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Abstract

Liquefied petroleum gas (LPG) plays a central role in urban energy systems in Ecuador;
however, its widespread use in commercial settings has been accompanied by recurrent
safety deficiencies and regulatory non-compliance. This study presents a systematic assess-
ment of safety conditions and regulatory compliance in commercial LPG installations in the
city of Ambato, Ecuador, within the framework of national technical standards and interna-
tional safety codes. An observational diagnostic approach was applied through in situ in-
spections of 380 commercial establishments, evaluating both technical aspects—such as con-
tainer location, sizing, piping integrity, connection length, and equipment condition—and
administrative requirements, including permits, preventive maintenance plans, and the
use of subsidized LPG. The results reveal pervasive non-compliance across critical safety
parameters, with particularly high deficiencies in container location, excessive connection
lengths, lack of maintenance, absence of permits, and misuse of subsidized fuel. These
findings indicate systemic weaknesses in regulatory enforcement and safety management,
exacerbated by economic incentives associated with fuel subsidies. The study highlights
significant implications for urban safety, public health, and fiscal sustainability and under-
scores the urgent need to strengthen inspection mechanisms, improve technical training,
and implement risk-based regulatory strategies to ensure the safe and sustainable use of
LPG in densely populated commercial environments.

Keywords: liquefied petroleum gas; regulatory compliance; safety standards; commercial
installations; risk assessment

1. Introduction

In September 2015, the United Nations adopted the Sustainable Development
Goals (SDGs), among which Goal 11 aims to “make cities inclusive, safe, resilient, and
sustainable” [1]. Safety is explicitly recognized as a fundamental component of urban
well-being, particularly in spaces with high public concentration, such as restaurants and
popular food courts.

Liquefied petroleum gas (LPG) is widely used as a fuel in residential, commercial,
and industrial applications, including cooking equipment, boilers, ovens, and burners [2].
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Globally, LPG represents a cleaner energy alternative for approximately 2.8 billion people
who still rely on solid fuels such as wood and coal [3]. This fuel offers several technical
advantages, including a high calorific value [4], low pollutant emissions [5], efficient
combustion [6], ease of transport and storage, and operational safety when properly
handled [7]. LPG is non-toxic to humans [8] and can meet multiple energy needs as a single
fuel source [9]. These characteristics have positioned LPG as a primary energy source in
developing and emerging countries, including Ecuador [10].

Over recent decades, fuel subsidy policies in Ecuador have played a central role in both
the public economy and everyday urban and rural life [11]. The Ecuadorian government
has allocated substantial financial resources to subsidizing fuels such as diesel and LPG.
In the case of diesel, the subsidy was estimated at approximately USD 1.1 billion in 2024,
representing a significant fiscal burden. This situation motivated the governmental decision
to eliminate the subsidy and redirect resources toward social and productive programs [12].
The removal of the diesel subsidy resulted in an increase in the price per gallon from
USD 1.80 to USD 2.80. This change generated immediate social and economic impacts,
triggering protests and a broad public debate regarding compensation mechanisms for
the most vulnerable sectors [13]. This experience highlights a key lesson for energy policy
reforms: changes in fuel subsidies must be accompanied by targeting and compensation
measures to avoid adverse distributive effects [14].

In the case of LPG, its primary use in Ecuador has been domestic cooking. Since 1996,
a subsidized residential tariff of USD 0.1066/kg has been in place [15], and by 2014, it was
estimated that approximately 90% of Ecuadorian households relied on LPG as their main
cooking fuel [16,17]. In contrast, LPG prices for the commercial and industrial sectors are
revised monthly by the national government. For the October-November 2025 period, the
tariff was set at USD 0.829096/kg [18].

Given that this tariff is costly for commercial and industrial users [19], unsafe handling
practices have become increasingly common, leading to frequent accidents [20]. Risks asso-
ciated with LPG storage tanks have been widely documented, particularly when regulatory
gaps or negligence allow close proximity to ignition sources. Under such conditions, tanks
may overheat, internal pressure may increase, and vessel failure may occur, potentially
resulting in BLEVE events [21] and fireballs [22]. Additional risks are associated with LPG
pipelines and fittings, where poor material selection, improper operation, and inadequate
maintenance can cause leaks and fires with severe consequences [23].

In Ecuador, unsafe practices have been reported in both LPG containers [20] and
pipeline systems [24]. Explosions and accidents associated with LPG installations have
been documented in residential [25], commercial [26], and industrial settings [27]. These
unsafe practices persist in food-related commercial establishments, despite the existence of
national housing habitability and construction guidelines established in the Ecuadorian
Building Code [28]. For LPG system installations, Technical Standard INEN 2260-2010 [29],
based on the internationally recognized NFPA 58 standard [30], remains in force. The
national government has designated local fire departments as the competent authority
responsible for the inspection and approval of LPG systems.

Ambato is the fifth most populated city in Ecuador, where economic activities
are mainly centered on commerce and tourism. In recent years, the growth of small
businesses—particularly food-related establishments—has been especially significant [31].
This expansion has led to a widespread use of liquefied petroleum gas (LPG) systems,
whose compliance with safety regulations is mandatory under the Ecuadorian regulatory
framework. Despite the existence of clear technical and safety regulations, no systematic
reports are currently available regarding the actual safety conditions and regulatory com-
pliance of LPG systems used in commercial establishments in Ambato. This gap raises a
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critical question from the perspective of regulatory effectiveness and urban risk governance:
Are commercial LPG installations in Ambato strictly compliant with mandatory safety
regulations, or do recurrent non-compliances persist that may pose significant risks to users
and buildings?

Therefore, the objective of this study is to critically assess the level of safety and
regulatory compliance of commercial LPG installations in Ambato, Ecuador. By identify-
ing the most recurrent non-conformities, this research goes beyond merely documenting
compliance gaps and contributes to evaluating the effectiveness of current inspection and
enforcement practices. Moreover, the findings are intended to support corrective actions
implemented jointly with the Competent Authority, aiming to reduce the likelihood of LPG-
related accidents and to strengthen preventive risk management in commercial buildings.

2. Materials and Methods

An observational research approach was employed to collect data from 380 LPG
users in the commercial sector of Ambato city, Ecuador (restaurants and small fast-food
businesses). Ambato is the fifth most populated city in the country, with approximately
329,856 inhabitants [32]. Ambato is characterized by a strong presence of commercial ac-
tivities, manufacturing (notably textile and leather industries), agriculture, and tourism,
making it a representative urban environment for assessing safety and regulatory compli-
ance in commercial LPG systems.

A zonal coverage sampling strategy was adopted [33]. The city was divided into zones
with the highest concentration of commercial establishments using LPG, including Ficoa,
Victor Hugo Street, the university sector, and the downtown area. Within these zones,
the objective was to inspect all accessible commercial LPG installations. Consequently,
the analyzed sample of 380 establishments constitutes a quasi-census of commercial LPG
systems in the most representative commercial areas of the city, ensuring broad coverage
and enhancing the robustness of the diagnostic assessment. Prior to the inspections, the
owners or responsible personnel of each commercial establishment were informed about
the objectives of the study. A confidentiality agreement was presented, clarifying that the
data collected would be treated anonymously and used solely for research purposes. The
results were not intended to support regulatory enforcement actions or service suspension
by authorities, but rather to provide a diagnostic assessment to support scientific analysis
and policy discussion.

During the inspections, no components or parts of the systems were manipulated.
Through a qualitative analysis [34], COMPLIANCE criteria were established in relation to
the guidelines of the current Ecuadorian Technical Standard [29] for the following aspects:

e Location of LPG containers, including safety distances from third parties and sur-
rounding elements that could intensify a fire event.

e  Sizing LPG storage tanks.

e  Problems with location, connections, and lack of maintenance in pipes and fittings
for LPG.

e  Length of connection hose from cylinder.

e  Poor location and lack of maintenance of LPG-consuming equipment.

Regarding general aspects of the systems, including administrative aspects related to
the necessary permits from the competent authority, the following aspects were evaluated:
e  Use of subsidized fuel in commercial applications.

e  Permits are issued by the competent authority.
e Lack of preventive maintenance plans required for system recertification by the com-
petent authority.
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I Inspection permitted
I Inspection not permitted

48.2%

The study followed a quantitative diagnostic approach based on field inspections
and documentary analysis. Each installation was assessed using a standardized check-
list derived from Ecuadorian technical standards [29] and international safety protocols
(NFPA 58) [30]. The potential sources of error include human bias during inspection, incom-
plete technical documentation, and variations in the interpretation of regulatory clauses.
To minimize these, all inspections were conducted by certified professionals.

3. Results
3.1. Access for Inspection

Of the 380 establishments where inspections were requested, only 51.8% (197) granted
us access (Figure 1a), indicating a critical level of non-compliance. These establishments
were found to be using LPG in 15 kg cylinders, which are intended for residential use
(Figure 1b). This limited access rate (51.8%) represents a relevant source of potential
selection bias. A substantial proportion of the establishments that denied entry operate
informally or lack valid operating permits, which suggests that their LPG installations
may present higher levels of non-compliance and safety deficiencies. Consequently, the
inspection results presented in this study should be interpreted as a conservative estimate
of the actual safety and regulatory compliance conditions of commercial LPG systems in
the urban area. It is reasonable to infer that the overall level of risk may be underestimated
and that the uninspected establishments could be in a more critical safety condition than
those included in the analysis.

(@) | (b)

Figure 1. (a) Establishments that granted access for inspection; (b) location of 15 kg cylinders in
commercial settings (food sales).

3.2. Inspection Results
3.2.1. Regulatory Aspects

Figure 2 presents the results of regulatory compliance for commercial LPG systems in
Ambato. The findings indicate generally low levels of compliance across several evaluated
safety conditions in commercial LPG installations. Following the numerical description
of each identified non-compliance, a detailed characterization of the observed conditions
is provided.
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Figure 2. Regulatory compliance with LPG commercial systems in Ambato.

The location of LPG containers shows the highest non-compliance rate, reaching 62%.
This result indicates frequent deviations from regulatory requirements related to placement
conditions, including aspects such as ventilation and minimum safety distances.

Regarding the sizing of LPG containers, a compliance level of 52% is observed, reflect-
ing moderate adherence to regulatory criteria. This suggests that a substantial proportion
of installations do not fully meet the prescribed sizing requirements.

For pipes and fittings, 57% of the evaluated installations comply with the applicable
regulations. This indicates a comparatively higher level of conformity for this condition,
although a significant share of installations remains non-compliant.

The length of the connection between LPG containers and consumption equipment
exhibits a non-compliance rate of 54%, revealing frequent departures from the maximum
lengths established by regulation.

LPG-consuming equipment presents the highest compliance rate among the evaluated
conditions, with 66% of installations meeting regulatory requirements. Nevertheless, 34%
of the assessed equipment does not comply with the applicable standards.

Overall, the results show that non-compliance is present across all evaluated condi-
tions, with varying degrees depending on the specific component of the LPG system.

Regarding regulatory aspects related to LPG system components, the following can
be mentioned:

e Location of LPG containers:

As shown in Figure 3, several LPG containers do not comply with the minimum safety
distances established by the Ecuadorian LPG installation standard [30] and comparable
international codes such as NFPA 58 [30]. In the evaluated installations, LPG cylinders are
frequently located in close proximity to combustible materials and structural elements, and
in some cases, their placement restricts physical accessibility to the containers (Figure 3a).
In addition, obstructions around the LPG containers limit access paths, which may affect
visibility and reachability during inspection or emergency situations (Figure 3b). These
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spatial configurations are inconsistent with the separation and clearance conditions defined

in current regulatory frameworks [35].

o, ;-. : 2 /
Bl s e
(a) (b)

Figure 3. (a) Cylinders are placed too close to combustible materials; (b) restricted accessibility to
LPG cylinders.

The observed proximity between LPG containers and combustible materials has been
reported in the literature as a relevant factor influencing fire development and heat exposure
scenarios in pressurized gas systems [36]. Furthermore, previous consequence analyses
have shown that LPG leakage and explosion scenarios, such as BLEVE and jet fires, may
generate thermal radiation and overpressure effects extending beyond immediate storage
areas [37]. Restricted access conditions have also been identified as a factor affecting
emergency intervention efficiency in fire scenarios [38].

Overall, the results indicate that non-compliance related to container location is re-
current in the analyzed commercial LPG installations, particularly with respect to safety
distances, surrounding materials, and accessibility conditions [39].

e  Sizing of LPG storage tanks:

During high-demand operation, some commercial LPG cylinders exhibit a reduction
in natural vaporization capacity when the mass flow required by consumer appliances
exceeds the rate at which liquid LPG can absorb heat and vaporize [40]. In the evaluated
installations, this condition is evidenced by the presence of condensation and frosting
on the external surface of the cylinders (Figure 4). The observed frosting is associated
with heat-transfer limitations inherent to the vaporization process, which is endothermic
and extracts heat from the cylinder wall and the surrounding environment [41]. Under
such conditions, a cold liquid layer may form inside the vessel, corresponding to non-
vaporized LPG. Previous experimental and modeling studies indicate that vaporization rate
depends on ambient temperature, cylinder geometry, filling level, and LPG composition,
and that excessive withdrawal rates are associated with frosting and reduced vapor delivery
capacity [42]. Similar vaporization-related phenomena have been documented in numerical
and experimental investigations of LPG systems, including the thermal behavior of low-
temperature liquid and vapor releases under constrained vaporization conditions [43,44].
These studies provide a technical context for interpreting the observed frosting patterns in
commercial LPG cylinders operating under high demand.

Overall, the results indicate that signs of limited natural vaporization capacity are
present in a subset of the analyzed commercial LPG installations, particularly under condi-
tions of elevated gas demand [45].
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Figure 4. Observed conditions of the cylinders: (a) cylinder showing condensation; (b) cylinder
undergoing freezing.

e  Location, connections, and lack of maintenance in pipes and fittings for LPG:

The integrity of LPG piping, connections, and associated fittings was evaluated
through field observations in commercial installations. Several non-compliant conditions
were identified, including contaminated connection interfaces, hoses or pipes routed at
floor level, uncapped inactive connection points, and limited accessibility to shut-off valves
(Figure 5).

© ' )

Figure 5. Observed issues in LPG installations: (a) greasy or contaminated connections; (b) hoses/pipes
across floors; (c) uncapped inactive points; (d) obstructed or inaccessible shut-off valves.

https://doi.org/10.3390 /urbanscil0020114
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Greasy or contaminated connections were observed at the interface between LPG
equipment and supply lines (Figure 5a). The presence of grease, oil, or other residues at
connection points has been reported in the literature as a factor associated with sealing
degradation and gas leakage in LPG systems [46]. In several installations, flexible hoses
or rigid pipes were routed directly across floor surfaces and pedestrian areas (Figure 5b).
Such configurations expose the LPG infrastructure to mechanical interaction and have been
identified in previous studies as conditions associated with hose displacement, mechanical
stress, and accidental disconnection events [26]. Uncapped inactive connection points were
also documented (Figure 5c). These open terminals represent potential leakage paths when
residual gas is present in the system, as reported in technical analyses of LPG installations
and maintenance practices [24]. Additionally, shut-off valves were observed to be partially
obstructed or located in areas with limited accessibility (Figure 5d). Restricted access to
isolation devices has been identified in prior studies as a factor influencing the effectiveness
of system shutdown during abnormal operating conditions [47].

Overall, the results indicate that non-compliance related to piping layout, connec-
tion condition, and accessibility of safety components is recurrent across the evaluated
commercial LPG installations [27].

e  Length connection:

The length of the flexible connection between LPG supply lines and consumption
equipment was evaluated in the inspected commercial installations. According to the
Ecuadorian Standard INEN 2260 [29], the maximum allowable length for flexible connec-
tions is 1 m. Field observations indicate that a substantial number of installations exceed
this prescribed maximum length. Extended flexible connections were commonly observed
in areas with pedestrian activity and near work surfaces, increasing their exposure to
mechanical interaction and environmental contact (Figure 6). Previous technical studies
have identified that longer and poorly restrained hoses are more susceptible to mechanical
stress, accidental displacement, and connection degradation over time [25]. Such conditions
have been associated with an increased likelihood of hose damage, loosening at coupling
points, and gas leakage, particularly in commercial environments with frequent human
interaction [27].

(@ S (b)

Figure 6. Observed conditions of flexible LPG connections: (a) hose passing under a door; (b) excessive

hose length.

Overall, the results show that non-compliance related to excessive flexible connection
length is recurrent in the evaluated LPG installations, indicating a systematic deviation
from the requirements defined in the applicable standard [48].

https://doi.org/10.3390 /urbanscil0020114
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e  Poor location and lack of maintenance of LPG-consuming equipment:

The location and maintenance condition of LPG-consuming equipment were evaluated
during field inspections of commercial installations. Recurrent non-compliant conditions
were identified, particularly related to the placement of gas water heaters and the mainte-
nance status of LPG-consuming appliances. Several gas water heaters operating with LPG
were observed to be installed inside enclosed commercial spaces with limited or no ventila-
tion (Figure 7a). These appliances were frequently located within occupied areas, without
evident provisions for adequate air exchange or exhaust of combustion by-products [49].
Similar installation conditions have been reported in the literature as factors associated with
elevated indoor carbon monoxide (CO) concentrations, especially in confined or poorly ven-
tilated environments [50-52]. Field observations also revealed LPG-consuming equipment
exhibiting significant accumulation of grease and combustible residues on burners, heat
exchangers, and adjacent surfaces (Figure 7b). The presence of such deposits has been iden-
tified in previous studies as a common characteristic of inadequately maintained gas-fired
appliances and commercial cooking equipment [53,54]. These conditions are indicative of
limited preventive maintenance practices in the inspected installations. Overall, the results
indicate that non-compliance related to equipment location and maintenance condition is
prevalent in the evaluated commercial LPG systems, particularly with respect to ventilation
conditions for combustion appliances and cleanliness of operating equipment [46].

(@ . ()

Figure 7. (a) Unsafe Location of LPG water heaters; (b) lack of maintenance and accumulation

of grease.

3.2.2. Compliance Related to Subsidized LPG Use, Operating Permits, and Preventive
Maintenance Plans

Figure 8 presents the compliance assessment related to the use of subsidized LPG in
commercial applications, the issuance of operating permits by the competent authority, and
the existence of preventive maintenance plans required for system recertification.

e  Use of subsidized LPG in commercial applications:

The results show that 93% of the inspected commercial installations do not comply
with regulations governing the use of subsidized LPG, while only 7% meet the applica-
ble requirements. According to the national regulatory framework, subsidized LPG is
intended for residential and socially prioritized uses and is not authorized for commercial
applications [55]. Similar patterns of non-compliance in fuel subsidy allocation have been
reported in previous studies addressing LPG distribution and regulation [56].
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e  Permits issued by the competent authority:

With respect to operating permits, 96% of the evaluated establishments were found to
lack valid authorization from the competent authority, whereas only 4% were compliant.
The absence of permits indicates that the corresponding installations have not been formally
registered within the regulatory oversight system, as described in related regulatory and
technical assessments of LPG installations [57].

e Preventive maintenance plans:

The results further indicate that 91% of the inspected installations do not have an
approved preventive maintenance plan, while 9% comply with this requirement (Figure 8).
The lack of documented maintenance plans has been identified in the literature as a common
characteristic of informal or non-recognized LPG installations [58].

Overall, the results demonstrate low compliance levels across the three evaluated
regulatory dimensions, namely fuel authorization, permitting status, and preventive
maintenance planning.

Does not comply

-] Complies

N

)
o 2
N\E'\sa’e ﬂ 3

° o
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Figure 8. Results of the administrative aspects of commercial establishments using LPG in Ambato.

4. Future Work

A limitation of this study relates to potential selection bias arising from access con-
straints during field inspections. Although selection bias is inherent to many field-based
compliance assessments, it is important to recognize that establishments granting access for
inspection may systematically differ from those that denied or restricted entry. In particular,
premises operating under more informal conditions or with more severe regulatory deficien-
cies may be less likely to permit inspections, which could result in an underrepresentation
of the most non-compliant installations in the analyzed sample. Consequently, the observed
compliance levels may reflect a conservative estimate of the actual safety and regulatory
deficiencies present in the broader commercial LPG sector. These dynamic highlights
structural challenges in regulatory enforcement and inspection coverage, where access
limitations not only affect data collection but also constitute an indicator of governance gaps
within urban commercial risk management systems. Recognizing this limitation provides
important context for interpreting the results and underscores the need for strengthened
inspection authority and systematic access mechanisms in future assessments.
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Future research derived from this study will focus on translating the diagnostic find-
ings into concrete improvement actions through institutional collaboration and broader
territorial analysis, with a particular emphasis on urban safety and resilience in line with
Sustainable Development Goal 11 (Make cities inclusive, safe, resilient, and sustainable) [1].
A first line of work will involve the organization of multi-stakeholder working groups
with local authorities, including municipal governments, fire departments, and regulatory
agencies. These working groups will aim to identify feasible financing mechanisms and
incentive schemes to support small commercial establishments—particularly food-related
businesses—in upgrading and regularizing their LPG systems. Such actions directly con-
tribute to SDG Target 11.5, which seeks to reduce the adverse impacts of disasters and
technological hazards on urban populations by strengthening prevention and risk reduction
capacities [59].

Potential mechanisms include soft loans, technical assistance programs, and phased
compliance strategies that reduce economic barriers while improving safety standards.
By enabling safer energy infrastructure in high-occupancy commercial environments,
these measures support the integration of risk-informed decision-making into local urban
management practices [60].

A second line of future work will seek to scale the assessment to a national level
through the development of a comprehensive project to evaluate the safety and regulatory
compliance of commercial LPG installations across Ecuador. This initiative will require
coordination with national authorities responsible for energy policy, standardization, and
risk management, as well as the integration of local inspection bodies. The objective will
be to generate a nationwide baseline of compliance, identify regional patterns of risk, and
support the design of harmonized inspection, certification, and enforcement strategies. This
approach aligns with SDG Target 11.b by promoting integrated policies and plans aimed at
strengthening urban resilience and institutional capacity for managing technological and
industrial risks [61].

Ultimately, this national-level effort is intended to contribute to a coordinated and
systematic improvement of LPG safety in commercial settings, strengthening institutional
capacity and aligning energy policy, urban safety, and sustainable development objectives.
The results of such future work could provide valuable evidence to inform regulatory
reforms and targeted investment programs in Ecuador and other countries facing similar
challenges, reinforcing the role of applied urban diagnostics in advancing resilient and safe
cities [62].

5. Conclusions

This study provides a comprehensive diagnosis of safety and regulatory compli-
ance in commercial LPG installations in Ambato, Ecuador, based on field inspections of
380 establishments. The results demonstrate that regulatory non-compliance is widespread
and systemic, affecting both technical and administrative dimensions of LPG systems.

From a technical perspective, critical deficiencies were identified in the location of LPG
containers, excessive flexible connection lengths, improper routing and maintenance of
pipes and fittings, and unsafe placement and inadequate maintenance of LPG-consuming
equipment. These deficiencies substantially increase the risk of gas leaks, fires, explosions,
and carbon monoxide exposure, posing serious threats to occupants, workers, and the
surrounding urban environment.

From an administrative standpoint, the widespread absence of operating permits,
preventive maintenance plans, and compliance with fuel-use regulations reveals significant
weaknesses in regulatory enforcement. In particular, the misuse of subsidized LPG in
commercial applications emerges as a key economic driver of unsafe practices. Artificially
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low fuel prices reduce incentives for compliance, encourage informal installations, and limit
investments in safer infrastructure, generating a direct economic loss for the Ecuadorian
State and undermining the social objectives of subsidy policies.

Taken together, these findings reveal a systemic failure in which economic incentives,
regulatory gaps, and technical risks reinforce each other. Weak enforcement and limited
inspection capacity allow unsafe installations to persist, while subsidy misuse fuels infor-
mality and discourages compliance. This combination amplifies technological hazards
in high-occupancy commercial settings, transforming localized technical deficiencies into
broader urban safety risks. In this sense, unsafe commercial LPG systems should be un-
derstood not merely as isolated technical problems, but as a structural challenge for urban
safety, resilient infrastructure, and sustainable development in rapidly growing cities.

The findings indicate that current inspection and certification practices are insufficient
to guarantee the safe operation of commercial LPG systems. To address these shortcomings,
regulatory authorities should implement risk-based inspection schemes that prioritize
establishments with high occupancy levels and intensive LPG use. In parallel, mandatory
certification and periodic recertification of LPG installers, aligned with INEN 2260 and
NFPA 58 requirements, should be enforced.

Additionally, standardized technical training programs focusing on container lo-
cation, piping design, equipment ventilation, and emergency response should be re-
quired for installers and maintenance personnel. The establishment of fuel traceabil-
ity mechanisms—such as differentiated cylinder identification systems and digital sales
records—would support the detection and control of subsidized LPG diversion to com-
mercial uses. Finally, graduated enforcement mechanisms, combining corrective deadlines,
economic penalties, and temporary suspension in cases of repeated non-compliance, are
recommended to improve compliance while avoiding the exclusion of small businesses
from formal regulatory frameworks.
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