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Abstract

Energy access is often considered a catalyst for development. Yet, the binary classification of
household electrification misses important variation in service quality and in how households use
electricity. To examine the benefits of household electrification and illustrate the importance of using
more nuanced classifications of energy access, this article develops a metric called the Energy Access
Dividend (EAD), which quantifies the electrification benefits forgone due to slow and incomplete
energy transitions. This framework is flexible, allowing for the estimation of a variety of electrification
benefits such as reduced lighting and cell phone charging expenditures, environmental improvements,
time use and asset ownership changes, and improvements associated with productive energy use. To
demonstrate the applicability of this framework, we calculate the EAD for several proposed electri-
fication trajectory alternatives in Honduras. We find that in Honduras, a country with high rates of basic
electricity access, achieving immediate universal, high-quality electricity would generate nearly $697
million in benefits over the period leading up to 2050. We also estimate the EADs associated with more
limited immediate electrification as well as geographically based electrification scenarios, demon-
strating that these calculations can inform priorities for energy policy design.

1. Introduction

Access to modern energy services is seen as a conduit to social well-being and economic
opportunity and growth. The sustainable development goals (SDGs) recognize universal
electrification as a key component of sustainable global development (International
Energy Agency, 2017). SDG 7 focuses on ensuring energy access that is affordable,
reliable, sustainable, and modern, and other SDGs — those targeting poverty reductions,
improvements in education and healthcare, and gender equality, among others — would be
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greatly aided by, or are reliant upon, enhanced energy access (McCollum et al., 2018;
Jeuland et al., 2021).!

SDG 7 sets ambitious targets: Universal electricity access; increased shares of renewables
for energy generation and improved energy efficiency; and coordination across countries to
facilitate clean energy access, including infrastructure and technology research and develop-
ment (International Energy Agency, 2017). Despite progress made toward these goals,
attaining them by 2030 will require substantial increases in the speed of current energy access
transitions, declines in installed equipment costs, and policy changes that facilitate investment
in the off-grid sector (World Bank et al., 2020). Moreover, while the framing of SDG
7 acknowledges the multiple dimensions of energy access, one of its primary indicators —
and the one that gets the most attention — is simply the electrified proportion of the population.
In this article, we demonstrate the importance of a richer conceptualization of electricity
access — including capacity, reliability, availability, and other characteristics.

There is increasing evidence and agreement that the binary access indicator — if a
household is electrified or not — overlooks important nuances related to the quality of that
access. For example, while electricity can improve health through channels such as refrig-
eration, temperature control, sterilization, information access, and accessibility of less
polluting cooking technologies (Adair-Rohani et al., 2013; Irwin et al., 2020), this is only
possible if electricity supply to households can support such technologies and power outages
are limited (Gertler et al, 2017). In other, non-health, sectors, moving beyond a binary
characterization of household electrification is necessary to describe the economic (Grogan
& Sadanand, 2013; Chakravorty et al., 2014; Fetter & Usmani, 2020) and social (Jacobson,
2007; Boateng et al., 2020) dimensions of electrification. Furthermore, assessing energy
access without consideration of household demand and affordability provides an incomplete
characterization, since users may have electricity access but still be unable or unwilling to
pay at the quality or reliability levels needed to substantially improve well-being (Kemmler,
2007; Winkler et al., 2011; Sagebiel & Rommel, 2014; Blimpo & Cosgrove-Davies, 2019;
Lee et al., 2020b). Indeed, ignoring these nuances may be part of the reason why a simple
characterization of access to electricity has been found to have ambiguous or inconclusive
impacts on economic development in many prior studies and reviews (Bernard, 2012; Peters
& Sievert, 2016; Bos et al., 2018; Morrissey, 2019; Bayer et al., 2020; Jeuland et al., 2021).

One example of an approach to a more nuanced classification of energy access is the
multi-tier framework (MTF) developed by the World Bank’s Energy Sector Management
Assistance Program (ESMAP). Under the MTF framework, household electrification is
characterized by peak capacity, availability, reliability, quality, affordability, legality, and
health and safety (Bhatia & Angelou, 2015). The MTF uses a six-tier classification system
ranging from tier 0 (no electricity access) to tier 5 (consistent, reliable electricity for all
household electrification needs). Although specific aspects of the MTF have been critiqued,
especially with respect to how the various dimensions should be aggregated into an overall
electricity access tier (Groh et al., 2016), the framework is clearly more sophisticated than a
simple binary indicator. As such, the MTF allows for potentially sharper insights into how
electrification resources could be allocated and targeted to improve the delivery of specific
energy services (Bhatia & Angelou, 2015; Boateng et al., 2020).

! Abbreviations used in this article include Business-as-Usual (BAU); Energy Access Dividend (EAD); Multi-
Tier Framework (MTF); and Sustainable Development Goals (SDGs).
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In this article, we demonstrate the implications of moving from a simple binary to a tiered
characterization of energy access for quantifying the benefits of the SDG 7 definition of
universal access to modern electricity. First, we outline a new approach to estimating the
benefits along various electrification trajectories, which we call the Energy Access Dividend
(EAD), that takes into account the differing dimensions of electricity access and the potential
benefits of moving up electricity access tiers. The EAD provides a flexible framework for
electrification benefits estimation that can be adjusted to meet the needs of different
contextual settings and policy goals. Second, we demonstrate an application of the frame-
work: Specifically, we use estimates from the literature as well as a cross-sectional house-
hold survey to parameterize the EAD model and derive EAD estimates across three policy
scenarios for Honduras. Accordingly, to the best of our knowledge, we present the first
operationalization of the EAD to estimate the benefits of projected electrification trajectories
in a developing country context. Finally, we discuss the ways in which improved causal
estimates of various benefits of electrification would allow for better estimation of the EAD
and further insights for energy policy globally.

2. Modeling the EAD

The EAD provides a framework to quantify the forgone dividends inherent in a country’s
BAU transition to universal electrification (SEforALL et al., 2017; Marzolf et al., 2019).
That is, using a specific characterization of energy access within a country (either based on
binary indicators of access or categorical ones such as proposed in the MTF), the EAD equals
the dividends that would result from specific scenarios of immediate improved electrifica-
tion status, over and above those already being realized under the BAU electrification
trajectory. Thus, these calculations likely correspond to an upper bound on the short-term
consumption benefits and reduced reliability losses provided by policy interventions that
would accelerate the electrification trajectory. To the extent that those benefits grow over
time and some categories of benefits are omitted due to lack of data or other factors, though,
these values could be deemed conservative.” The timelines used in these calculations allow
for comparisons of the status quo to a variety of alternative transitions. The EAD framework
is flexible and adaptable; depending on the context, energy transition scenario, and data
available, it can be applied to assess the relative dividends provided by different electrifi-
cation trajectories. For example, one can compare the value of policy interventions aimed at
prioritizing basic universal electrification rapidly to that obtained from enhancing the quality
of access of those already having electricity connections that are nonetheless unreliable or
otherwise deficient.

We operationalize the concept of the EAD to assess the forgone benefits of a country’s
current pace of electrification compared to alternative electrification scenarios. We calculate
the EAD as the sum of electrification benefits across all tiers (¢1=0,...,T;), years
(y=1,...,Y), and rural/urban geographies (G = {U,R}) according to

2 There is limited empirical evidence on the long-term benefits of electrification (Van de Walle et al., 2017; Lee
et al., 2020a), which motivates the approach taken in our calculations.
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Here, By —r,,, corresponds to the benefits of electricity access accrued between a
household’s initial tier (#yp) and maximum tier under consideration (t; =T) in year y and
geography g; f; , —r, . is the fraction of households in each initial tier (o) who have not
achieved the maximum tier f; = T in year y and geography g; and H,, is the total number of
households in year y and geography g. The maximum tier under consideration (¢, =T)
varies based on the alternative electrification scenario used for calculating the EAD; for
example, for a scenario including immediate, comprehensive electrification, 7y would be
equal to the highest electrification tier. We calculate the present value of these benefits over
the evaluative time horizon using a discount rate of J. There are various benefits to electricity
access that could be included in the EAD calculation, and these can be updated according to
what is appropriate in a specific context or based on data availability.

Specifying where in the tier sequence each benefit accrues is especially important for the
benefits calculations. While some benefits are obtained once a household gains basic tier-
one energy access, others will require higher tier access. Table 1 presents Bhatia and
Angelou’s (2015) conception of the tier-wise technical characteristics and technology
required to achieve these characteristics. Based on these specifications, households can be
classified into tiers of electricity access. Upon classification, it becomes an empirical — and
context-specific — question as to what types of benefits can be enjoyed given the electricity
characteristics. For example, simple electric appliances such as radios and phone chargers
may require only tier 1 electrification, whereas more energy-intensive appliances such as
televisions and especially refrigerators may require higher tier access.?

2.1. Alternative estimation using consumer surplus

An alternative approach to the EAD, which seeks to estimate the overall benefits of
electrification based on the demand curve for electricity, is to calculate the aggregate
consumer surplus associated with moving across electricity tiers. We demonstrate this
alternative by calculating the following:

EAD = ZZZ (148) " (CSypt=Tys +SBisitryg) “From=r,, Hyg- )

t=0 y=1VgeG

All terms in Equation (2) are as defined above; CS} ;7. ., refers to the consumer surplus
associated with moving between a household’s initial tier (#p) and maximum tier under
consideration (¢; = T) in year y and geography g, and SB, ;, , . refers to social benefits not
counted in consumer surplus associated with moving between a household’s initial tier (¢y)
and maximum tier under consideration (¢, = 7) in year y and geography g.

3 We provide a context-specific example for the case of Honduras later in the paper. Supplementary Table Al
outlines the changes in household appliance use across tiers in the Honduran context based on parameterization
from the MTF household survey for Honduras (Luzi et al., 2020) (see Section 4).
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Table 1. Characteristics and technology access across tiers

Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
Characteristics — 12 daily watt— — 200 daily Wh — 1 daily kilowatt hour ~ — 3.4 daily kWh — 8.2 daily kWh
hours (Wh) — 4 hours of daytime (kWh) — 16 hours of daytime — 23 hours of daytime
— 4 hours of access — 8 hours of daytime access access
daytime — 2 hours of evening access — 4 hours of evening — 4 hours of evening
access access — 3 hours of evening access access
— 1 hour of access — Less than 14 —Less than 3 disruptions
evening — Costs do not exceed disruptions per week per week
access 5% of household — Costs do not exceed — Costs do not exceed
income 5% of household 5% of household
income income
— Legal connection — Legal connection
— Low risk of accidents ~ — Low risk of accidents
Technology — Solar lanterns ~ — Solar home system — Solar home systems — Generator — Large generator
— Rechargeable — Generator — Mini-grid — Mini-grid
battery — Mini-grid — Grid — Grid

Source: Compiled and summarized from Bhatia and Angelou (2015). Numbers presented are minimum values (e.g., 12 daily Wh for tier 1 access is a minimum of 12 daily Wh).
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Figure 1. Distribution across MTF energy access tiers among all (blue), urban (red), and
rural (green) households in Honduras in 2017. Source: Authors’ calculations using Hon-
duras MTF survey data (Luzi et al., 2020).

3. Honduras as a case study

We demonstrate the application of the EAD in Honduras due to the availability of relevant
data and the considerable variation in the quality of household energy access in that country.
This latter variation facilitates the examination of the differences in results that stem from
using unidimensional and multidimensional characterizations of electricity access.

3.1. Electricity access in Honduras

Indeed, while the reported rate of household electrification in Honduras was nearly 92% in
2018 (World Bank et al., 2020), household-level survey data from the country reveals
considerable variation in electricity access according to the MTF tier definitions. Figure 1
displays the MTF tiers among a representative sample of 2815 households across Honduras
(Luzi et al., 2020). Within this household sample, approximately 18% of households are
classified as tier 0. While nearly 87% of these households lack electricity altogether, the
remaining 13% have access with attributes below the minimum thresholds for capacity and
duration that characterize tier 1. Accordingly, while the data used in this analysis are from a
representative household survey (Luzi ef al., 2020), there may be oversampling from among
households with the lowest access levels.

Nearly all households lacking access to at least basic electricity (tier 0) are in rural areas,
highlighting that geography and remoteness are the primary barriers that explain the lack of
electricity in Honduras. Figure | also shows that conditional on having access to electricity,
Honduran households are most likely to meet the definitions of tier 3 or tier 5 electrification.
The density of households across the tiers indicates that the overall quality or functionality of
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Figure 2. Honduras municipalities shaded by average electrification tier. Municipalities
without MTF survey data are indicated using diagonal lines.

electrification varies considerably within the country, with some households only having
basic access that supports lighting and cell phone charging services, and others benefiting
from other services stemming from a range of appliances that more substantially enhance
household productivity and time use. Despite the high rates of national electrification in
Honduras, only 38% of sample households have tier 5 access, suggesting the potential for
large gains to be made in terms of electricity capacity, duration, affordability, and security.

The geography, terrain, and population distribution of Honduras are all closely related
to the functionality of electricity access. Figure 2 maps the municipalities of Honduras,
which are shaded according to the average household electrification tier as indicated by the
MTF survey data (Luzi er al., 2020).* Darker shaded municipalities have higher-tier
electricity on average. Unsurprisingly, the areas of the country with higher-quality
electricity access, as denoted by higher electrification tiers, are located closer to both
urban centers and the national grid. As grid-based electricity generally remains the primary
means of achieving tier five electrification in Honduras, the map depicts the expected
pattern of higher-tier access in more connected, urban areas, and lower-tier access in more
remote, rural parts of the country.

Honduras has made significant progress toward improving access to electricity in the
last two decades, with access increasing from 70% in 2000 to nearly 92% in 2018 (World
Bank et al., 2020). The country has national electrification targets related to electricity
coverage as well as targets for renewable generation capacity. Following the SDGs,
Honduras has a universal electrification target of 2030 (Reptblica de Honduras, 2020).

4 Municipalities indicated with gray, diagonal lines were not included in the MTF sampling frame. The MTF
sampling strategy can be found at https://datacatalog.worldbank.org/dataset/honduras-multi-tier-framework-mtf-
survey.
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The government plans to achieve this goal through a combination of grid expansion and
off-grid solutions (Government of Honduras, 2010; Reptiblica de Honduras, 2020). The
government has also set a renewables generation target of 60% by 2022 and 80% by 2038
(Washburn & Pablo-Romero, 2019). Hydropower and solar energy are the most abun-
dant sources of non-fossil fuel-generated electricity in Honduras today (Flores et al.,
2011).

3.2. Electrification trajectories

Given Honduras’s continued need to expand basic energy services and improve electricity
quality on a number of dimensions (e.g., duration, availability, and reliability), several
potential electrification trajectories could be considered to help achieve the national target of
universal access. To provide insight into tradeoffs inherent in these potential pathways, this
article applies the EAD concept to quantify the dividends lost from slow and incomplete
energy transitions (SEforALL et al., 2017; Marzolf et al., 2019).

To establish the benefits forgone over the BAU electrification transition, we first
characterize the BAU electrification trajectory in Honduras, both in terms of household
electricity access as well as across the MTF electrification tiers. We build population
growth and urbanization trends into this baseline.” Unfortunately, the MTF and surveys
aimed at measuring the distribution of tiers in specific countries are relatively new, and all
data available thus far are cross-sectional, which limits our ability to characterize the BAU
rate of transitioning across tiers. Further, projections of electrification several decades into
the future are highly uncertain. These data limitations and uncertainties motivate our
construction of two different BAU baselines, one with a slower progression through the
tiers and one with a faster tier progression. For both baselines, we assume that the historical
annual electrification rate realized over the period 2012-2018 is maintained — an increase
of 3.3 percentage points per year in rural areas and 0.25 percentage points per year in urban
areas. In both baselines, this electrification rate is applied to the tier O to tier 1 transition;
that is, if 2.35% of urban households are in tier 0 in 2021, only 2.1% of those remain in tier
0in 2022.°

For the slower tier progression baseline (Figure 3A), we allocate newly electrified
households into the MTF tier proportions. For example, if 45% of the urban population
had tier 5 electrification, then 45% of the electrification increase between 2021 and 2022
would be transferred into tier 5 electrification. Under this baseline, Honduras reaches
universal urban and rural electrification in 2026. Following universal electrification, this
baseline assumes that households maintain their tier position.

For the more rapid tier progression baseline (Figure 3B), we maintain the MTF tier
distribution for tiers 1-4 but then assume that tier 5 electrification increases according to the
overall rate of electrification (1.59 percentage points annually). For example, if 45% of
households had tier 5 electrification initially, 46.59% of households are placed in tier 5 in the
second year of our EAD calculation. Tiers 1-4 are distributed according to the process
described for the slower tier progression baseline. For example, if 22% of households in tiers

> We use an urban population growth rate of 2.9% and a rural population growth rate of 0.27%, which are based
on average population growth rates in Honduras between 2012 and 2019 (World Bank, 2021).

©We use the tier distribution available from the 2017 MTF survey but conduct the EAD calculation starting in
2021.
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Figure 3 Distribution of households across tiers for baseline 1, which represents a slower
transition through the tiers (Panel A), and baseline 2, which represents a faster transitions
through the tiers (Panel B).

1-4 were initially in tier 4, then 22% of households remaining in tiers 1-4 in 2022 continue to
be in tier 4. Because the share of households in tier 5 is increasing over time in this second
baseline, the share remaining in tiers 1-4 continues to diminish even after universal basic
electrification is achieved in 2026.
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3.3. Scenarios characterization

The next step in calculating the EAD is to consider alternative scenarios of intervention to
accelerate electrification above what is achieved in the BAU electrification baseline. We
consider three alternative scenarios for our analysis. First, we consider a universal tier
5 electrification scenario (hereafter referred to as Tier 5 EAD), which corresponds
with policies such as universal, high-quality grid or mini-grid coverage or expansion of
high-capacity generators or stand-alone systems with storage. In this analysis, rather than
working through the tiers as described in the baseline characterizations, all households are
assumed to gain access to tier 5 electrification in year one and to maintain this access
thereafter. Second, we examine a universal tier 3 electrification scenario (hereafter referred
to as Tier 3 EAD), which corresponds with policies such as an expansion of unreliable grid
access or high-end solar home systems and solar mini-grids without robust storage or
generator back-up. For this scenario, only benefits obtained through tier 3 electrification
of households with less than that level of initial access are considered in the EAD calculation;
the EAD is not changed by movement in tiers 4 and 5. Third, we examine a hybrid scenario of
universal urban tier 5 electrification and universal rural tier 3 electrification (hereafter
referred to as Hybrid EAD). Finally, for the purposes of comparison, we calculate the
EAD using a binary definition of electrification (hereafter referred to as Electrified EAD).

Existing energy policy in Honduras informed development of the electrification scenar-
ios. The national government recently approved a $177 million investment project in the
national grid (BN Americas, 2019), demonstrating a commitment to grid investments.
Despite grid investment priorities, off-grid solutions remain a potentially important com-
ponent of Honduras’ electrification transition, especially given the costs associated with
reaching the remote and sparsely populated communities currently lacking grid access.
While the penetration of distributed hydropower and solar technologies —like mini-grids and
solar home systems — is currently very low, they could be scaled-up to contribute to the Tier
3 electrification scenario in the future. Our hybrid scenario combines these two possibilities.
While grid improvements may be a priority, given physical limitations to infrastructure
development, grid-based electricity access will be slower in rural areas compared to urban
areas. Thus, the hybrid scenario incorporates the realities of these geographical differences
into the EAD calculation.

3.4. Benefits valuation

We take a social net benefit perspective to inform the inclusion of the set of benefits modeled
in our estimation of the EAD for Honduras, including benefits accruing to connected
households as well as those from positive spillovers to society (e.g., climate mitigation).

We discuss the valuation of benefits associated with electricity use for lighting (B~ )and

fo,11,y,8
PC CO, . : ; ;
fort1.9:8 roriy.g)> changing study time allocations for

children by gender (GS and BS for girls and boys, respectively) (Bgil,y,g"_Bzi,,y,g);

ownership of electric assets including radios, fans, televisions, and refrigerators
(Q_vaeaBi, , ,); and reductions in business expenses due to unreliable electricity access

phone charging (B ); reduced emissions (B

(Bf) 1.y.¢)- The aggregation of benefits is calculated as
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S a R
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to,11,.8 fo,l1,,8"
(3)

The benefits specified in Equation (3) were selected based on two main considerations:
(i) evidence from the empirical literature on the impacts of electrification, and (ii) data that
was available for the Honduran context. For example, regarding the former, in their
systematic review, Jeuland ef al. (2021) identify lighting, appliances, cooling, and house-
hold income generation as key energy services providing benefits to households, leading to
the investigation of benefits related to lighting, asset ownership (including for cooling), and
reduced business expenses.” Other studies find evidence of electricity access returns to
children’s study time (Daka & Ballet, 201 1; Khandker e al., 2012; Khandker et al., 2013,
2014; Samad et al., 2013; SEforALL, 2017; Van de Walle et al., 2017, Litzow et al., 2019)
and in the form of emissions reductions (Jeuland et al., 2020, 2021). The benefits included in
our calculations should not be taken as exhaustive of all of the economic benefits of
electrification to households; for example, benefits such as health improvements and new
income generation opportunities may be appropriate to include in an EAD calculation,
depending on the geographical context and data availability. Additionally, in this article, we
focus exclusively on households and do not consider the benefits that might come with
better, more reliable electricity access for commercial and industrial consumers.

Each benefit is first quantified in its relevant units and then valued in monetary terms
(Peterson, 2003; Boardman et al., 2018; Whittington & Cook, 2019). Lighting benefits
(Bi 1o.,¢) are calculated using the concept of avoided coping costs (Pattanayak et al., 2005),
as the reduced expenditures on kerosene, the most common non-electric lighting fuel in
Honduras (Luzi et al., 2020):

Bt —EK (4A)

t0,11,),8 10,11,,8"

Similarly, mobile phone charging benefits are calculated as reduced expenditures on
mobile phone charging outside the home:

BPC — EPC (4B)

10,11.,.8 to,t1.y,8"

Emissions benefits are measured according to reduced demand for more highly polluting
lighting fuels. Reduced carbon dioxide (CO,) benefits are calculated as:

CO,  _ . K\ . pCo,
Bfogtl‘)’,g 7( 10,11,,8 ZVPGPEmP) B 4C)

where Qg’ll’y is the reduction in quantity of kerosene used and B¢ is the social cost of
carbon. >y, p EmX is the CO, equivalent of reduced emissions for pollutants in kerosene
including methane (CH,), nitrous oxide (N,0), carbon monoxide (CO), organic carbon
(OC), and black carbon (BC), in addition to direct CO,. We convert all of these avoided
emissions into their CO, equivalents to conduct the valuation according to Equation (4C)
using the method described in Jeuland et al. (2018), previously used to value the benefits of

7 Jeuland et al. (2021) also identify cooking, heating, industrial energy generation, and agriculture as energy
services. We do not include these in the EAD for Honduras as they are not contextually relevant (only 15% of the
household sample reports ever using electricity for cooking and less than 0.3% of the household sample reports
heating their home (Luzi et al., 2020)) or the microdata do not fully characterize these benefits (as is the case for
industrial electricity use and electricity use in agriculture).
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use of cleaner-burning cooking technologies and fuels. While we follow the convention in
the literature by valuing emissions benefits using the social cost of carbon (Watkiss & Hope,
2011), we recognize that this parameter does not comprehensively include all damages,
ignores equity issues including heterogeneity between and within countries, and is sensitive
to discounting and assumed growth patterns, among other challenges (Kornek et al., 2021).
Nevertheless, the social cost of carbon is the most widely used metric for full social costing
of emissions, and it allows for the transparent inclusion of climate benefits in the EAD
framework. Future work could examine sensitivity of the EAD estimates to the value that is
given to reduced emissions.

We calculate the benefits of children’s study time for girls and boys (p = {G,B}) using
the relationship between study time and educational attainment and the concept of wage
returns to education (Psacharopoulos & Patrinos, 2018; Patrinos & Psacharopoulos,
2020). We first calculate the percent change in secondary school completion associated
with the increase in study time at higher electrification tiers (ApSSC,, ;, ,). Next, we value
this change using the estimated annual wage return to secondary education for a given
geography (WR,):

B, o =ApSSC, . - WR,. (4D)

10,11,

We parameterize these benefits using regional estimates for wage returns to education
(Psacharopoulos & Patrinos, 2018; Patrinos & Psacharopoulos, 2020) and for the relation-
ship between study time and educational attainment (Llach et al., 2009; Holland et al., 2015).
Though the literature identifying these causal linkages is limited and additional empirical
evidence would strengthen this valuation approach, using wage returns is a conservative
approach to valuing educational benefits, given the myriad private and social benefits of
education.

We next calculate benefits associated with asset ownership as the product of the change in
asset ownership associated with higher electrification tiers (Aa,, ,.) and the consumer
surplus of that asset (CS“), derived following Boardman et al. (2018) based on purchase
prices and average quantities owned for basic appliances of the types. Specifically, assuming
a linear demand curve and using price elasticity estimates found in the literature for each
asset (Bush, 2002; Rapson, 2014) we can estimate the demand curve; the area under these
demand curves provides an estimate for the consumer surplus associated with asset own-
ership (see Supplementary Figure B1). This is calculated for all assets a € A, which includes
fans, radios, televisions, and refrigerators:

B! =Adayy yq - CS”. (4E)

10,11,),8

Finally, we calculate the benefits of improved reliability according to Equation (4F))
using the coping costs concept, as the reduction in business expenditures incurred from a
lack of reliable electricity (ABE; ;, y.¢):

BY  =ABE; . (4F)

10,11,.8

We incorporate this reduction in business expenditures associated with limited reliability
as a proxy for the benefits provided by the possibility of small, home-based businesses that
require reliable electrification available at higher electricity access tiers.

https://doi.org/10.1017/bca.2024.14 Published online by Cambridge University Press


http://doi.org/10.1017/bca.2024.14
https://doi.org/10.1017/bca.2024.14

314 Emily L. Pakhtigian et al.

3.5. Benefits valuation for consumer surplus approach

For simplicity, and due to limited evidence for parameterization in the existing literature, we
calculate the same consumer surplus (or use the same demand curve) across all geographies.
We calculate consumer surplus following Boardman et al. (2018) and assuming a demand
curve with constant elasticity. We set the elasticity using the average, long-term price
elasticity for electricity estimated by Labandeira et al. (2017) of —0.524. Using this
elasticity, we calculate the area under the demand curve between average electricity
quantities demanded across tiers.® To calculate the consumer surplus, we then subtract
electricity expenditures, which we operationalize as the average electricity tariff in Hondu-
ras.” We consider SB;, . to be the emissions benefits of moving across electricity tiers

(i.e., SByy 1, y,g = Bf’;,?f,y,g) and calculate this benefit as described in Equation (4C).

4. Data and model parameterization

The main data for model parameterization come from the 2017 MTF survey for Honduras
(Luzi et al., 2020). This cross-sectional household survey contains information about
dimensions of household energy access across a variety of sources including grid, mini-
grid, generators, solar home systems, and rechargeable batteries. It also covers non-
electricity energy sources including firewood, kerosene, and LPG. These metrics allow
for household electrification tier classification according to the MTF framework. In addition,
the data contain detailed household information on asset ownership, expenditures, cooking
technology, economic activity, and time use. Despite this strength, the household survey
data are cross-sectional and disallow for the estimation of causal relationships between
electricity access tier and estimated benefits, a shortcoming of the data. We also draw on
information available from published reports and journal articles to further parametrize the
model.

Four methods were used to parameterize the model — literature review, descriptive
statistics, regression-based data analysis, and consumer surplus calculations. We briefly
discuss each method in turn and summarize all parameters in Table 2. Table 2 reports all
parameters used to estimate the EAD along with summarizing information including ranges,
relevant tiers, methods, data, and study characteristics as relevant. Based on the model
parameterization, we establish qualitative categories of benefits by tier for Honduras
(Supplementary Table Al). Further, while our primary EAD calculations include tier-
based benefits, we provide a comparison to the non-tier based Electrified EAD; parameters
for this estimation are included in Supplementary Table A2.

8 Because the constant elasticity assumption leads to implausible behavior at low and high quantities of
consumption, we assume a horizontal demand curve for the movement from tier O to tier 1 and calculate consumer
surplus as the area between tier 0 and tier 1 demand, multiplied by the choke price (19.7 Lempira/kWh (Luzi et al.,
2020)). We subtract electricity expenditures at current prices at the quantity demanded in tier 1 to obtain the final
consumer surplus estimate.

°In theory, to calculate the true social surplus (and not simply consumer surplus), one would also need to account
for the full costs of electricity supply rather than the average tariff alone (since electricity service may be partially
subsidized). Due to lack of data on these full costs, our estimates do not account for the cost of such subsidies, if they
exist.

https://doi.org/10.1017/bca.2024.14 Published online by Cambridge University Press


http://doi.org/10.1017/bca.2024.14
http://doi.org/10.1017/bca.2024.14
https://doi.org/10.1017/bca.2024.14

ssaud Asssnun sbprique) Aq auljuo paysiiand 1 +z0z'e39/£101°0L/61010p//:sd1y

Table 2. Model parameters

Value used Tier
Parameter description  Units Range R U R  Method Data Source Context
Kerosene price L/ 18.6-26.2 22.4 1 Literature review OLANDE and Honduras,
IDB (2020) 2014-2018
Change in kerosene I/year —-16.4 1 1 Estimated by Luzi et al. (2020) Honduras, 2017
regression
Change in cell L/month —14.58 110 —15.65]|-8.38 1|2 1]/2 Estimated by Luzi et al. (2020) Honduras, 2017
phone charging regression
CO, in kerosene g/M] 140.4-162 151.4 1 1 Literature review Jeuland et al. (2018)
Black carbon in g/M] 0.007-0.02 0.012 1 1 Literature review Jeuland et al. (2018)
kerosene
CH, in kerosene g/M] 0.001-0.05 0.017 1 1 Literature review Jeuland et al. (2018)
N>O in kerosene g/M] 0.03-0.08 0.055 1 1 Literature review Jeuland et al. (2018)
CO in kerosene g/M] 0.4-3.1 1.177 1 1 Literature review Jeuland et al. (2018)
OC in kerosene g/M] 0.003-0.01 0.0057 1 1 Literature review Jeuland et al. (2018)
GWP CO, g CO, 1 1 1 Literature review Jeuland et al. (2018)
equivalent/MJ
GWP black carbon g CO, equivalent/MJ 2003.2-5644.9 2886.6 1 1 Literature review Jeuland et al. (2018)
GWP CH,4 g CO, equivalent/MJ 62.4-105.1 71.5 1 1 Literature review Jeuland et al. (2018)
GWP N,0 g CO, equivalent/MJ 249.9-267.3 263.0 1 1 Literature review Jeuland et al. (2018)
GWP CO g CO, equivalent/MJ 11.8-20.7 16.1 1 1 Literature review Jeuland et al. (2018)
GWP OC g CO, equivalent/MJ —778.3—-276.2 —397.9 1 1 Literature review Jeuland et al. (2018)
Fuel energy density Ml/kg 45 1 1 Literature review Jeuland et al. (2018)
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Table 2. Continued

Value used Tier
Parameter description  Units Range U R U Method Data Source Context
Fuel efficiency Percent 0.44-0.5 0.47 1 Literature review Jeuland et al. (2018)
Social cost of carbon  L/g CO, 0.0002-0.002 0.0007 1 Literature review Nordhaus (2017)
Change in study time  minutes/day 53.97| 2|15 Estimated by Luzi et al. (2020) Honduras, 2017
(girls) 30.86 regression
Change in study time  minutes/day 19.57 3 Estimated by Luzi et al. (2020) Honduras, 2017
(boys) regression
Minimum wage L/hour 22-37 32 24 2113115 Literature review Wagelndicator (2021) Honduras, 2021
Change in secondary 4.72%|| 2|15 Literature review Llach et al. (2009) Argentina,
school attainment 2.70% 2006-07
(girls)
Change in secondary 1.71% 3 Literature review Llach et al. (2009) Argentina, 2006—
school attainment 07
(boys)
Return to secondary L/year 7321.6 5491.2 2113115 Literature review Psacharopoulos and Global; Latin
education Patrinos (2018); America and
Patrinos and the Caribbean
Psacharopoulos 1950-2014
(2020)
Change in radio Radios 0.29 1 Estimated by Luzi et al. (2020) Honduras, 2017

ownership

regression
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Table 2. Continued

Value used Tier
Parameter description  Units Range R U R Method Data Source Context
Radio consumer L/year 24.07 1 Calculation from Bush (2002); World United States,
surplus Boardman et al. Bank (2010) 2001; Panama,
(2018) 2008
Change in fan Fans 0.36 2 2 Estimated by Luzi et al. (2020) Honduras, 2017
ownership regression
Fan consumer surplus L/year 310.95 2 2 Calculation from World Bank (2010); United States,
Boardman et al. Rapson (2014) 1990-2005;
(2018) Panama, 2008
Change in TV TVs 0.68]10.53]| 0.68]]0.02 2|13]14lI5 2||4 Estimated by Luzi et al. (2020) Honduras, 2017
ownership 0.31]/0.04 regression
TV consumer surplus  L/year 289.20 2|13]15 2|4 Calculation from Bush (2002); World United States,
Boardman et al. Bank (2010) 2001; Panama,
(2018) 2008
Change in refrigerator Refrigerators 0.25]|0.37 0.25]|0.37 2|13 2||3 Estimated by Luzi et al. (2020) Honduras, 2017
ownership regression
Refrigerator consumer L/year 1088.90 2|13 2|13 Calculation from Dale (2008); World United States,
surplus Boardman et al. Bank (2010) 1980-2002;
(2018) Panama, 2008
Household size per household 1-20 4.7 Descriptive Luzi et al. (2020) Honduras, 2017

statistics
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Table 2. Continued

Value used Tier
Parameter description  Units Range U R U R Method Data Source Context
Number girl children  per household 0-6 0.63 0.82 Descriptive Luzi et al. (2020) Honduras, 2017
statistics
Number boy children  per household 0-7 0.67 0.88 Descriptive Luzi et al. (2020) Honduras, 2017
statistics
Change in business L/month —93.48 —93.48 4 4 Estimated by Luzi et al. (2020) Honduras, 2017
expenditures regression
Electricity kWh/month 01]136.2]155.3184.7]1100.2 Ol 1]|2]13]|4 Descriptive Luzi et al. (2020) Honduras, 2017
consumption 1 117.9 15 statistics
Electricity price L/kWh 3.12 Descriptive Luzi et al. (2020) Honduras, 2017
statistics
Energy price elasticity —0.524 Literature review Labandeira et al. Global,
(2017) 1970-2017
Exchange rate L to US$ 23 Lto 1 US$ Literature review Oanda Honduras, 2021
Discount rate 3-12% 5% Literature review OMB, 2003; IADB,
2021

Note: Minimum wage values are assigned as midpoints of agricultural minimum wages (rural) and non-agricultural minimum wages (urban). Parameters used for the Electrified EAD calculation that differ from those in
this table are available in Supplementary Table A2.
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4.1. Literature review

We rely on the existing literature to parameterize market values, environmental impacts,
educational returns, and discount rates used in the EAD calculation for Honduras. Market
values include the kerosene price and minimum wage in Honduras as well as the Lempira
(L)-USD exchange rate. Environmental impacts include the pollution content of kerosene
for a variety of pollutants including carbon dioxide (CO,), black carbon, methane (CHy),
nitrous oxide (N,0O), carbon monoxide (CO), and organic carbon (OC) as well as the global
warming potential of each pollutant converted into CO, equivalents using the method
outlined in Jeuland et al. (2018). We use estimates for the wage returns to education
(Psacharopoulos & Patrinos, 2018; Patrinos & Psacharopoulos, 2020) and the relationship
between study time and secondary school attainment (Llach ef al., 2009) to value educa-
tional benefits. Finally, we use a discount rate of 5% in our calculations.

4.2. Descriptive statistics

As a representative household survey, the MTF data provides insight into household
composition used in this analysis. We use average household size, average number of girl
children, and average number of boy children from the survey to characterize household
composition for the EAD calculations. We use average monthly electricity consumption by
tier and the average electricity price for the benefits valuation that takes a consumer surplus
approach.

4.3. Regression

We use regression analysis to evaluate changes in key electrification-related outcomes
across access tiers to parameterize changes in kerosene use, cell phone charging behavior,
study time, ownership of electric appliances, and business expenses due to unreliable
electricity access. Specifically, we estimate the following equation:

Yi:a+,81Ti+ﬁ2Ul‘+,B3TiXUi+pXi+8i, ®)

where Y; refers to the outcome of interest (see Table 2 for a complete list); T; is an
indicator variable that takes a value of 1 for households in the highest tier of consider-
ation; U; is an indicator variable that takes a value of 1 for households living in urban
areas; and X; is a vector of household controls including the gender and age of the
household head, household size, number of children, annual income, and an asset index
calculated based on household ownership of transportation vehicles, home ownership,
roof construction type, and ownership of improved sanitation and water filtration tech-
nologies. Standard errors are clustered at the municipality level, and all regressions are
probability-weighted based on the survey sampling frame. For the multi-tier analysis, we
run Equation (5) on sets of households from contiguous tiers (i.e., for households in tiers
O and 1, 1 and 2, 2 and 3, 3 and 4, and 4 and 5) to assess how outcomes vary across
households in these respective tiers. For the binary electrification analysis, we run
Equation (5) collapsing all tiers into one binary indicator that takes a value of 1 for
households with electricity access. Due to sample size limitations, we analyze the change
in business expenses across the entire population rather than separating the impacts on the
urban and rural populations (i.e., we remove T; x U; from the estimating equation,

https://doi.org/10.1017/bca.2024.14 Published online by Cambridge University Press


https://doi.org/10.1017/bca.2024.14

320 Emily L. Pakhtigian et al.

Equation (5)). We take this tier-based approach to the regression estimation to allow for
flexibility in determining where the benefits of electrification manifest and to allow
subsequent matching of those benefits to the relevant electrification strategies for a
particular context (e.g., in Honduras, moving to full tier 5 electrification, or a mixed tier
3 (rural) and tier 5 (urban) approach).

From the regression results, we use a threshold of p < 0.10 to determine the inclusion of
benefits associated with an increase to a higher energy access tier. We value these benefits
using the estimated coefficients (i.e., f; for rural households and S, +f; for urban
households). Full regression results are reported in Supplementary Table A3. There are
three instances in which the estimated coefficients go in the opposite direction from what
we would expect, that is, the estimates suggest that a higher tier of electrification reduces
some outcome.'? This could reflect nonlinearities in the benefits derived from electrifi-
cation; for example, it is plausible that moving into a higher tier of electrification could, in
some cases, generate contemporaneous changes at the household level that lead to
conflicting impacts. For example, improved electricity access could allow for home
business production as an income-generating activity, which may also shift children’s
time use toward income generation and away from study time. Alternatively, this could
reflect econometric challenges arising from our use of cross-sectional data, specifically,
bias (arising from endogeneity or omitted variables) or lack of statistical power to detect
true impacts. In each of the instances in which coefficients have the unexpected sign,
aggregating over the prior or subsequent tier transitions leads to more intuitive results.
Accordingly, in such cases, we assign the aggregated (positive) effect to the tier transition
with the intuitive effect size, and set the corresponding benefit from the other transition
to zero.

As this article applies a rather simple regression approach to parameterization using the
MTF data, the magnitude and precision of our estimates could be biased, as discussed above.
Ideally, an EAD analysis would incorporate more rigorous evaluation and estimation
strategies to better identify such impacts from improvements in the quality of electricity
access, such as a quasi-experimental or randomized design (Angrist & Pischke, 2009;
Ozturk, 2010; Bos et al., 2018; Stern et al., 2019; Bayer et al., 2020; Jeuland et al.,
2021). Given the nature of the MTF data and the lack of data alternatives, such an approach
is not possible in our initial demonstration of the EAD concept and framework. Despite this
limitation, we believe that the demonstration of the framework remains valuable, and urge
researchers to better isolate the causal impacts of tiered improvements in future work, to
further develop the basic modeling approach.

4.4. Consumer surplus from asset ownership calculations

Following Boardman et al. (2018), we calculate the consumer surplus of appliance owner-
ship assuming a linear demand curve and using price elasticity estimates found in the

19 Unexpected signs are observed for the following transitions: (i) cell phone charging expenditures outside the
home for urban households transitioning from tier 1 to tier 2; (ii) boys study time for urban households transitioning
from tier 1 to tier 2; and (iii) television ownership for rural households transitioning from tier 4 to tier 5.

https://doi.org/10.1017/bca.2024.14 Published online by Cambridge University Press


http://doi.org/10.1017/bca.2024.14
https://doi.org/10.1017/bca.2024.14

Journal of Benefit-Cost Analysis 321

literature for each asset (Bush, 2002; Rapson, 2014). In this calculation, we first calculate the
underlying demand curve for each appliance using the price and quantity of each appliance
owned. In the absence of population-level appliance price and quantity information from
Honduras, we use data from Panama, a regional neighbor (World Bank, 2010). Using the
derived demand curves, we estimate consumer surplus as the area between this demand
curve and the appliance price for one owned appliance. As this consumer surplus represents
an aggregate amount across the appliances’ lifespans, we calculate annual household
consumer surplus as the aggregate consumer surplus multiplied by a capital recovery factor
calculated for each appliance.'' The capital recovery factor calculation assumes a discount
rate of 10% and appliance lifespans of 10, 5, 10, and 11 years for radios, fans, televisions, and
refrigerators, respectively. These lifespans are also calculated from the averages in the
sample (World Bank, 2010). We use these annual household-level consumer surplus
estimates to value increases in appliance ownership assessed using the regression model
estimating using the MTF data, as specified in Equation (5).

4.5. Comparisons with electrification benefits in the empirical literature

The existing empirical literature offers evidence on the value of different benefits of
electrification in low- and middle-income countries. While direct comparisons of benefits
estimates within the existing literature may be incomplete — estimates may differ, especially,
due to the tiered approach to estimating benefits of enhanced electrification for the EAD
compared to the binary electrification access that dominates the literature — they offer helpful
benchmarks for interpreting our model parameterization and subsequent EAD estimates
(as presented in Section 5).

Empirical studies suggest that basic electrification — that which might equate to a tier 1 or
tier 2 level in the MTF framework — generates benefits related to lighting, emissions, phone
charging, and basic appliance use and ownership. Evaluations of the benefits of solar home
systems, for example, show that electrified households spend less on cooking and lighting
fuels (Beyene et al., 2024) and have higher rates of ownership of low-intensity electric
appliances such as radios, televisions, and fans (Diallo & Moussa, 2020). Similarly, Blimpo
and Cosgrove-Davies (2019) find lighting and cell phone charging benefits for households in
Sub-Saharan African with basic electricity access. Our analysis using MTF data in Honduras
reveals tier one benefits of lighting fuel expenditures (and associated emissions reductions)
and radio ownership; tier one and tier two benefits of phone charging; and tier two benefits of
asset ownership (fan, TV, and refrigerator). In general, these benefits of basic electrification
align with findings from the empirical literature; one noteworthy exception is the appearance
of benefits of increased refrigerator ownership among households with tier two access — in
other contexts, the benefits of refrigeration were only realized once households had
enhanced electricity access (Dhanaraj et al., 2018; Blimpo & Cosgrove-Davies, 2019; Dang
& La, 2019).

"' We calculate the capital recovery factor (CRF) as

CRF — r(1 —‘;r)"

where r is the discount rate and » is the appliance lifespan.
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The empirical literature also suggests educational returns to electrification, measured as
increased study time and educational attainment. Educational benefits are observed from
different levels of electricity access. For example, Samad et al. (2013), Diallo and Moussa
(2020), and Beyene et al. (2024) find educational returns to solar home systems in
Bangladesh, Céte d’Ivoire, and Ethiopia, respectively, suggesting benefits at low or mid-
tier electrification. Peters and Sievert (2016), however, find that access to solar home
systems shifts study time from before to after nightfall in several Sub-Saharan African
countries, demonstrating more limited educational returns to low-tier access. Evaluations of
the educational returns to grid access — representing higher-tier electrification — suggest that
children in grid-connected households have higher levels of education (Khandker et al.,
2012,2013; Litzow et al., 2019). In our analysis using the MTF data from Honduras, we find
increased study time associated with tier 2, tier 3, and tier 5 electrification. These benefits,
and their locations in the tier distribution, align with findings from the empirical literature
that both basic and enhanced electrification can promote increased study time and educa-
tional attainment.

Finally, several studies examine the productive and income-related benefits of electrifi-
cation. Studies of lower-tier technologies such as solar home systems find no evidence of
impacts on household income (Peters & Sievert, 2016; Beyene et al., 2024). On the other
hand, studies of expanded grid access suggest productive uses of electricity and returns to
income. Dang and La (2019) find that a 1% improvement in electricity grid quality increases
farm production investments by 3.5% in Vietnam, and Samad and Zhang (2016) show that
reliable power supply access increases incomes by 17% in India. Further, Alberini ez al.
(2020) find that households in Nepal are willing to pay $1.11 per month for reduced outages,
suggesting a household benefit associated with increased reliability. While none of these
studies directly measure the business expenses associated with low electricity reliability (the
parameter we estimate for our EAD calculations), taken together, they provide evidence that
enhanced electrification is needed to achieve productive use benefits. Our analysis using the
MTF data for Honduras identifies reduced business expenses associated with power outages
among tier four households, which aligns with this evidence from the empirical literature.

5. Results

This section compares the EAD for Honduras across electrification definitions and scenar-
ios. Given the differences in electricity access, rates of electrification, and electricity benefits
between rural and urban households, all calculations are shown separately for rural and
urban populations. First, we present the EAD calculations at both the household-year and the
country-cumulative levels. Second, we decompose the EAD into contributing benefits
categories to show how these various benefits accrue to households across electrification
scenarios. Finally, we present results using the alternative, consumer surplus calculation
approach.

5.1. EAD calculations

We compare the annual, household-level EAD across three tier-based electrification sce-
narios and one non-tiered comparison electrification scenario. These results are presented in
Table 3. Considering first the naive calculations that ignore a more nuanced definition of
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Table 3. Household annual EAD
Electrified EAD Tier 5 EAD Tier 3 EAD Hybrid EAD
() (2) (3) ) %) (6) (7N ®)
Urban Rural Urban Rural Urban Rural Urban  Rural

Non-tiered  43.35 51.44

Tier O 129.99 10559 74.11 56.66 12999 56.66
Tier 1 117.28 7957 6140 30.65 117.28 30.65
Tier 2 81.89 59.27  26.01 1034 81.89 10.34
Tier 3 55.88 48.93 0 0 55.88 0
Tier 4 3.21 0 0 0 3.21 0
Tier 5 0 0 0 0 0 0

Note: Authors’ calculations. All values in US$ using exchange rate of 23 L to 1 US$. Columns 1 and 2 do not use MTF tier
definitions; rather, estimates are assessed using a binary definition of household electricity access. Columns 3-8 present the EAD for
each scenario by tier (the total benefit of moving from the stated tier to the maximum tier reached under the scenario definition).

energy access, we estimate that the annual EAD for an unelectrified urban household in
Honduras is approximately $43 per year (Table 3, column 1); for an unelectrified rural
household, it is approximately $51 per year (Table 3, column 2). These results — based on a
binary definition of electricity access — demonstrate the existence of electrification benefits
and suggest that these benefits are larger for rural compared to urban unelectrified house-
holds.

Considering next the annual household EAD for tier-based analysis (Table 3, columns 3—
8), we find that the non-tiered estimates underestimate the potential benefits of electrification
and depict a different pattern of benefits between rural and urban households. Our analysis of
the Tier S EAD shows that unelectrified, urban households could gain annual benefits
amounting to almost $130 from transition to tier 5 electricity access; for rural households, the
benefits are valued at approximately $106 per year. These differences are largely driven by
higher-value benefits such as increased study time and decreased income loss that accrue
only to households reaching the highest tiers of access. Given the small proportion of
households realizing these benefits under the current tier distribution, these benefits are not
captured in the analysis of increased binary access. There are additional gains to moving into
higher-tiered access as well. For example, urban (rural) households with tier 3 access could
experience benefits amounting to $56 ($49) per year if they transitioned into tier 5 access
(Table 3, columns 3—4). We find similar patterns for Tier 3 and Hybrid EAD estimates,
although the magnitudes of benefits are, of course, lower. Comparing the Electrified EAD to
our three tier-based scenarios, the estimates for the Electrified EAD are substantially lower.
This suggests that the nuanced tier-by-tier parameterization of benefits reveals value from
enhanced electrification that a binary approach ignores.

The relative benefits of enhanced electrification depend on the starting point of electri-
fication as well as household economic status. For example, the median annual income
among urban households ($4190) is approximately double the median annual income among
rural households in our sample ($2101) (Luzi et al., 2020). Thus, the Tier 5 EAD is
approximately 3% of annual household income for the median urban household and 5%
of annual household income for the median rural household. These relative comparisons
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Table 4. Cumulative EAD

Business-as-Usual Electrified EAD Tier 5 EAD Tier 3 EAD Hybrid EAD
9] (2) 3) ) () (6) @) ®) ) (10)
Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural
Non-tiered 0.70 0.76 1.71 15.46
Baseline 1 1078.6 725.0 797.7 385.5 394 59.4 797.7 59.4
Baseline 2 1200.9 732.0 394.7 302.1 20.9 494 394.7 494

Note: Authors’ calculations. All values reported in million US$. Exchange rate of 23 L to 1 US$ was used. A discount rate of 5% was applied to calculate present values. Columns 1 and 2 report the benefits of
increasing (un-tiered) electrification across the projected electrification transition of universal electricity access in urban areas by 2028 and in rural areas by 2036. Columns 3 and 4 report the Electrified EAD
(binary definition of electrification) for comparison; the time horizon for the Electrified EAD also uses the projected electrification transition of universal electricity access in urban areas by 2028 and in rural
areas by 2036. Columns 1-4 do not use the MTF tier definitions. Columns 5—10 report the urban and rural EAD under three development scenarios: Tier 5 in columns 5 and 6; Tier 3 in columns 7 and 8; and a
Hybrid in columns 9 and 10. For columns 5-10, the EAD is calculated between 2021 and 2050.
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provide the necessary context for building objectives beyond simple economic efficiency,
such as equity and fairness, into electrification decisions.

While understanding the annual, household-level EAD calculations provides insight into
what shifts between electricity access tiers mean for individual households, camulative and
aggregate EAD calculations are informative for the development of national energy policy.
Table 4 presents these cumulative results. To complete our evaluation of the benefits of
energy access, we also present the benefits across Honduras’ BAU electrification transition.
While our main analysis considers the tier-based electrification benefits, we also present
untiered BAU and EAD estimations for comparison.

Starting first with the binary, untiered BAU and EAD analysis, we find that universal
electrification in Honduras would generate $18.6 million in benefits (Table 4, row 1, sum of
columns 1-4). Given Honduras’s current electrification trajectory, however, the country will
receive less than 8% of these benefits (Table 4, row 1, columns 1-2). The remaining 92% of
potential electrification benefits (Table 4, row 1, columns 3—4) will be lost as a result of the
time it takes for the country to achieve universal electrification.

Considering next our tiered approach, we calculate the cumulative aggregate (2021—
2050) BAU (Table 4, rows 2-3, columns 1-2) and EAD (Table 4, rows 2-3, columns 5-10)
across the established electrification scenarios and baselines. While we report results from
both Baseline 1 (slower tier progression) and Baseline 2 (faster tier progression), we focus on
Baseline 2 results as our main results. As expected, we find that the aggregate EAD is largest
for Tier 5 electrification in urban areas — amounting to over $394 million through 2050
(Table 4, row 3, column 5). For rural areas, the Tier 5 EAD is over $302 million (Table 4, row
3, column 6). Taken together, these EAD calculations suggest that incomplete energy
transitions in Honduras will leave nearly $697 million in unclaimed energy dividends
between 2021 and 2050. Summing the BAU and Tier 5 EAD (Table 4, row 3, columns
1-2 and 5-6), we find that the BAU scenario through 2050 capture just under three-quarters
of the aggregate potential energy benefits to Honduras, while slightly over one-quarter of
these benefits are lost due to incomplete and delayed energy transitions.

Examining an alternative incomplete energy scenario, we find that failing to achieve
universal tier 3 electrification results in an aggregate dividend of over $70 million between
2021 and 2050 (Table 4, row 3, columns 7-8). Approximately 70% of this dividend accrues
to rural households, demonstrating how electrification objectives — in terms of quality,
reliability, capacity, etc. — affect the distribution of potential benefits across urban and rural
populations. Summing the BAU and Tier 3 EAD (Table 4, row 3, columns 1-2 and 7-8)
reveals that BAU through 2050 generates approximately 96% of potential electrification
benefits, suggesting that immediate attainment of universal tier 3 electrification may not
generate substantially more benefits — related to those valued in this analysis — than the
country’s current timeline. Finally, the Hybrid EAD calculations lie between these two
scenarios. Similarly, summing the BAU and Hybrid EAD (Table 4, row 3, columns 1-2 and
9-10) reveals that BAU through 2050 generates just over 81% of potential electrification
benefits in Honduras. Figures 4A and 4B depict these cumulative dividends across the
3 electrification scenarios for Baseline 1 (Figure 4A) and Baseline 2 (Figure 4B). Equivalent
figures disaggregated by rural and urban populations are available in
Supplementary Figure B2. Comparing these results with the BAU benefits and Electrified
EAD demonstrates the importance of using a tier-based approach to EAD calculations to
evaluate the benefits of various electrification scenarios.
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Figure 4. Cumulative EAD scenario comparison assuming baseline 1 (Panel A) and
baseline 2 (Panel B).

5.2. Contributions across benefits categories

The aggregate EAD calculations demonstrate the significant dividends that are missed
through incomplete electrification transitions in Honduras. In Figure 5, we depict the benefit
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Figure 5. EAD contributions across benefits categories (baseline 2 shown; proportions
across baselines are descriptively identical).

Table 5. Consumer surplus-based forgone electricity benefits

Tier 5 scenario Tier 3 scenario Hybrid scenario

ey (@) 3) “ &) (6)
Urban Rural Urban Rural Urban Rural
Annual 24.0 101.5 13.1 92.9 24.0 92.9
Baseline 1 377.9 667.3 144.8 542.0 3779 542.0
Baseline 2 197.4 554.4 82.5 457.4 197.4 4574

Note: Authors’ calculations. All values reported in million US$. Exchange rate of 23 L to 1 US$ was used. A discount rate of 5% was
applied to calculate present values. Columns report the urban and rural benefits under three development scenarios: Tier 5 in
columns 1 and 2; Tier 3 in columns 3 and 4; and a Hybrid in columns 5 and 6. Rows report different aggregations: Annual benefits in
row 1; benefits between 2021 and 2050 assuming baseline 1 in row 2; and benefits between 2021 and 2050 in row 3.

categories that comprise these missed household benefits using Baseline 2 (an equivalent
figure using Baseline 1 is available in Supplementary Figure B3). This is important for
identifying the relative importance of benefits categories into the overall EAD and can
clarify the contributions of benefits that may be challenging to value such as emissions
(which relies on estimates of the social cost of carbon) and study time (which relies on wage
differentials). Further, it provides flexibility in the presentation of EAD estimates given the
possibility of certain benefits being more or less applicable in different contexts. Looking
first to our comparison Electrified EAD scenario, we find that 100% of the benefits of
electrification for urban households are attributable to asset ownership, which increases with
higher-quality electricity access. For rural households, the benefits are distributed across
asset ownership, lighting, phone charging, and emissions benefits. Comparing across urban
and rural households, categories of potential electrification benefits differ geographically.
This is partly due to the differences in starting points in electrification and economic status.
The vast majority of urban households are already electrified, such that benefits related to
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lighting and associated emissions reductions, as well as phone charging would be modest.
Accordingly, for urban unelectrified households, it is asset ownership that would especially
be enabled. Relatively more rural households are not electrified; thus, low-tier electrification
benefits are more significant. Further, the gains from electrification depend on a household’s
economic starting point — which is higher among urban compared to rural households in our
sample. This means there is additional scope for quantifying and monetizing benefits, such
as appliance use, among higher-income households that are and will be using more
electricity.

Turning to the alternative, tier-based EAD analyses clarifies the importance of other
benefit categories. For the Tier 5 EAD calculations, well over 50% of the EAD calculation
for both urban and rural households comes from improvements in electricity reliability that
decreases businesses expenses that are incurred as a result of blackouts. For both geogra-
phies, the second largest benefits share comes from asset ownership. In urban areas, study
time makes up the third largest share; in rural areas, phone charging. For the Tier 3 EAD
calculations, we find that benefits of asset ownership make up the largest percentage of the
EAD for both urban and rural areas. In urban areas, study time and phone charging make up
the second largest share; for rural households both phone charging and lighting make up
significant shares of the EAD calculation. Finally, the Hybrid EAD reflects both previous
scenarios. For urban households, business-related, asset ownership, and study time benefits
make up the largest share of the EAD; whereas, for rural households, asset ownership, phone
charging, and lighting are the relevant benefits categories. Across all policy scenarios
modeled, and in urban and rural locations, we find that changes in emissions represent a
small proportion of the overall EAD estimates. These benefits may be more significant (or,
alternatively, may become net costs) in other contexts, for example when climate-altering
emissions are reduced more substantially due to electrification or if the emissions intensity of
electrification technology is high.

5.3. Comparison with consumer surplus from electricity

An alternative approach to estimating the EAD across benefit categories is to estimate the
consumer surplus associated with the increased electricity consumption that comes with
movements into access to higher electricity tiers. For Honduras, we report the annual and
cumulative forgone benefits, calculated as the sum of missed consumer surplus and omitted
emission benefits, in Table 5. As with the previous analyses, we focus on Baseline 2 as our
primary results.

Across all policy scenarios, we find that the consumer surplus-based estimates show
larger forgone benefits for rural households. This differs from our EAD findings of more
substantial gains to high tier (tier 5) access among urban households. The EAD approach is
more flexible in allowing for differential demands for electricity across tiers and locations,
while the consumer surplus approach assumes the same demand curve across tiers and
geographies. Nonetheless, it is possible that the EAD may omit important benefits that are
not apparent from the disaggregated approach in the MTF analysis.

Another noteworthy difference across approaches is in the magnitudes of the estimates.
We find that, for rural households, the consumer surplus approach yields higher estimates of
forgone electricity benefits compared to our new EAD approach. This is true for scenarios
that transition households into tier 5 and tier 3 electrification. As the consumer surplus
approach should encompass all missed benefits of electricity access to a household, these
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differences in estimates suggest that the EAD approach could be expanded, particularly in
rural areas, to consider additional benefits of electrification. We also find that for urban
households, scenarios that transition households into tier 5 electrification (Tier 5 Scenario
and Hybrid Scenario) yield higher estimates using the EAD compared to consumer surplus
approach. As we base our elasticity estimates on the existing demand for electricity
throughout Honduras, and urban households in Honduras have the highest baseline access,
the urban consumer surplus estimates may underestimate changes in demand that might
occur if households had access to high reliability, capacity, and quality connections that are
also secure and legal. Given the challenges of estimating changes in electricity demand
across uncertain electrification transitions, we argue that the EAD approach offers an
alternative framework for estimating the potential gains of faster, more complete energy
transitions that are not as dependent on assumptions about electricity demand elasticities,
which likely vary across contexts and electricity uses.

6. Policy implications and conclusion

While levels of electricity access in Honduras are high, and the country is on track to achieve
universal electrification within the SDG timeline, characterizing this electricity access in
terms of reliability, duration, quality, and capacity reveals variation in how households can
use electricity and the dividends that result. Our application of the EAD to electrification in
Honduras demonstrates the importance of considering these dimensions of energy access —
both to characterize electrification in Honduras more fully and also to inform policy. The
results of the analysis point to important trade-offs in expanding access to unelectrified
households and improving the quality and reliability of electricity to electrified households.
For example, while the EAD reveals substantial potential benefits related to electricity use
for household business activities, these benefits are only available to households with tier
4 or 5 access. Thus, a strategy to integrate electricity into economic activity more fully would
require the expansion of higher quality, more reliable electricity. Further, we find substantial
potential gains to tier 3 electrification compared to basic access that supports only low
energy uses, but this dividend is concentrated in rural areas. This result is informative, for
example, in contextualizing the types of infrastructure needed to realize different electrifi-
cation benefits. As both grid and non-grid options — such as solar home systems and mini-
grids — can provide tier 3 access, our estimates can inform national investments in grid
expansion and off-grid technologies, considering the very different costs of such strategies.
Overall, our results demonstrate that there are substantial benefits left on the table due to
unreliable, insufficient, and poor-quality electricity access.

6.1. Study limitations

The EAD provides a specific framework tool for evaluating these lost dividends of slow or
incomplete energy transitions — focusing exclusively on missed household benefits with the
intent of informing allocations of energy resources or energy policy design (SEforALL et al.,
2017; Marzolf et al., 2019). Yet, there are a number of important limitations of our work.
First, the current example of EAD has omitted potential benefits to firms and industry due to
data limitations, but future applications could capture electrification benefits beyond those
accrued at the household level. Moreover, as the parameterization of the EAD model
depends, in our application, on data available in the cross-sectional, 2017 MTF survey for
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Honduras, the set of included private benefits is incomplete. For example, additional private
benefits such as health returns, investments in electronic assets beyond those identified in
our analysis, and potential for new types of income generation could be estimated in contexts
in which these benefits are both relevant and where better data exist for their estimation.
Relatedly, the EAD model is only as comprehensive as its parameterization. Insofar as the
empirical literature is inconclusive regarding the causal relationships between electricity
access and various benefits, we must rely on correlational analysis for parameterization. For
example, while electrification has been shown to deliver returns in the form of improved
education and, by extension, future wages, substantial uncertainty remains in the extent and
value of these benefits (Psacharopoulos & Patrinos, 2018; Patrinos & Psacharopoulos,
2020). Accordingly, we must rely on a limited set of estimates on which to base our
parameterization. Future iterations of the EAD would benefit from carefully constructed,
causal estimates of the short and long-term benefits of electrification and improved valuation
of these benefits.

Second, while the EAD estimates benefits missed over an electrification transition, we
use cross-sectional data for its estimation. Accordingly, the estimate could miss out on
impacts that materialize over time or respond to a changing energy policy landscape. As the
EAD is designed as a planning tool, however, these static estimates provide insight into
when and how to invest resources into improving electrification. Third, there may exist
variation at several different scales in the true benefits of electrification. Dividends may not
accrue to everyone in a household equally, and the decision maker may not take such
variation into account. For example, if a decision maker in a household chooses to purchase
an asset such as a phone, television, or radio, he or she may not account for the costs of that
appliance on others in the household — say a case where the technology distracts household
children from studying. Without clear guidance from the current literature or from survey
data regarding these potential differences we have not incorporated them into our EAD
estimate; however, future applications of the framework should do so when context and data
availability are amenable to such an approach.

Fourth, the EAD is not set up to provide this direct comparison of costs and benefits.
Yet, understanding the costs associated with energy transitions is essential for informing
policy. Electricity policy today is largely focused on least-cost electrification models
without full consideration of the varied benefits afforded by different electrification tiers
and trajectories. Thus, merging the EAD with robust cost analysis would provide the most
nuanced insight into the cost-effectiveness of and potential benefits associated with
electrification pathways. We include an incomplete, illustrative cost analysis for Honduras
in Supplementary Appendix C, yet note that data limitations inhibit fully incorporating this
into the EAD framework. Additional cost data is needed — for example, cost information
could be obtained from household surveys that indicate expenditures on electricity as well
as infrastructure planning documents and energy systems models that incorporate grid
extension and off-grid solution alternatives.

Fuller integration of both costs and benefits beyond household electricity use would make
the EAD framework a more complete policy tool to consider cost—benefit tradeoffs implied
by different electrification strategies. Further, increased data availability related to electricity
access and use — particularly data collected from the same or similar households at different
points in time — will allow for the expansion of this framework to specify the BAU baseline
more accurately and to consider other electricity benefits that are missing in this article. That
is, there is a need for better impact evaluations of the benefits of electrification — and the
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nuances of these relationships. In this article, we present the EAD as a general framework for
estimating the dividends forgone along slow or incomplete electricity transitions. We apply
the framework to the case of Honduras, a country that has made significant progress toward
universal electrification yet is still looking for progress on both basic connections as well as
improving quality and reliability. Our estimates for Honduras allow us to demonstrate the
applicability of the EAD given data constraints and limitations. In the future, researchers
could work to collect richer datasets that might allow for a more complete specification of the
EAD. Nevertheless, as implemented, the EAD provides a valuable starting point for
conceptualizing the dividends from electrification and comparing the dividends across
electrification scenarios.

Supplementary material. The supplementary material for this article can be found at http://doi.org/10.1017/
bca.2024.14.
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