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Analysis of Tariff Dynamics in the Face of Distributed
Generation in Colombia: Risks and Regulatory
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Analisis de la Dinamica Tarifaria ante la Generacion Distribuida en Co-
lombia: Riesgos y Recomendaciones Regulatorias
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ABSTRACT

The energy transition has changed the ways in which electricity is generated and consumed, creating tensions in
traditional tariff schemes and risks such as the so-called death spiral. This article conducts a qudlitative systemic
analysis to examine whether the Colombian tariff framework could promote dynamics associated with this phe-
nomenon. The methodology combines a regulatory and bibliographic review with the development of a causal
diagramrepresenting the interactions between tariff components, the adoption of distributed generation, demand
trends, and institutional mechanisms. The study identifies that aspects such as rigidity in the allocation of fixed costs
and cross-subsidy schemes may encourage the disconnection of users with greater payment capacity, reducing
revenue and compromising the financial sustainability of operators. Based on the identification of variables and
their interdependencies, regulatory and technical recommendations are formulated to mitigate risks. Although the
death spiral has not materialized in Colombia, there are early signs that require timely interventions to ensure tariff
equity, system viability, and a just energy fransition.
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RESUMEN

La transicién energética ha modificado las formas de generacién y consumo eléctrico, generando tensiones en
los esquemas tarifarios tradicionales y riesgos como la denominada espiral de la muerte. Este articulo realiza un
andlisis sistémico cualitativo para examinar si el marco tarifario colombiano podria propiciar dindmicas asociadas
a este fendmeno. La metodologia combina una revisién regulatoria y bibliogrdfica con la elaboracién de un dio-
grama causal que representa las interacciones entre los componentes tarifarios, la adopcion de generacién dis-
tfribuida, las tfendencias de demanda y los mecanismos institucionales. El estudio identifica que aspectos como la
rigidez en la asignacién de costos fijos y los esquemas de subsidios cruzados pueden incentivar la desconexidén de
usuarios con mayor capacidad de pago, reduciendo el recaudo y comprometiendo la sostenibilidad financiera
de los operadores. A partir de la identificacion de variables y sus interdependencias, se formulan recomendacio-
nes regulatorias y técnicos para mitigar riesgos. Aunque la espiral de la muerte no se ha materializado en Colom-
bia, se evidencian senales tempranas que exigen intervenciones oportunas para garantizar la equidad tarifaria, la
viabilidad del sistema y una transicién energética justa.
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Introduction

In recent years, there has been a growing interest in energy tran-
sition at the international level[ 1], thus promoting the integration
of non-conventional renewable energy generation sources, such
as solar photovoltaic and wind energy, into the electricity distri-
bution networks, boosting the participation of demand [2]. These
forms of generation have been widely accepted thanks to regula-
tory incentives, which have the main objective of decreasing the
carbon footprint [3].

However, the growth of distributed generation (DG) is a challenge
for the traditional business model of electric power distribution
and commercialization companies [4] the incorporation of small-
scale generation units close to consumption centers modifies the
conventional dynamics of energy flow, which historically has been
unidirectional from large generation plants to end users. This re-
quires adjustments in the infrastructure of electrical grids, new
system management strategies and adjustments in tariff schemes

[l

According to reports from XM (operator of the Interconnected
System and the administrator of the Wholesale Energy Market in
Colombia), as of April 28, 2025, the energy matrix in Colombia
has the following participation percentages: Hydroelectric gener-
ation - 63.39%, thermal generation - 30.15% and solar photovoltaic
generation - 6.46% [6] Although hydroelectric power has histori-
cally been the main source of generation in Colombia, its high de-
pendence represents a risk to the stability of the electrical system,
especially in periods of drought associated with the El Nifio phe-
nomenon [7]. In these cases, the reduction in water availability
impacts the hydroelectric generation capacity, which increases the
need to resort to thermal sources, generally more expensive and
with greater environmental impact [8].

Faced with this challenge, Colombia's energy sector has begun to
undergo a transformation due to the adoption of non-conven-
tional renewable energy sources, especially photovoltaic solar en-
ergy [9]. This change responds to the need to decarbonize elec-
tricity generation, reduce greenhouse gas emissions and diversify
the country's energy matrix [4].

In the case of Colombia, the integration of solar PV presents both
challenges and opportunities. One of the main challenges is the
phenomenon known as the death spiral of the electricity sector
[3] that originates when an increasing proportion of energy de-
mand is supplied by distributed generation systems. Although the
total number of users does not change, the share of these users in
the demand decreases, which affects the revenue recovery of mar-
keters and distributors. As a result, the fixed costs of the system,
which must be maintained to guarantee the operation and reliabil-
ity of the service, are distributed on a lower consumption basis.
This results in higher tariffs for users who continue to rely exclu-
sively on conventional electricity supply [10]. As tariffs increase,
more consumers seek self-generation alternatives, reducing the
demand of users who depend on conventional electricity supply,
which jeopardizes the sustainability of the traditional tariff model

[

This effect is decisive because, although the cost recovery struc-
ture of the National Interconnected System (SIN) is maintained
through usage charges, the reduction in demand indirectly affects
other components of the tariff formula. In particular, the partici-
pation percentages and the volumes of energy on which the regu-
lated costs are distributed, which affects both the revenues ex-
pected by the agents and the tariffs paid by the users. These
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alterations compromise the financial stability of the system, making
it difficult to efficiently cover the costs associated with the opera-
tion, maintenance and reliability of the electrical infrastructure.
[12]. Given this reality, there is a need to develop regulatory strat-
egies and business models that allow a sustainable and sustainable
energy transition [5], ensuring a balance in the structure of the
electricity market and promoting an equitable distribution of costs
between consumers with and without distributed generation sys-
tems.

The purpose of this article is to identify, through a system dynam-
ics model, the variables involved in the current tariff system and
the adoption of individual solutions in public utilities in Colombia,
as well as the relationships between these variables. Based on this
analysis, the aim is to verify whether, if the current tariff scheme
continues, the consequences or effects of what is called the death
spiral could begin to be experienced, and if so, to propose regula-
tory recommendations for a fair energy transition for all actors in
the system.

Methodology

This article is based on a review of the state of the art, with the
objective of supporting the development of a system dynamics
model to identify the causes and possible consequences of the
death spiral in the Colombian electricity sector. Based on such
identification, the aim is to formulate regulatory recommendations
that promote a fair energy transition for all the actors of the sys-
tem and that prevent such phenomenon.

For this purpose, a systematic search of academic, technical and
regulatory literature was carried out, prioritizing articles indexed
in databases such as Web of Science, Scielo, Scopus and IEEE
Xplore. National institutional databases such as those of the CREG
and UPME were also consulted, with the purpose of including rel-
evant normative documents, particularly resolutions, that address
regulatory aspects on the integration of self-generation in Colom-
bia.

Inclusion criteria were established covering research published be-
tween 2015 and 2024, focused on distributed generation, tariff dy-
namics, energy regulation and energy markets. The studies were
classified according to their approach: conceptual, regulatory or
modeling.

The analysis was organized around three main thematic axes: (i)
market conditions that favor the appearance of the death spiral,
(i) regulatory proposals to mitigate its effects, and (iii) methodo-
logical models used to evaluate the phenomenon. In particular, the
work of [13], whose system dynamics model applied to the Co-
lombian case provides a key reference to understand the interac-
tions between distributed generation, electricity tariffs and finan-
cial sustainability of the system.

Figure | shows an infographic that represents the methodology
used for this article.

State of the art

1. International dynamics associated with the en-
ergy transition and its impact on the tariff model

The energy transition, driven by the integration of renewable
sources and distributed generation technologies, has transformed
traditional electricity systems. These changes have altered con-
sumption and grid usage patterns, generating new tensions on ex-
isting tariff schemes. In particular, the reduction of consumption
from the grid by users with self-generation implies an unequal dis-
tribution of the system's fixed costs, which may result in dispro-
portionate economic burdens for those who do not generate their



own energy. This situation has led to the need to rethink tariff
models to ensure their equity and sustainability.

International experiences on the death spiral in the electricity sec-
tor have been studied in diverse contexts such as Denmark [14],
Israel [14], Los Angeles [11], Sydney [I1], Boulder [I1], United
States [15], Europe [16], Australia [17]. These cases offer valuable
insights to understand the challenges and dynamics faced by power
grids in the face of progressive disconnection of users and increas-
ing adoption of distributed generation. The following are some rel-
evant research studies that address the factors influencing this
phenomenon from different approaches and propose models to
analyze and mitigate its impacts.

Methodology

State of the art review of the “death spiral”
in the electricity sector

|
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Figure |. Infographic of the methodology.
Source: Own image

The death spiral is triggered when users with greater economic
capacity adopt distributed generation and reduce their consump-
tion from the grid. This reduces their contribution to the system,
forcing fixed costs to be spread among fewer users and raising
tariffs for those who remain connected. Higher tariffs encourage
new disconnections, which deepens the drop in demand and rev-
enues. As a result, the financial health of the operators is weak-
ened, investment in maintenance is reduced and the quality of ser-
vice deteriorates, reinforcing the cycle of progressive exit from
the conventional electricity system. [10]

In [14], a model based on game theory is proposed to analyze the
dynamics of grid defection. It considers conflicts between the in-
terests of different user groups. It shows that the disconnection
of small energy groups can cause a domino effect leading to the
exit of larger communities, affecting the sustainability of the sys-
tem. Suggests that incorporating these dynamics in grid design im-
proves social welfare and predictability of user behavior.
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The article [10] reevaluates the death spiral from the tariff design,
using a stylized model, explores how different tariff schemes affect
the financial viability of public utilities. It highlights that inadequate
tariffs can induce cross-subsidies and promote disconnection,
mainly affecting consumers without their own generation. It rec-
ommends a tariff redesign that reflects the principle of cost cau-
sality, ensuring equity, cost recovery and system sustainability.

The article [11], using a system dynamics model, simulates, up to
the year 2050, how different tariff schemes (net metering, whole-
sale compensation and demand charges) affect the adoption of so-
lar energy and storage, as well as the price of electricity. Conclud-
ing that a death spiral only occurs under a “perfect storm” of high
fixed costs, rapid solar PV adoption and favorable consumer finan-
cial conditions, the study adds that net metering reduces the risk
of widespread disconnection.

Similarly, the work of Borenstein and Bushnell [15] provides a ret-
rospective analysis of the US electricity market after two decades
of structural reforms. Although the study does not directly ad-
dress the concept of the death spiral, it does identify that the lib-
eralization of the sector, accompanied by a functional separation
between generation, transmission and distribution, generated ben-
efits in terms of operational efficiency, but also exposed regulatory
weaknesses. In particular, it became evident that the introduction
of wholesale electricity markets without a robust tariff design can
generate price volatility, discourage investment in infrastructure
and reduce system reliability. These factors, combined with the
growing penetration of distributed generation, create structural
conditions that can feed dynamics similar to the death spiral, as
they do not guarantee the financial sustainability of the networks
or an equitable distribution of costs among users. The study high-
lights the need to maintain active and adaptive regulations to bal-
ance market efficiency with system stability.

The article [16] focuses on the economic impacts of tariff design
in the presence of distributed generation. Through a quantitative
analysis applied to the European electricity system, the authors
demonstrate that traditional tariff schemes, based on variable
charges proportional to consumption, can generate undesirable
cross-subsidies between conventional consumers and prosumers.
As self-generation users reduce their net consumption from the
grid, their contribution to the financing of the electricity infrastruc-
ture also decreases, without any real reduction in the physical use
of the grid. This situation causes an additional economic burden
on users who do not have their own generation, which may in-
crease the perception of tariff inequity and accelerate the phenom-
enon of progressive disconnection. The article concludes that an
efficient tariff structure must be aligned with the principles of cost
causality and adequately reflect the real use of the grid, in order
to guarantee equity, sustainability and correct economic signals in
the energy transition process.

The article [I7] addresses the issue from the experience of
Queens-land, Australia, where the massive adoption of residential
solar panels - | in 4 homes - generated high instability in distribu-
tion tariffs under a traditional regulatory scheme. Using interval
metering data, the author found that peak consumption by house-
holds with PV was almost equal to that of those without, leading
to significant wealth transfers from conventional consumers to
prosumers. The study proposes a demand tariff model (based on
peak kW) as a more efficient and equitable alternative to the two-
part tariff system (fixed + variable charge), by improving tariff sta-
bility and adequately reflecting actual network usage. These con-
clusions reinforce the idea that a tariff design based on peak de-
mands can reduce the negative externalities associated with the



incorporation of distributed generation, avoiding a spiral of tariff
increases that discourages access to the grid.

Overall, the international experiences reviewed demonstrate that
the death spiral is a potential phenomenon in different electricity
markets when the energy transition is not accompanied by a timely
adaptation of tariff schemes. Although each context presents reg-
ulatory, technological and socioeconomic particularities, a com-
mon pattern is observed: distributed generation, if not integrated
with a fair and technically sound tariff framework, can trigger
cross-subsidies, revenue losses for operators and a growing per-
ception of inequity among users. This not only compromises the
economic sustainability of the system, but also its technical viability
and social acceptance. Therefore, these experiences highlight the
need for flexible regulations to ensure an equitable distribution of
costs.

2. Diagnosis of the Colombian tariff regime

On the other hand, the Colombian context has also been studied.
The article [13] focuses on the Colombian case using a system
dynamics model to analyze the effects of the adoption of distrib-
uted generation (especially solar PV) on electricity tariffs. It high-
lights how current tariff models can induce cross-subsidies be-
tween consumers and prosumers, causing a potential death spiral.
He argues that a tariff structure based on cost causality principles
is fundamental to prevent such a phenomenon.

In order to adequately dimension the risks identified in this study,
it is necessary to contextualize how the Colombian electricity sys-
tem works, and which are the elements that determine its tariff
structure.

In this sense, it is important to highlight that the tariff dynamics in
Colombia is governed by a legal framework that seeks to guaran-
tee fair tariffs; thus, Law 142 of 1994 establishes the general regime
for residential public utilities [18], including electric energy, and
CREG Resolution 031 of 1997 establishes the tariff formulas for
electricity marketers [19], Resolution CREG 015 of 2018 estab-
lishes the methodology for the remuneration of the electricity dis-
tribution activity in the national interconnected system [20], Res-
olution |17 of 2009, which establishes the maximum charges for
voltage levels |, 2 and 3 [21].

Law 142 of 1994 seeks to ensure that tariffs are close to compet-
itive prices and establishes mechanisms to grant subsidies to low-
income users by means of socioeconomic stratification (strata |
to 6), which is the basis for determining tariffs and subsidies [I8].

In compliance with the principles established in Law 142 of 1994,
the Energy and Gas Regulatory Commission (CREG) developed
specific regulations that operationalize the general guidelines on
tariffs. Among these, Resolution CREG 031 of 1997 is the main
technical instrument for applying these principles.

Resolution CREG 031 of 1997 establishes the general formulas
that marketers must use to determine the costs of providing elec-
tricity service to users, defines a maximum cost for the provision
of service calculated by means of formulas that consider [19].

e  Energy purchase costs in the wholesale market.

e  Average costs per use of the National Transmission Sys-
tem (STN).

e  Distribution costs according to voltage levels.
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e  Additional costs related to the wholesale market (dis-
patch services, regulatory contributions, etc.).

e  Commercialization costs (customer service, billing, etc.)
including efficiency incentives.

e  Fraction recognized to cover technical and non-tech-
nical energy losses.

The resolution also states that the marketer may apply tariffs
lower than this maximum cost if it has justified economic reasons
but must comply with neutrality principles and other rules of the
tariff regime [19].

System dynamics model and causal relationships

Based on the review of the state of the art and the analysis of the
current regulation in Colombia, particularly Resolution CREG 031
of 1997, the main variables associated with the tariff structure of
the public electricity service were identified. These variables are
fundamental for the formulation of the system dynamics model
that aims to identify whether it is possible that with the current
framework of the tariff structure there is a death spiral in Colom-
bia.

The model identifies causal relationships and feedback loops that,
under certain conditions, could generate dynamics similar to those
described in the literature as a death spiral.

e Energy demand of grid-connected users
Represents electricity consumption by users who are still con-
nected to the traditional electricity system.

e Transmission, marketing and distribution charge
Corresponds to the regulated costs that users must assume
for the operation and maintenance of electricity networks. In
the Colombian case, these charges are regulated by resolu-
tions CREG 097 of 2008 and CREG 0I5 of 2018 [22][20]
These charges are calculated proportionally to the energy con-
sumption of each connected user. Therefore, when users
adopt individual generation solutions and reduce their monthly
net energy consumption, their contribution to grid support
also decreases. This situation implies that the fixed costs asso-
ciated with transmission, commercialization and distribution
levels must be redistributed among the rest of the users, which
means that those who do not have self-generation systems
face a higher charge for these concepts.

¢ Financial health of network operators
This variable refers to the economic stability of the companies
responsible for operating and maintaining the electricity grid.
Their sustainability depends directly on the balance between
the revenues they receive through the charges established in
the tariff formula and the costs associated with the operation
and maintenance of their portion of the electricity system [23]

¢ Investment in network maintenance

Adequate financial health on the part of distribution operators,
transmission operators and marketers allow for greater in-
vestments in the maintenance and improvement of the tech-
nical and technological infrastructure of electricity grids. Con-
sequently, a decrease in the economic stability of these com-
panies translates into a proportional reduction of such invest-
ments, which, in the medium and long term, may compromise
the reliability and continuity of energy supply [24].

Resolution 101 050 of 2024 establishes that network opera-
tors that have complied with quality standards in the provision
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of electric energy services may execute their investment plans
over longer terms, in order to reduce tariff increases for users
[25].

Investment in network maintenance

Adequate financial health on the part of distribution operators,
transmission operators and marketers allow for greater in-
vestments in the maintenance and improvement of the tech-
nical and technological infrastructure of electricity grids. Con-
sequently, a decrease in the economic stability of these com-
panies translates into a proportional reduction of such invest-
ments, which, in the medium and long term, may compromise
the reliability and continuity of energy supply [24].

Resolution 101 050 of 2024 establishes that network opera-
tors that have complied with quality standards in the provision
of electric energy services may execute their investment plans
over longer terms, in order to reduce tariff increases for users
[25].

Reliability and continuity of supply

This variable refers to the capacity of the power system to
provide energy in a stable manner and without significant in-
terruptions to end users. Reliability measures the probability
that the power supply will be available when required [26],
while continuity evaluates the duration and frequency of ser-
vice interruptions [27]. A system with high reliability and con-
tinuity guarantees user satisfaction, avoids economic losses as-
sociated with failures, and supports sustainable development
[28]. However, this variable is closely related to maintenance
investment and the financial health of network operators,
since a reduction in the resources allocated to the infrastruc-
ture can increase the occurrence of failures and outages.

Technical and economic attractiveness of self-genera-
tion

Despite the fact that Resolution CREG 015 of 2018 establishes
a remuneration scheme aimed at improving the quality of ser-
vice through incentives associated with the continuity and re-
liability of electricity supply [20], in practice there are limita-
tions in the provision of service in certain areas of the country.
When reliability and continuity of supply are compromised,
and at the same time fixed costs increase - due to the reduc-
tion in demand from connected users and the need to distrib-
ute the regulated costs among them - individual self-generation
solutions, such as the installation of solar PV systems, become
economically more attractive [29]. This trend is particularly
significant for those users whose productive activity depends
intensely on electricity consumption, since self-generation of-
fers them a viable technical alternative to mitigate the impacts
of disruptions and reduce their energy costs.

Adoption of individual or self-generation solutions
This variable reflects the users' decision to produce their own
electricity, which allows them to partially reduce or even com-
pletely eliminate their energy consumption from the conven-
tional power grid.

Energy demand of commercial, industrial and residen-
tial users in strata 5 and 6

These users, who usually have greater economic capacity, are
usually the first to adopt self-generation systems. In addition,
they are the ones who pay the contributions to subsidize the
energy consumption of strata |, 2 and 3 [18]. This double eco-
nomic burden makes self-generation even more attractive for
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them, leading to greater disconnection from the grid and an
additional reduction in the demand of the electricity system.

e Collection of contributions

In Colombia, users belonging to the high socioeconomic strata
(5 and 6), as well as the industrial and commercial sectors, are
subject to an additional contribution equal to 20% of their
monthly electricity consumption[18]. This charge is intended
to subsidize low-income users (strata |, 2 and 3). When these
higher stratum users disconnect or reduce their net monthly
energy consumption from the grid, the collection of contribu-
tions decreases, which may affect the sustainability of the es-
tablished subsidies.

e Perception of tariff inequity

This variable arises when users with greater capacity to pay
perceive that they are assuming a disproportionate financial
burden, due to the absence of subsidies and the additional pay-
ment for contributions. This feeling of inequity may encourage
interest in disconnecting from the traditional electricity system
or, at least, in reducing their consumption from the grid by
adopting individual generation solutions.

Once the main variables that make up the Colombian tariff system
have been identified and understood, it is possible to analyze how
they interact with each other. These interactions, represented in
the causal diagram in Figure 2, form cycles that weaken the elec-
tricity system, and in many cases tend to increase the dynamics
that feed the phenomenon known as the death spiral. The main
cycles identified are described in detail below, in order to under-
stand how these relationships contribute to the progressive loss
of demand connected to the grid and the deterioration of the cur-
rent tariff model.

Cycle | shows how the financial stability of grid operators directly
influences the quality of service and, consequently, the attractive-
ness of self-generation.

As transmission, marketing and distribution charges increase, the
financial health of grid operators improves, as they have higher
revenues. This greater stability allows for greater investment in
the maintenance of electricity grids, which translates into greater
reliability and continuity of electricity supply. [30].

When the service is reliable, the economic attractiveness of self-
generation decreases, as users perceive less benefit in disconnect-
ing from the system [31]. However, if for any reason the attrac-
tiveness of self-generation increases, either due to cost reductions
in the technology, incentives or loss of confidence in the system,
this leads to a greater adoption of individual solutions, which in
turn generates a decrease in the demand for energy connected to
the power system.

This cycle shows how weak financial health can accelerate the
death spiral phenomenon.

Cycles 2 and 3 are related to the perception of tariff inequity,
showing how the Colombian electricity system enters a dynamic
that affects both users with greater purchasing power and, even-
tually, the lower strata. As regulated charges for transmission, dis-
tribution and commerecialization increase, so does the perception
of inequity among commercial, industrial and residential users of
strata 5 and 6, who assume both these costs and the payment of
contributions to subsidize strata |, 2 and 3 [18]. This economic
burden, added to the growing access to self-generation technolo-
gies, makes these solutions an increasingly attractive, fair and af-
fordable alternative for these users.



As a consequence, the adoption of self-generation systems in-
creases, which reduces the demand for energy in the system by
these users. This decrease in the contributor base ends up also
impacting on the lower strata, who face a potentially more costly
and less sustainable service. However, with the support of govern-
ment incentives [32], these users also begin to consider self-gen-

eration as a viable option, which further increases the progressive
disconnection.
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Discussion

The results obtained through the system dynamics model allow
visualizing multiple causal relationships that can lead, under certain
conditions, to a death spiral in the Colombian electricity sector.
These relationships show how the adoption of distributed gener-
ation, without an adequate tariff redesign, can trigger a series of
structural consequences that compromise the sustainability of the
electricity system.

In this sense, five key relationships were identified that summarize
the main risks derived from the current tariff scheme and propose

regulatory or technical alternatives aimed at mitigating such ef-
fects.

However, the proposed recommendations should not be under-
stood as isolated solutions, but as part of a structural reform that
requires institutional coherence, technical capacity and political
will. Measures such as tariff redesign - with fixed components or
capacity-based tariffs - may face social resistance and therefore re-
quire pedagogical and participatory processes to ensure their
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acceptance. Likewise, reforming the contribution scheme implies
reviewing the principle of distributive equity and moving towards
more progressive models.

The perception of tariff inequity is not only a technical problem,
but also a social and political one, since it can undermine institu-
tional trust and affect user compliance. Therefore, participation
and transparency mechanisms are essential for the legitimacy of
the tariff system.

Finally, the expansion of self-generation without clear regulation
poses relevant operational challenges. It is not enough to allow its
connection; it is necessary to define its role, responsibilities and
contributions to the system.

These reflections are summarized in Table I, which links the rela-
tionships identified with their risks and recommendations, provid-
ing an analytical basis for guiding regulatory decisions within the
framework of the country's energy transition.



Table 1. Relationship between critical variables, risks and recommendations in the Colombian context

Relationship
identified

Associated risk in the
Colombian context

Regulatory/technical recommendations

Reduction in

demand con-
nected to the
grid

Progressive loss of in-
come for network opera-
tors, threatening the fi-
nancial sustainability of
the system.

-Redesign tariffs to include a fixed component for network availability.
-Implement tariffs by capacity or contracted power.

-Evaluate dynamic tariffs that reflect the user's real participation in the network.

subsidies and losses.

Decrease in Definancing of the subsidy | -Review the design of the contribution scheme to avoid its exclusive dependence
contribution scheme for strata |, 2 and | on the consumption of commercial, industrial and high-income residential users.
collection 3, affecting equity in ac- . . . . o .

8 equiity -Analyze international experiences with reformed cross-subsidies through tiered

cess to service. . .
tariffs or consumption bands.

Increase in Incentive to disconnect -Consider mechanisms for the informed participation of users in tariff decisions,
the percep- users with greater eco- in order to legitimize cost allocation criteria and reduce the perception of arbi-
tion of tariff nomic capacity, and re- trariness.
inequity fusal to continue financing

-Explore hybrid tariff schemes, where both access to the grid and the volume of
energy consumed are recognized, reducing distortions in the distribution of costs.

-Incorporate in the tariff design a greater differentiation between fixed and vari-
able components, so that users perceive a fairer relationship between their eco-
nomic contribution and their actual use of the system.

Lower invest-
ments in
maintenance

Gradual degradation of
the electrical infrastruc-
ture, reduced reliability
and continuity of service

-Establish minimum regulatory obligations for investment in maintenance.
-Design incentive or penalty mechanisms linked to service quality.

-Include in the tariff an anticipated investment component for network modern-
ization.

Increased Fragmentation of the -Establish requirements and guidelines for users with self-generation that remain
adoption of electrical system, loss of connected to the grid to provide support services to the system, such as voltage
self-genera- control over quality and regulation or contributions to operational stability.
tion without operating safet
clear regula- P g 4 -Design controlled integration mechanisms for distributed generation in coordi-
. nation with operators.
tion
-Require minimum technical regulation for self-generation facilities.
Source: Own image

Conclusions

This article presents a systemic analysis of the tariff scheme. The
systemic analysis shows that the current Colombian tariff scheme,
based on charges proportional to consumption, has vulnerabilities
in relation to the energy transition. Among these are: the possible
disconnection of users with greater payment capacity, the reduc-
tion in the collection of contributions necessary to finance subsi-
dies for low-income groups, and the increase in the perception of
inequality. These dynamics jeopardize the financial sustainability of
the system and equity in access to the service.

The combination of a systems dynamics approach, using a causal
diagram, with regulatory analysis made it possible to identify struc-
tural tensions that could trigger a death spiral in Colombia. This
qualitative approach highlights the need to understand the inter-
dependencies between tariff, regulatory, and social variables, of-
fering a comprehensive view of the problem.

The decline in tax revenue, resulting from reduced consumption
among high-income groups, directly affects the financing of
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subsidies for low-income groups (strata I, 2, and 3). Added to this
is a growing perception of inequality among users who subsidize
the system, which increases the risk of disconnection. A compre-
hensive reform of the subsidy system and greater citizen partici-
pation in tariff decisions are required.

The lack of clear technical and regulatory guidelines for integrating
self-generation into the grid threatens service quality and the op-
erational security of the system. It is essential to design controlled
integration mechanisms that not only allow prosumers to partici-
pate, but also assign them responsibilities in terms of reliability,
grid support, and system stability.
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