for urban
mobility, determine the relevant unit costs, and establish the calculation
procedure.

E.3.1. Definition of the target in accordance with the relevant
SDG

The relevant SDG is Goal 11, and specifically Target 11.2, which states:

"By 2030, provide access to safe, affordable, accessible, and sustainable
transport systems for all and improve road safety, in particular by expanding
public transport, paying special attention to the needs of people in vulnerable
situations, women, children, people with disabilities, and older persons.”
Since no specific target is provided, this study will calculate the urban
mobility infrastructure gap for cities with more than 500,000 inhabitants,
comparing them to the standard set by the best-performing cities in Latin
America and the Caribbean (LAC).
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E.3.2. Sources of Information on Current Mass Transit Routes

Data on current mass transit routes in LAC—Bus Rapid Transit (BRT),
commuter rail systems, and subway systems—have been obtained using a
variety of information sources.

For BRT and high-capacity motorized transit systems, the primary source

of information has been BRTData. The development of the platform and the
collection of data are the result of a partnership between the members of BRT
+ CoE and the Institute for Transportation and Development Policy (ITDP).
Currently, BRTData is managed and updated by WRI Brasil Ross Center for
Sustainable Cities. Early versions of the database were supported by the
International Energy Agency (IEA) and the Latin American Association of
Integrated Transportation Systems and BRT (SIBRT), now known as SIMUS.

For commuter rail and subway systems, information was gathered from
individual sources for each city included in the study, using both government
and private data sources.

The cities in the region whose mass transit systems have data that have been
incorporated into this study are presented in Table A.2.

Table A.2. Cities in Latin America and the Caribbean considered individually
for the calculation of urban mobility infrastructure gaps.

Country City Country City
Argentina Buenos Aires Costa Rica aner](ri%So?itan Area
Argentina Codrdoba Dominican Republic ~ Santo Domingo
Brazil Belém Ecuador Guayaquil
Brazil Belo Horizonte Ecuador Quito
Brazil Brasilia El Salvador f/laer}criinlc\)/ﬁgcr)errea
Brazil Campinas Guatemala Guatemala City
Brazil Curitiba Mexico Acapulco
Brazil Fortaleza Mexico Chihuahua
Brazil Goiania Mexico Guadalajara
Brazil Guarulhos Mexico Guadalupe
Brazil Londrina Mexico Ciudad Judrez
Brazil Maceio Mexico Ledn
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Brazil Natal Mexico mz(riggocl:iittgn Area
Brazil Porto Alegre Mexico Monterrey

Brazil Recife Mexico Puebla

Brazil Rio de Janeiro Panama Panama City
Brazil Salvador Peru Lima

Brazil Séo Paulo Puerto Rico fﬂaerlril:)%rritan Area
Brazil Teresina Uruguay Montevideo
Brazil Uberlandia Venezuela Barquisimeto
Chile Santiago Venezuela Caracas
Colombia Barranquilla Venezuela Maracaibo
Colombia Bogota Venezuela Valencia
Colombia Bucaramanga

Colombia Cali

Colombia Cartagena

Colombia Medellin

Colombia Pereira

Source: Prepared by the authors.

E.3.3. Unit Costs

To quantify the urban mobility infrastructure gap, unit costs associated

with the construction of new dedicated lanes for BRT systems, commuter
rail lines, and subway lines were used. These costs were estimated based
on the unit values defined in the original infrastructure gap study (Brichetti
et al., 2021), which were derived from a survey of urban transportation
projects implemented in Latin America and the Caribbean, as well as in other
developed and developing countries, over the past decade.

For BRT systems, information on projects to expand and construct dedicated
lanes—compiled by the IDB's Transportation Division—was considered,
including experiences in countries across the region and comparable
international cases. In the case of commuter rail lines, unit costs were

based on international technical references regarding mass transit options,
while for subway systems, data were collected on metro system expansion
projects in various cities around the world, capturing a wide range of urban
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and technological contexts. For a detailed description of the sources and the
original estimation procedure for these unit costs, see Brichetti et al. (2021).

Building on this foundation, the originally defined unit costs were updated
through an inflation adjustment for the period between 2018 and 2024,

using the U.S. Consumer Price Index, with the aim of expressing them in
monetary values consistent with the base year of this study. As a result of
this procedure, the unit investment costs used to quantify the urban mobility
gap—expressed in millions of U.S. dollars per kilometer—amount to USD 14.8
for the construction of dedicated BRT lanes, USD 45.6 for the construction of
commuter rail lines, and USD 137.7 for the construction of subway lines.

E.3.4. Procedure for Calculating the Urban Mobility
Infrastructure Gap

To calculate the urban mobility infrastructure gap, multiple calculations and
assumptions were made, which are described below.

First, all cities in the region with populations exceeding 500,000 were
identified for which reliable information was available regarding the size of
their mass transit networks (including both BRT and rail systems). Next, the
cities were grouped into two subgroups based on population size: cities with
populations between 500,000 and 5 million (Tier 1) and cities with populations
exceeding 5 million (Tier 2).

Next, the number of kilometers of mass transit networks per million
inhabitants was determined for the identified cities.

Based on these indicators, two benchmarks were subsequently defined

for each subgroup of cities (Tier 1 and Tier 2). For cities with populations
between 500,000 and 5 million (Tier 1), the benchmark used was the average
number of kilometers of public transit per million inhabitants in Cérdoba
(Argentina) and Natal, Porto Alegre, and Recife (Brazil), which totals 59.9;
while for cities with more than 5 million inhabitants (Tier 2), Buenos Aires, Rio
de Janeiro, and Santiago were used as benchmarks, with an indicator of 55.4.

Once these benchmark values were estimated, the number of kilometers of
mass transit infrastructure that needed to be built for cities in the region to
achieve similar levels of coverage was estimated. To do this, data from the
United Nations on current population and projections through 2030 were used.

Additionally, the study estimated the region’s population living in cities with
more than 500,000 inhabitants—which was not included in the sample of
cities with mass transit systems. For this purpose, it was assumed that
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these cities currently lack access to mass transit systems. In this case, the
comparison with the benchmarks was made by assuming that the coverage
levels achievable during the period were one-fifth of those of the cities
included in the sample. This is a conservative assumption, as it considers
cities outside the sample that do not have sufficient population density to
sustain efficient mass transit systems. Nevertheless, this assumption is a
parameter of the estimate and is therefore subject to modification.

Once the number of kilometers of mass transit networks required to close
the gaps relative to the predetermined benchmarks was determined, two
scenarios were considered to quantify the investments:

e The first prioritizes the cost-effectiveness of mass transit
investments, based primarily on BRT solutions. It assumes that the
gap in kilometers of mass transit to be built would be closed by
constructing 75% of the required kilometers with BRT lanes, 15%
with commuter rail lines, and 10% with subway lines. The associated
investment cost was calculated by multiplying the required kilometers
of each type of solution by the unit costs described above. This is the
scenario reported throughout this report (225 billion USD).

o The second prioritizes the capacity and quality of mass transit
investments and relies mainly on rail-based solutions. It assumes
that the gap in required mass transit kilometers would be closed
by constructing 30% of the additional network as BRT lanes, 20%
as commuter rail lines, and 50% as subway lines. The associated
investment cost was calculated by multiplying the required kilometers
of each type of solution by the unit costs described above. This
resulted in a substantially higher investment requirement, totaling 586
billion dollars.

F. CONSOLIDATED RESULTS AND AVAILABILITY OF
INFORMATION BY COUNTRY

As mentioned in this study, the estimates were made based on the
information available regarding the status of services in each country. The
following tables summarize the availability of information for calculating the
various infrastructure gaps in each country in the region and present the
disaggregated results.
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