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1 | INTRODUCTION

Electricity consumption by commercial and industrial customers comprises more than 60
percent of global electricity use. Under current policies, electricity demand in these sectors
will grow by about 2 percent annually over the coming decade, with even higher growth
expected under more aggressive climate change policies (International Energy Agency,
2022). These high growth rates reflect the essential role of electrification in achieving
decarbonization objectives. For example, new technologies will allow electricity to replace
fossil fuels in many high-emissions industrial processes. In the commercial sector, electricity
can replace fossil fuels for space heating, water heating, and cooking.

In most middle-income countries, the existing electricity tariffs for commercial and
industrial customers are unsuitable to encourage the transition to a low-carbon economy.
Many countries have non-residential electricity prices that are higher than residential prices
and substantially higher than the marginal cost of electricity generation. For example, in
Mexico, commercial and industrial customers pay an electricity price between two and three
times higher than the price paid by most households. This situation is not uncommon. The
mean ratio of non-residential to residential electricity prices is about 1.2 in middle-income
countries, compared to a mean below 1.0 in high-income countries (Figure 1). These high
prices reflect the use of implicit or explicit cross-subsidies from the non-residential sector to
the residential sector, as well as the use of average cost pricing for recovering the fixed costs
of electricity supply.

The higher average electricity prices for commercial and industrial customers relative
to residential customers are not justified by cost differences. Commercial and industrial
customers typically connect to distribution networks at higher voltage levels, which implies
lower distribution grid access charges relative to residential consumers. Most commercial
and industrial customers have hourly load shapes that imply an average cost of wholesale
energy lower than the typical residential hourly load shape. Commercial and industrial
customers are also more likely to have modern meters that can record their hourly electricity
consumption, which implies that they have both the ability and incentive, given their
substantially larger monthly electricity bills, to change their consumption in response to
hourly wholesale prices. For these reasons, in all major industrialized countries, commercial
and industrial customers typically pay significantly lower average prices for electricity than
residential customers.

This paper studies the distortions in the existing tariff structure for non-residential
and residential electricity consumers in Colombia. These tariffs have no fixed charges
and are based on average cost recovery. As a result of residential electricity subsidies, a
substantial share of households pay a marginal price for electricity that is lower than the
marginal cost of electricity supply. These households have an incentive to consume too
much electricity. Conversely, because the base tariff is determined based on average cost
pricing, all non-residential electricity consumers and many households face a marginal
price much higher than the marginal cost of electricity supply. These customers have an
incentive to consume less than the socially optimal quantity of electricity. Moreover, they
face a strong disincentive to invest in electrification technologies and reduce their fossil fuel
consumption.

We first analyze the effect of the policy change in 2012 that exempted industrial firms
from a 20 percent ad valorem tax on their electricity consumption. This tax, also paid by
high-income households and commercial electricity users, subsidizes an initial block of
electricity consumption for more than 80 percent of Colombian households. Under the new
policy, industrial customers are not automatically exempt from this tax and must reapply
every six months.
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FIGURE 1 Distribution of the Ratio Between Industrial and Residential Electricity Prices, by
Country Income Classification. Notes: Each histogram shows the distribution of the ratio between
industrial and residential electricity prices by country. A value of 1 means that the industrial
price is the same as the residential price. Prices as of 2019. Source: Global Petrol Prices (2021).

We show that the takeup of the tax exemption among industrial users is relatively
low. Approximately 15 percent of eligible customers receive the exemption, although
these comprise 70 percent of total industrial electricity consumption. Firms with higher
electricity consumption are much more likely to be exempt. Furthermore, many firms
lose the exemption because they do not reapply before the six-month expiration date. The
administrative requirement for the exemption, particularly the need to provide up-to-date
paperwork on tax status and industrial classification, is a significant burden for smaller
firms.

Given the low takeup of the industrial tax exemption, we propose an alternative tariff
that eliminates the distortions in the existing pricing structure. Under our alternative tariff,
all electricity consumers, both residential and non-residential, face a time-varying hourly
marginal price for their electricity consumption set equal to the marginal cost. While the
revenue from the real-time tariff would be sufficient to cover the generation cost, it will
not cover the retailing and distribution costs of electricity supply. Our proposed tariff
provides a methodology for calculating a monthly fixed charge for each electricity consumer,
proportional to their estimated expected hourly willingness-to-pay for electricity (Wolak,
2018). The total amount of these monthly fixed charges will equal the remaining fixed
electricity supply costs that are not recovered through the hourly marginal price.

Two novel aspects of our proposed tariff make it particularly suitable to incentivize the
energy transition. First, the tariff eliminates all existing customer categories. The amount
each customer pays depends only on their hourly consumption profile, not on whether
they are a household, hospital, or shop. Changing electricity generation and consumption
patterns—for example, residential customers may now have on-site generation and storage—
are making historical customer class distinctions increasingly irrelevant. Moreover, tariffs
that vary based on the customer category create incentives for electricity users to engage in
socially wasteful attempts to change their tariff classification. The second advantage of our
tariff is that the bill depends only on information collected by the distribution utility about
the hourly usage of each customer. It does not require utilities to have access to potentially
sensitive financial information about their customers to use as a crude proxy for willingness
to pay.

We illustrate the distributional implications of our proposed tariff using one year of
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detailed data on the electricity consumption and bills of every electricity consumer in
Colombia—both residential and non-residential. Our sample comprises 160 million elec-
tricity bills from 12.7 million customers, of which approximately 90 percent are residential.
Moreover, our data come from thirty separate distribution utilities, each with a different
base tariff level and a varying composition of customer types. We combine this billing data
with hourly metered data for nearly 2,000 large, unregulated electricity consumers (almost
all commercial and industrial users) free to choose their electricity retailer and negotiate
their tariffs. Along with hourly data on the withdrawals from the transmission network for
each electricity distributor, we use this data to estimate each customer’s hourly profile of
usage and their wholesale electricity supply cost.

With our comprehensive data on the universe of electricity consumers in Colombia,
we calculate our proposed alternative tariff for each distribution network and electricity
customer. We then compare customer payments under the existing tariffs to the amount each
customer would pay under the proposed tariff. Non-residential customers in the bottom
80 percent of the consumption distribution would be better off under the proposed tariff.
These customers are paying the highest price with the existing tariff. Large non-residential
customers would face a substantial increase in their electricity bills. The pattern is reversed
for residential consumers: on average, residential customers in the bottom 80 percent of
the consumption distribution would be worse off under the proposed tariff. However,
their electricity bill increase would be relatively small, with the average bill increasing by
only about US$1.50 per month. Residential customers with high consumption would see a
reduction in their bills.

Overall, our results show that it is feasible to change the existing tariff structure to
provide correct incentives for consuming electricity and investing in electrification. Given
the existing subsidies provided to residential electricity consumers, it is not possible to
design an efficient tariff that would make every user better off compared to the status quo.
Nonetheless, our methodology for varying the fixed charge across customers ensures that
the bill increase for households with low consumption will be relatively small.

This paper contributes to a small amount of recent literature on designing economically
efficient electricity tariffs to support the energy transition. Burger et al. (2020) compare
alternative tariff designs for residential electricity consumers in Chicago, focusing on two-
part tariffs with a real-time price equal to marginal cost. They consider three methods to
vary fixed charges to reduce the effect of a uniform fixed charge on low-income households:
historical consumption, customer income, or geographical information. Borenstein et al.
(2022) use residential billing data from the three major utilities in California to show the
inefficiencies of the existing tariff structure and then discuss alternative methodologies for
residual cost recovery, including setting a fixed charge based on household income. McRae
and Wolak (2021) use household survey data from Colombia to illustrate the inefficiencies
of the existing tariffs and then demonstrate the distributional effect of an efficient two-part
tariff with a fixed charge that varies based on the estimated willingness to pay.

A novel feature of this paper is demonstrating how an economically efficient tariff can
be designed and used for all electricity consumers rather than restricting the analysis to resi-
dential customers. As discussed above, in many countries, there are significant distortions
in electricity pricing across different customer classes, not just within one particular category
of consumers. Alternative tariff designs that vary the fixed charge based on household
income, for example, have no obvious extension to the non-residential sector.

The remainder of this paper is organized as follows. Section 2 provides information on
Colombia’s electricity tariffs. Section 3 describes the data used for our analysis. Section 4
provides descriptive evidence about the industrial tax exemption policy. Section 5 provides
the theoretical basis for our alternative tariff proposal, Section 6 describes our empirical
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methodology, and Section 7 provides our results. Section 8 concludes.

2 | BACKGROUND

Electricity users in Colombia are served by 30 distribution utilities, each a monopoly within
its service territory.! Since 1994, electricity tariffs in Colombia have been regulated by the
Energy and Gas Regulatory Commission (CREG). CREG sets a formula for each component
of the base tariff that distribution utilities can charge. Most of these tariff components are
set using an average cost methodology so that the utilities can recover their costs and earn a
regulated rate of return on their invested capital.

Colombia has substantial variation in the regulated base tariffs (Figure 2). Among the
major utilities, the lowest tariffs in 2017 were on the Caribbean coast, in the former service
territory of the (now liquidated) Electricaribe. The highest tariffs were in the southern
departments of Narifio and Putumayo, followed by the departments in the eastern lowlands.
Because the wholesale electricity price is the same everywhere in Colombia, there is little
variation in the generation component of the base tariff, with only minor differences due
to forward contract pricing and timing. Instead, most of the tariff differences result from
the distribution and retailing components. Because these costs are mostly fixed, the largest
utilities, such as Electricaribe, EPM, and Codensa, can divide them by more kilowatt-hours
sold, reducing the average cost per kilowatt-hour. These components are greatest for smaller
and more rural distribution utilities.

Few electricity users in Colombia pay the base tariff. Instead, there is a system of cross-
subsidies designed to reduce the price paid by households in lower-income neighborhoods.
These subsidies are financed, in part, by households in higher-income neighborhoods and
commercial and industrial electricity users. Specifically, each residential customer is as-
signed to one of six strata (estratos in Spanish), with the assignment carried out by the
local municipal authority based primarily on the external characteristics of each neighbor-
hood. Most households in Colombia are assigned to Strata 1, 2, or 3 and receive a subsidy
of approximately 55 percent, 45 percent, or 15 percent for their first block of electricity
consumption each month.? Above the subsidized amount, households pay the regulated
base tariff. The price schedule is an increasing block tariff, meaning that subsidized house-
holds with high consumption still keep the subsidy on their inframarginal consumption.
Households in Stratum 4 pay the regulated base tariff for their entire consumption.

Strata 5 and 6 households and commercial and industrial customers pay a 20 percent
ad valorem tax on the regulated base tariff. This tax funds the subsidies for the Strata 1
to 3 households. The electric utilities calculate the total subsidies paid out and the total
contributions received each month. The Colombian government pays any shortfall or
receives any surplus through a central redistribution fund known as the FSSRI (for its
initials in Spanish). The overall fund runs at a deficit, which is funded by the government
out of general taxation.

An important change to the system of subsidies and contributions occurred as part
of a broader package of fiscal reforms in 2010 (Ley 1430 de 2010). This law eliminated
the 20 percent contribution from industrial users as of 2012. The exempted sectors were
defined based on their industrial classification code and included agriculture, forestry,

IThere has been substantial consolidation among the distribution utilities. The largest utility, Empresas Piiblicas
de Medellin, has acquired many smaller utilities in several different regions of Colombia. In most cases, these
acquired utilities have retained the brand identity and are still regulated independently.

2The size of the subsidized block varies by altitude. Households in warmer regions, defined as municipalities
below 1,000 meters above sea level, receive the subsidy for their first 173 kWh each month. Households in
cold regions, above 1,000 meters, receive the subsidy for their first 130 kWh each month.
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FIGURE 2 Regulated base electricity tariffs in Colombia in 2017. Notes: The left map shows
the mean regulated base tariff in each municipality for 2017, assumed to be the tariff for a low-
voltage industrial user with connection equipment owned by the distribution utility, excluding
any contribution. Municipalities with missing data are filled in from the department average.
Grey departments are not connected to the national transmission network. The right figure shows
the components of the base tariff by electricity distributor as of June 2017: retailing, distribution,

generation, transmission, and other (losses and restrictions). Source: Tariff component data is
from the website of each distributor.
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mining, manufacturing, maintenance services, water and electric utilities, construction,
and publishing. However, exemption from the tax was not automatic, and as we will
show in Section 4, less than 20 percent of industrial customers applied for and received
the exemption. As a result, most non-residential customers continue to pay the 20 percent
contribution.

Not all electricity users in Colombia pay the regulated tariffs. Large electricity consumers,
defined as those with demand exceeding 100 kW or a monthly consumption exceeding
55,000 kWh, can choose to contract directly with an electricity retailer and pay a mutually
agreed tariff. Unlike in the regulated market, where users must receive retail service from
their local utility, there is retail competition in the deregulated market. Although their
electricity price is not regulated, all deregulated users must still pay the 20 percent tax on
their consumption unless they receive the exemption.

3 | DATA AND DESCRIPTIVE STATISTICS

In this section, we describe the data used for our empirical analysis and provide a descriptive
analysis of the existing distributions of electricity consumption, tariffs, and bills.

The primary data source for the analysis is the monthly billing data for all electricity
consumers in Colombia during 2014. Supplementary data sources include (i) the hourly
metered consumption for the largest electricity users during 2014, (ii) the hourly withdrawals
from the transmission network for each of the electricity distributors during 2014, and (iii)
the hourly wholesale market price. We focus on 2014 for the analysis because the hourly
metered data is unavailable after 2016. Moreover, the Colombian electricity market faced
multiple disruptions during 2015 and 2016, partly due to a decline in hydroelectric inflows,
leading to unusually high wholesale market prices and the threat of rationing. As of 2023,
the structure of retail electricity tariffs remains identical to 2014.

The variables in the billing dataset include the monthly billed consumption, the price
paid per kilowatt-hour, the amount of any subsidies received or contributions paid, the
amount of overdue charges from previous bills, and the bill total. The dataset also reports
information on the connection type: the voltage level, whether the connection is aerial or
underground, and the ownership of the connection assets. These variables all affect the tariff
paid by each customer. The customer location is reported at a county (municipality) level,
plus an indicator for whether the firm is in an urban area, rural area, or outlying village.

Table 1 provides summary statistics of the main variables in the billing data that are
used in the analysis. There are 11.6 million residential customers served by the 30 electricity
distributors. Each customer has an average of 12.6 bills with a billing period including at
least one day during 2014, giving a total of 146.2 million bills in the data. There are about
one-tenth as many non-residential customers as residential customers: 1.15 million. These
customers also had an average of slightly more than 12 bills in 2014.

The mean consumption of residential electricity consumers is relatively low: about
5 kWh per day, or 150 kWh during a typical 30-day billing cycle. The mean for non-
residential consumers is about six times higher (31 kWh per day). Moreover, the distribution
of non-residential consumption is highly skewed. The 99th percentile of non-residential
consumption is 394 kWh per day, more than 12 times greater than the mean consumption.

For each bill, the marginal price is defined as the amount by which the total bill would
increase if consumption were 1 kWh higher. The average price is the total consumption
component of the bill (including any taxes and subsidies) divided by the total consumption.
The mean of the marginal prices faced by residential customers in 2014 was 14.73 US cents
per kWh. This mean is higher than the average residential price (12.96 US cents per kWh)
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TABLE 1 Descriptive statistics

Pl Mean Median SD P99
Residential customers
Consumption (kWh/day) 0.00 5.04 3.94 8.70 24.60
Marginal price (US cents/kWh) 394 1473 16.07 279.51 24.60
Average price (US cents/kWh) 3.84 1296 11.95 279.50 24.48
Total monthly bill (US$) 0.00 2855 15.22 429.22 189.62
Share overdue (0/1) 0.00 0.12 0.00 0.33 1.00
Number of customers 11,577,512
Number of bills 146,225,456
Non-residential customers
Consumption (kWh/day) 0.00 31.00 6.60 229.06 394.23
Marginal price (US cents/kWh) 16.18  22.68 22.88 31.98 29.46
Total monthly bill (US$) 0.00 271.77 51.85 11,053.02 3,036.31
Share overdue (0/1) 0.00 0.14 0.00 0.35 1.00
Number of customers 1,153,390
Number of bills 14,029,610
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FIGURE 3 Distribution of Marginal Electricity Prices for Residential and Non-Residential
Consumers during 2014. Notes: Each histogram shows the distribution of monthly marginal
prices for residential (left) and non-residential (right) electricity consumers in Colombia. The
marginal price is defined as the change in the bill for one additional kilowatt-hour of consumption.
This is the price for the consumption tier on which the consumer is located. Prices are converted
to US cents/kWh using the mean exchange rate for each billing cycle. The vertical lines show the
mean hourly wholesale (bolsa) price during 2014, converted to US cents/kWh using the daily
exchange rate and multiplied by 1.08 to account for estimated transmission and distribution
losses. Source: Own calculations based on the data in Section 3.
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due to the increasing block tariff. With an increasing block tariff, the marginal price will
always be greater than or equal to the average price for every bill.

Because all non-residential customers face a uniform tariff, the marginal price equals the
average price for every bill and customer. The mean marginal price (also the mean average
price) was 22.68 US cents per kWh during 2014, 75 percent higher than the mean average
price for residential customers. The range of average prices in the non-residential sector is
relatively small: from 16 to 29 US cents per kWh. By comparison, the average price range
for residential customers is large: from 4 to 24 cents per kWh.

Figure 3 illustrates the distribution of marginal prices for residential and non-residential
customers during 2014. The distribution for residential customers (left panel) is bimodal.
The lower mode of about 10 cents/kWh corresponds to subsidized households on the first
block of the tariff schedule, for whom the marginal price is the subsidized price. The upper
mode of slightly less than 20 cents/kWh corresponds to the subsidized households on the
second block of the tariff schedule paying the base tariff (shown in Figure 2). There is a
smaller mass of households paying more than 20 cents/kWh, corresponding to customers
in higher-income neighborhoods who contribute to the cross-subsidy scheme. Unlike the
residential distribution, the distribution of marginal prices for non-residential customers
(right panel) is unimodal, with a mode of about 24 cents/kWh. Most non-residential
customers pay the base tariff in Figure 2 plus the 20 percent contribution.

The dashed vertical lines in Figure 3 show the mean hourly marginal cost of supplying
electricity in Colombia during 2014. The marginal cost is calculated as the hourly wholesale
market price, converted to US dollars using the daily exchange rate, scaled up by 1.08
to account for estimated transmission and distribution losses. Very few customers pay
a marginal price close to the marginal cost of electricity supply. Most of the subsidized
households on the first tier of the tariff schedule face a marginal price below the marginal
cost. Non-residential customers, unsubsidized households, and subsidized households
on the second tier of the tariff schedule face a marginal price far above the marginal cost.
McRae and Wolak (2021) describe how this deviation from marginal cost pricing distorts
short-term and long-term electricity consumption decisions.

4 | TAKEUP OF THE INDUSTRIAL TAX EXEMPTION

We first analyze the effect of the policy change in 2012 that provided industrial firms with
an exemption from a 20 percent ad valorem tax on their electricity consumption.

There are two ways we can identify the firms that have an exemption from the 20
percent tax. First, we can observe a zero contribution on the bill in a given month. We
supplement this data with administrative data at a quarterly level on all firms that have
the tax exemption. The advantage of the exemption data is that it reports both the tax
identification number and the four-digit sector of each exempt firm. Using the tax identifier,
we match this data to a statistical database of more than 800,000 Colombian firms.

Figure 4 provides an aggregate-level summary of our billing data for industrial con-
sumers. The number of industrial firms increased from less than 70,000 in 2010 to more
than 85,000 in 2019. The total monthly consumption of industrial firms also grows over the
period, from about 300 GWh in 2010 to nearly 500 GWh in 2019. The most notable jump
occurred in 2014. Although there are some very large electricity consumers in our data,
most of the firms are small. The median monthly electricity consumption fluctuates between
400 and 500 kWh (right panel of Figure 4). The graph of median consumption illustrates the
seasonal pattern of consumption, which falls each year over the December holiday period.

Figure 5 summarizes the effect of the 2012 tax exemption on the contributions by in-
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FIGURE 4 Number of industrial customers and consumption, 2010-2019. Notes: The first
panel shows the number of unique industrial customer identifiers each month. The second panel
shows the aggregate electricity consumption of all industrial customers each month. The third
panel shows the median monthly electricity consumption of industrial customers each month.
Source: Own calculations based on the data in Section 3.

dustrial firms in Colombia. The left panel shows the total monthly contributions by the
industrial firms, expressed in real 2018 U.S. dollars. In 2011, these contributions were about
$8 million each month. Contributions halved in January 2012 and subsequently declined
throughout the remainder of 2012, to a low of about $3 million. Since then, contributions
have risen in real terms to about half of their pre-reform level. This increase was due to
higher electricity consumption and (because the tax is ad valorem) higher real electricity
tariffs.

The right panel of Figure 5 shows the share of exempt firms in the data. Remarkably,
throughout the sample period, only 15 to 20 percent of industrial firms have the exemption.’
The remaining firms continue to pay the 20 percent tax on their electricity bills. While
relatively few firms have the exemption, the exempt firms tend to be larger. About 70
percent of total electricity consumption is exempt. This share has remained relatively stable
since 2013.

Figure 6 provides additional detail on the relationship between firm size (as measured
by electricity consumption) and the probability of a firm having the exemption. For this
figure, we rank firms by their mean electricity consumption during 2011, measured in
kilowatt-hours per day. We split firms into 100 bins based on percentiles of their 2011
consumption. For each bin, we calculate the share of firms with the tax exemption during
at least one month of 2017. The horizontal axis of the left panel shows the percentile of
consumption, with the vertical axis the share of exempt firms in each percentile. The right
axis shows the same data, but now with the horizontal axis showing the 2011 consumption,
in kWh per day, on a log scale.

As shown in Figure 6, small firms are very unlikely to have the tax exemption. The share
of exempt firms is much lower than 10 percent up until the 60th percentile of historical
consumption, which corresponds to about 30 kWh per day. Above that level, the share

30ur take-up results parallel those of Gerster and Lamp (2023), who studied a policy that exempted industrial
electricity consumers in Germany from a tax that was used to fund renewable energy subsidies. Similar to our
setting, the take-up of the exemption by German firms was less than 100 percent.
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FIGURE 5 Total industrial contributions and share of exempt industrial customers, 2010-2019.
Notes: The left panel shows the total monthly revenue from the 20 percent tax on industrial
electricity consumers, converted to US dollars using the mean exchange rate each month. The
right panel shows the share of industrial electricity customers who do not pay the 20 percent tax
each month (dark blue line) and, for these customers, the share of their electricity consumption
out of the total industrial electricity consumption each month (light blue line). Source: Own
calculations based on the data in Section 3.

of exempt firms grows sharply with consumption. In the highest percentile of historical
consumption (with a mean daily consumption exceeding 10 MWh), more than 90 percent of
firms have the exemption.

To provide further insights into the types of firms that receive the exemption, Figure 7
shows the fifteen three-digit industry categories with the greatest share of exempt firms.
This figure is based on the administrative data of exempt firms in 2019, matched to the
statistical database of firms.* These exemption shares are not directly comparable to the
ones shown in Figures 5 and 6. The billing data is at the establishment level, whereas
the administrative datasets are at a firm level, and a single firm may have many exempt
establishments. Only three industries have more than 10 percent of firms with an exemption:
battery manufacturing, cable manufacturing, and plastic product manufacturing. Apart
from the fifteen industries shown in the figure, all other industries have fewer than five
percent of exempt firms.

The results in this section reflect the structure of manufacturing in Colombia. Within each
industry, there are a tiny number of large firms with high electricity consumption. These
firms are very likely to have the tax exemption. In addition, there is a long tail of small firms
with low electricity consumption, who are unlikely to have the exemption. Interestingly,
given that tariffs are lower for firms that connect at a higher voltage, the smaller low-voltage
consumers would receive a larger benefit per kWh from the tax exemption.

It is likely that the process of applying for exemption deters many firms that have
low electricity consumption and relatively little to gain from not paying the tax. This
application process has to be repeated every six months. While it is possible to imagine how

4Unfor’cunately, it is impossible to construct this figure directly from the billing dataset because we do not have
the industrial classification of firms in the billing data.
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consumption. Notes: Each point corresponds to the firms in a percentile of 2011 electricity
consumption before the exemption policy was introduced. The vertical axis shows the share of
those firms with an exemption during 2017. The horizontal axis in the left panel is the percentile
of 2011 consumption. In the right panel, the horizontal axis shows (on a log scale) the mean
consumption in kWh per day for the firms in each percentile. Source: Own calculations based on
the data in Section 3.
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FIGURE 7 Industries with largest share of exempt firms. Notes: The graph shows the
share of exempt firms for the fifteen industries with the largest share of exempt firms. Source:
Administrative database of firms receiving the exemption combined with the statistical database
of all firms.

to streamline and automate the exemption process, it is not clear that this would be in the
government’s interest, given the increased shortfall that would result for the cross-subsidy
program. Also, without a rigorous verification process, there would be concerns about
commercial firms reporting themselves as industrial users to avoid paying the 20 percent
tax. For this reason, in the following section, we describe an alternative tariff structure that
would align tariffs across all customer classes.

5 | THEORY FOR ALTERNATIVE TARIFF STRUCTURE

In this section, we describe a new electricity tariff design that eliminates the current tariff
differences between customer classes and provides all electricity consumers with socially
efficient incentives to consume electricity.

A bedrock principle for an efficient electricity tariff design is that all customers pay a
time-varying marginal price set equal to the social marginal cost each hour at the customers’
location. This price varies hour-by-hour based on the wholesale electricity price. If electricity
generators are taxed based on the social cost of their local air pollution and greenhouse
gas emissions, with these taxes incorporated into the offer prices submitted to the market
operator, then the wholesale price will reflect the hourly social marginal cost of electricity
generation, including the environmental externalities. Ideally, the electricity price will vary
across locations to reflect real-time constraints in the electricity transmission network and
transmission line losses. Such a system of locational marginal prices is not currently used in
Colombia but is found in all wholesale electricity markets in the United States.

Marginal cost pricing for electricity does not provide sufficient revenue to recover all
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FIGURE 8 Stylized Example of Expected Hourly Willingness to Pay

costs associated with electricity supply. In particular, marginal cost pricing based on the
wholesale electricity price will recover the generation cost but not the cost of distribution
and retailing. Under the current tariff system, distribution and retailing costs are recovered
using an average cost price—but this distorts the incentives for electricity consumption.

In our alternative tariff proposal, all remaining costs of electricity supply will be recov-
ered through fixed monthly charges. We envisage two components of the fixed charge. The
first component is the same for all electricity customers within a particular voltage level.
In particular, the charge will be the same for all residential and non-residential customers
with a standard low-voltage connection. In our empirical illustration below, we set the
low-voltage charge as US$1 per month.

The second (and more novel) component of the fixed charge is based on an allocation
of the remaining revenue requirement in proportion to the estimated expected hourly
willingness to pay (EEHWTP) for each electricity consumer, both residential and non-
residential. Electricity distribution utilities with access to the hourly metered electricity
consumption of each customer throughout the year can use this information alone to
estimate the EEHWTP, updating the fixed charge paid by each customer annually. Further
theoretical discussion of the EEHWTP mechanism is provided by Wolak (2018) and McRae
and Wolak (2021).

Figure 8 provides a simple stylized example to motivate the rationale for and calculation
of the EEHWTP. Suppose the electricity demand of a customer varies each hour with, say,
50 percent of hours with demand D; and 50 percent of hours with demand D;. For the
hours with demand D1, the consumption at the marginal cost price MC is 50, and the
total willingness to pay for electricity is the area CS;. For the hours with demand D, the
consumption at MC is 100, and the total willingness to pay is the area CS,.

Given the assumptions in this stylized example that (i) demand is linear, and (ii) demand
curves are parallel (that is, the slope is the same), the area CS; is four times larger than the
area CSy. This is the case even though the quantity demanded in the hours with demand
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D3 is only twice that demanded in the hours with demand D;. The expected consumption
for this customer is 75. However, the expected hourly willingness to pay to proportional to
the expected squared consumption. For this example, assuming a demand slope of 1, the
expected willingness to pay will be 0.5 x 0.5 x 50? + 0.5 x 0.5 x 100* = 3125.

We can provide an alternative expression for the EEHWTP using the standard formula
for the variance in terms of the expected square and the squared expectation:

EEHWTP = E[Q?] = (E[Qn]?) + var(Qn) 1)

With hourly metered data across the 8760 hours of the year, either of these two expressions
can be calculated for every customer.

Under our proposal, each distribution utility will update the EEHWTP for each of its
customers annually, using each customer’s hourly consumption for the previous year. The
utilities will then allocate their revenue requirement across their customers in proportion to
the share of each customer’s EEHWTP in the aggregate EEHWTP. As shown in Equation (1),
customers with higher mean consumption or greater variance in their consumption will
have a higher EEHWTP and be assigned a higher fixed charge.

6 | EMPIRICAL METHODOLOGY

To illustrate our tariff proposal described in Section 5, we use the billing data for all electricity
consumers in Colombia, described in Section 3. In this section, we provide details on how
we calculate the customer bills under the alternative tariff.

The first step in our empirical analysis is to impute the consumption in each hour of the
year for every electricity customer. The largest non-residential electricity consumers have
interval meters, and for these customers, we observe their hourly consumption directly. For
non-residential consumers without interval meters, we allocate their monthly consumption
across the hours of the month based on the load shape of non-residential customers in the
same sector (commercial, industrial, educational, healthcare, or public institutions). For
example, we assume that a school without an hourly meter will have the same distribution
of consumption across hours as a school with an hourly meter.

During our study period, few residential customers in Colombia had real-time electricity
meters. We allocate the monthly consumption of each customer across the hours of each
month based on the hourly aggregate load shape for the regulated customers served by
each distribution utility. These load shapes show the expected daily pattern of consumption
being higher during the early evening hours.

The next step in our calculation is to compute the total annual revenue requirement for
each distribution utility. From the billing data, we calculate the total revenue collected from
all customers, including the net subsidy contribution from the central government. We then
use (i) the imputed hourly consumption of each consumer, with (ii) the hourly wholesale
market price for each hour during 2014, to calculate the estimated wholesale cost of the
electricity consumed during the year. The difference between the total revenue collected and
the estimated wholesale cost is the revenue collected from the customer that contributed
towards fixed cost recovery. Summing this difference across all customers for each utility
gives the revenue requirement for each utility during 2014.

Using the imputed hourly consumption, we use the formulas in the previous section to
calculate the EEHWTP for each customer during 2014. We aggregate the EEHWTP for all
customers at the distribution utility level. Each customer is then assigned a fixed charge
equal to its share of the total revenue requirement for the distribution utility, where the
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FIGURE 9 Average price by residential and non-residential consumption decile, based on
existing tariffs in 2014 Notes: Each bar shows the mean electricity price in US cents per kWh that
customers in each consumption decile would pay under the existing tariffs in 2014. Residential
customers are shown in the left panel and non-residential customers in the right panel. Source:
Own calculations based on the data in Section 3.

share is equal to the share of EEHWTP in aggregate EEHWTP.

We make two minor modifications to the above procedure for the results presented in
the next section. First, we set an additional fixed charge that does not depend on EEHTWTP.
This charge is $1 per month for low-voltage households and businesses, $10 per medium-
voltage businesses, and $100 per month for the highest voltage connection. The revenue
from this fixed charge reduces the total revenue requirement assigned by the EEHTWP
mechanism. The second change we make is to winsorize the customer-level EEHWTP
values at the 99.5th percentile. This reduces the fixed charge allocated to the customers with
the highest mean and variance of hourly consumption.

The proposed new tariff consists of marginal cost pricing based on the hourly wholesale
cost of electricity (scaled up to account for transmission and distribution losses) plus
a monthly fixed charge containing a voltage-dependent fixed charge and an additional
revenue recovery component allocated in proportion to each customer’s EEHWTP.

7 | RESULTS

71 | Distributional Analysis of Existing Tariffs

To illustrate the tariff differences across customers based on consumption level and customer
class, Figure 9 shows the average prices for electricity in 2014. The left panel shows the
average prices for residential consumers; the right panel shows non-residential. Within each
panel, the bars show the average price by the deciles of electricity consumption for that
customer type. For the residential sector, consumers with the lowest consumption pay the
lowest average price. This reflects the increasing block tariff used in most low to middle-
income neighborhoods in Colombia. Because electricity consumption is positively correlated
with income, customers with the lowest consumption are more likely to neighborhoods
assigned the highest subsidy level, and their consumption stays within the initial subsidized
block. For the non-residential sector, the consumers with the lowest consumption pay the
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FIGURE 10 Lorenz Curve for Electricity Consumption and Total Bills. Notes: Each Lorenz
Curve shows the cumulative share of total electricity consumption (thin red line) or the total
electricity bill (thick blue line), plotted against the cumulative number of customers on the
horizontal axis, under the existing tariffs in 2014. Residential customers are shown on the left
panel, and non-residential customers are shown on the right panel. The labels on each curve are
the associated Gini coefficients. Source: Own calculations based on the data in Section 3.

highest average price. Only non-residential customers with very high consumption can
connect at high voltages and pay a lower average price.

An alternative approach for visualizing the distribution of electricity consumption and
bills is plotting these as a Lorenz curve. Levinson and Silva (2022) first used this method
to illustrate the variation in residential electricity tariff structures across electric utilities
in the United States. Figure 10 shows the Lorenz curves for electricity consumption (thin
red line) and total bills (thick blue line) for all residential and non-residential customers in
Colombia during 2014. The Lorenz curve shows the cumulative percentage of total electricity
consumption (or bills) on the vertical axis plotted against the cumulative percentage of the
number of customers on the horizontal axis. If all customers had identical consumption, the
Lorenz curve for electricity consumption would lie along the 45-degree line. The greater
the curvature of the Lorenz curve, the more unequal the distribution of consumption. This
curvature is summarized by the Gini coefficient shown alongside each curve. Higher values
of the Gini coefficient correspond to a more unequal distribution.

As shown in Figure 10, the distribution of non-residential electricity consumption is
considerably more unequal (Gini of 0.81) relative to the distribution of residential electricity
consumption (Gini of 0.44). This is because most non-residential customers have low
consumption, similar to a typical household, but a small number of non-residential users
have extremely high consumption. These high users comprise a large proportion of total
non-residential consumption. The distribution of residential bills is more unequal than
that of residential consumption (Gini of 0.52 versus 0.44). This is a result of the subsidies
received by many residential users that lower the total bill paid. Conversely, given the
uniform tariff for non-residential users, the distribution of bills for these customers is similar
to the distribution of consumption (Gini of 0.79 versus 0.81).
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FIGURE 11 Lorenz Curve for Electricity Consumption and Total Cost Recovery. Notes: Each
Lorenz Curve shows the cumulative share of total electricity consumption (thin red line) or the
contribution towards fixed cost recovery (thick blue line), plotted against the cumulative number
of customers on the horizontal axis, under the existing tariffs in 2014. Residential customers are
shown on the left panel, and non-residential customers are shown on the right panel. The labels
on each curve are the associated Gini coefficients. Source: Own calculations based on the data in
Section 3.
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FIGURE 12 Fixed Charges under Counterfactual Tariff Proposal, by Residential and Non-
Residential Consumption Decile. Notes: Each bar shows the mean monthly fixed charge that
customers in each consumption decile would pay under the counterfactual tariff with the fixed
charge varying based on the EEHWTP. Residential customers are shown on the left panel, and
non-residential customers are shown on the right panel. Source: Own calculations based on the
data in Section 3 and the methodology in Sections 5 and 6.

Figure 11 shows the same Lorenz curves for electricity consumption, with the addition of
Lorenz curves for fixed cost recovery. The fixed cost recovered from each bill is calculated as
the total billed consumption, less the estimated wholesale cost of the electricity consumption
during the billing cycle (including estimated losses).” Remarkably, the Lorenz curve of
fixed cost recovery for residential customers extends below zero, and the Gini coefficient is
greater than 1. This is because, as shown in Figure 3, slightly less than half of residential
customers pay a price below the marginal cost, so their bill payments do not even cover
their variable costs of electricity supply. A small share of households pay most of the total
fixed cost recovered from the residential sector. For non-residential users (right panel), the
Lorenz curve for fixed cost recovery is always positive and is slightly less unequal than for
electricity consumption (Gini of 0.77 versus 0.81). All non-residential users pay a price that
exceeds marginal cost, but the largest users pay a lower price than the smallest users.

7.2 | Distributional Analysis of Counterfactual Tariffs

Under our proposed tariff, all customers in Colombia will pay the same hourly price for
electricity consumption. While these marginal prices are the same for everyone, the fixed
charges will differ greatly (Figure 12). Except at the highest deciles, fixed charges are low
for most households and mostly comprise the US$1 charge set based on voltage levels. By
far, the highest fixed charges are imposed on the largest non-residential customer.

The pattern of average prices (Figure 13) looks very different from average prices under
the existing tariffs (Figure 9. Average prices are similar for residential and non-residential
customers at the low end of the consumption distribution. The highest average prices are
paid by residential and non-residential customers with consumption in the 9th or 10th
deciles. It is important to note that all customers face an identical marginal price regardless
of their consumption. The only difference is in the cost recovery allocation based on the

5Additional details of the calculation of the fixed cost recovery are provided in Section 6.
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FIGURE 13 Average Price by Residential and Non-Residential Consumption Decile, under
Counterfactual Tariff Proposal. Notes: Each bar shows the mean electricity price in US cents per
kWh that customers in each consumption decile would pay under the counterfactual tariff with
the fixed charge varying based on the EEHWTP. Residential customers are shown on the left
panel, and non-residential customers are shown on the right panel. Source: Own calculations
based on the data in Section 3 and the methodology in Sections 5 and 6.

EEHWTP, which tends to be higher for customers with higher expected consumption.

To illustrate the distributional effects of the alternative tariff, Figure 14 shows the mean
change by decile in the monthly electricity bill as the result of the switch from the status
quo tariff to the proposed counterfactual tariff. Households with low consumption see an
increase in their bills by slightly more than $1 per month. The households that benefit are
those in deciles 9 and 10. The reduction in the marginal price they pay more than offsets the
relatively high fixed monthly charge that they will be allocated.

Among the non-residential customers (right panel of Figure 14), the first eight consump-
tion deciles will benefit under the tariff proposal. They currently pay high average cost
prices for their consumption. The switch to marginal cost pricing favors them, even if they
have to pay a new fixed charge. The only non-residential customers worse off are the ones
in the highest two deciles. The reduction in their marginal price is offset by the new high
fixed charge allocation.

Finally, Figure 15 shows the Lorenz curves for total cost recovery under the tariff proposal.
The most apparent difference from Figure 11 is that the residential Lorenz curve is always
positive, and the Gini coefficient (0.57) is less than 1. This is because all households pay a
marginal price equal to the marginal cost of electricity supply, implying that the payment of
every household covers its variable costs and makes a contribution (potentially very small)
towards the fixed cost recovery. The second notable feature of the counterfactual Lorenz
curves is that the distribution of fixed cost recovery is more unequal than the distribution
of consumption for residential and non-residential users. In both sectors, larger electricity
consumers (corresponding to those with a higher willingness to pay for electricity) pay a
greater share of the fixed costs. This is not the case for non-residential customers under the
existing tariff: smaller non-residential users make a more-than-proportional contribution to
fixed cost recovery.
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FIGURE 14 Mean Change in Monthly Bills, Comparing Existing 2014 Bills to Bills under
Counterfactual Tariff Proposal. Notes: Each bar shows the mean change in the electricity bill
between the existing electricity tariffs and the counterfactual tariff with the fixed charge varying
based on the EEHWTP. Customers are grouped by their decile of annual electricity consumption
during 2014. Residential customers are shown on the left panel, and non-residential customers
are shown on the right panel. Source: Own calculations based on the data in Section 3 and the
methodology in Sections 5 and 6.
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FIGURE 15 Counterfactual Lorenz Curve for Electricity Consumption and Total Cost Recov-
ery Under Alternative Tariff Proposal. Notes: Each Lorenz Curve shows the cumulative share of
total electricity consumption (thin red line) or the contribution towards fixed cost recovery (thick
blue line), plotted against the cumulative number of customers on the horizontal axis, under the
counterfactual tariff with the fixed charge varying based on the EEHWTP. Residential customers
are shown in the left panel and non-residential customers in the right panel. The labels on each
curve are the associated Gini coefficients. Source: Own calculations based on the data in Section 3
and the methodology in Sections 5 and 6.
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8 | CONCLUSION

This paper proposes a transformation to electricity tariffs in Colombia that addresses fun-
damental inefficiencies in the current system. As in many jurisdictions around the world,
the current tariffs are remarkably unsuitable for providing incentives to encourage the
transition away from fossil fuels. High-income households, households with high electricity
consumption, and all non-residential customers face a marginal price for consumption
that greatly exceeds the marginal cost of electricity supply. These tariffs discourage the
electrification of energy services such as heating, cooking, and transportation.

Our proposed tariff aligns prices with the social marginal cost of electricity and intro-
duces a customer-specific fixed charge based on estimated willingness to pay, offering
a more equitable and efficient pricing structure. The basic principle of an economically
efficient electricity tariff is well-known. All customers should face a time-varying hourly
marginal price equal to the social marginal cost of electricity supply. The fundamental chal-
lenge is how to recover the residual costs. In this paper, we demonstrated a novel approach
for residual cost recovery: a fixed charge that varies across customers in proportion to
each customer’s estimated expected hourly willingness to pay for electricity. An important
feature of our approach is that it relies only on the hourly metered electricity consumption of
each user. It does not require the utility to access potentially sensitive financial information
as a proxy for willingness to pay. Moreover, our tariff eliminates all distinctions based on
customer categories. Within each utility, every customer with the same hourly consumption
pattern will pay the same bill.

Our empirical illustration demonstrated that our alternative tariff would benefit most
non-residential electricity consumers compared to the existing tariff, leaving the largest
non-residential and smallest residential customers worse off. The proposed bill increase for
low-income residential customers—in many cases, not much more than $1 per month—is
small. Nonetheless, implementing our tariff design would require careful consideration
of these potential distributional effects, potentially ameliorating them through targeted
government transfers to low-income households. Moving away from redistribution through
electricity tariffs will be essential for transitioning away from fossil fuels at the lowest
possible cost.
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