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ABSTRACT  

This review article presents a comprehensive analysis of the current state of energy efficiency in Colombia, with a comparative approach 

using Spain as a benchmark. The study examines the main regulations, public policies, and institutional frameworks that guide energy 

efficiency in both countries. It explores recent progress, implementation challenges, and the role of responsible institutions. Through a 

technical and normative benchmarking methodology, the article identifies good practices and improvement opportunities that could 

be adapted to the Colombian context. The goal is to provide a clear and updated perspective on how Colombia is addressing the 

challenge of enhancing its energy performance in line with global sustainability goals. 
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RESUMEN 

Este artículo de revisión presenta un análisis integral sobre el estado actual de la eficiencia energética en Colombia, empleando un 

enfoque comparativo con España como país de referencia. Se examinan las principales regulaciones, políticas públicas y marcos insti-

tucionales que orientan la eficiencia energética en ambos países. El estudio incluye una revisión de los avances recientes, los desafíos 

de implementación y el rol de las instituciones responsables. A través de una metodología de benchmarking técnico y normativo, se 

identifican buenas prácticas y oportunidades de mejora que podrían adaptarse al contexto colombiano. El propósito es ofrecer una 

visión clara y actualizada sobre cómo Colombia enfrenta el reto de mejorar su desempeño energético, en concordancia con los com-

promisos globales de sostenibilidad. 
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Introduction 

Energy efficiency has become a fundamental pillar of international strate-

gies for sustainable development, climate change mitigation, and energy 
security (IEA, 2022; World Economic Forum, 2024). Its central purpose is 
to optimize energy use across sectors such as industry, commerce, trans-

portation, and residential areas, reducing consumption without compro-
mising quality of life, productivity, or competitiveness (International Energy 
Agency, 2023). In this sense, energy efficiency is not only a technical solu-

tion but also a strategic tool for reducing greenhouse gas emissions, 
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lowering operational costs, and improving the environmental performance 

of countries (IEA, 2023; CAF, 2016). 

At the international level, one of the main normative references is ISO 
50001:2018 [1], a standard developed by the International Organization 
for Standardization (ISO), which sets out the requirements for implement-

ing, maintaining, and improving an energy management system (EnMS). Its 
systematic approach enables organizations to establish energy policies, 
measurable objectives, and action plans that lead to sustainable improve-

ments in energy performance. This standard has been adopted by multiple 
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countries as the basis for their corporate and institutional energy policies, 

including Colombia. 

In the Colombian context, energy efficiency has gained relevance in both 
public and private agendas, as seen in policies like the Indicative Action 

Plan for Energy Efficiency (PROURE) and laws such as Law 1715 of 2014 
[2], which promotes non-conventional energy sources, and Law 2407 of 
2024 [3], focused on rational energy use in the public sector. However, 

this law has notable limitations: it lacks incentives for SMEs, does not set 
implementation timelines or penalties, and omits international standards 
like ISO 50001 [1]. It also overlooks the residential sector and lacks strong 

mechanisms for training, citizen participation, and oversight. 

Additionally, Colombia has made progress in adopting key technical stand-
ards such as NTC ISO 50001 [1] (energy management systems), NTC ISO 

50002 [4] (energy audits), and NTC ISO 50006 [5] (energy performance 
indicators and baselines), which provide tools applicable to all types of or-
ganizations and are essential for evaluating and improving energy perfor-
mance. 

These normative instruments, together with governmental programs and 
regulatory frameworks, constitute the institutional environment that gov-
erns and promotes energy efficiency in the country. 

Methodology 

The comparison between Colombia and Spain in terms of energy manage-

ment was conducted through a documentary benchmarking approach, com-

plemented by a maturity model inspired by the ISO 50001 standard [1] and 

the Plan-Do-Check-Act (PDCA) cycle. This model applies a five-level 

scale (from incipient to leading) and disaggregates key criteria such as reg-

ulations, audits, incentives, energy culture, building certification, ISO 

50001 implementation, and monitoring and control into operational sub-

criteria measured through observable indicators. These include legal obli-

gations, the existence of national registries, annual financing volume, and 

educational coverage. The score for each criterion corresponds to the 

weighted average of its sub-criteria, while the overall maturity index is cal-

culated as the weighted average of the criteria, with adjustable weightings 

[48][49]. 

The model enables the transformation of qualitative judgments into repro-

ducible and traceable measurements, establishing quantifiable gaps be-

tween countries, tracking progress over time, and prioritizing interventions 

with both technical and social impact. Spain was selected as a benchmark 

due to its membership in the European Union, where energy efficiency is a 

strategic pillar, and because of the robustness of its regulatory and institu-

tional framework, represented by the National Integrated Energy and Cli-

mate Plan (PNIEC), the IDAE, and a stringent regulation for buildings and 

thermal systems. 

For Colombia, the sources reviewed included the UPME, the Ministry of 

Mines and Energy, and recent legislation such as Law 1715 of 2014 and 

Law 2407 of 2024. The comparison, focused on institutional and program-

matic aspects, provides an objective basis for formulating recommenda-

tions and adapting best practices to the national context. 

Conceptual Framework 

Energy efficiency is defined as the ability to achieve the same energy service 

or outcome using a smaller amount of energy. According to the Interna-
tional Energy Agency (IEA), it is considered “the first fuel,” as it reduces 
energy demand without affecting the functionality of systems (IEA, 2022). 
In the current context of climate change, energy transition, and pressure 

on natural resources, energy efficiency has emerged as a cross-cutting axis 
of public policies, business strategies, and international commitments. 
 

In the Colombian context, the concept of energy efficiency is associated 
both with technological improvements (such as the modernization of 
equipment, lighting systems, HVAC systems, and motors) and with inte-

grated energy management, which includes practices such as measure-
ment, monitoring, analysis, and user behavior. This approach is aligned with 

a growing regulatory framework that includes laws, action plans, and tech-

nical standards. 

 
The standards currently applicable in Colombia are based on international 

norms, adapted to the specific needs of each territory. 
 

Table 1. Technical and Legal Framework for Energy Efficiency in Colombia 

 

Name / Code Type Year Application in Colom-
bia 

1. ISO 

50001:2018 

Internatio-

nal techni-
cal stan-

dard 

2018 Framework for imple-

menting Energy Manage-
ment Systems (EnMS). 

Adapted in Colombia as 

NTC ISO 50001. 

2. NTC ISO 
50001 

Colombian 
technical 

standard 

2019 Official version of ISO 
50001 adopted by ICON-

TEC. Applicable to public 
and private organizations. 

3. NTC ISO 
50002 

Colombian 
technical 
standard 

2019 Establishes guidelines for 
conducting energy audits. 

4. NTC ISO 

50006 

Colombian 

technical 
standard 

2019 Defines the use of Energy 

Performance Indicators 
(EnPIs) and Energy Base-

lines (EnB). 

5. Law 697 of 
2001 

National 
law 

2001 Declares rational and effi-
cient use of energy as a 
matter of social, public, 

and national interest. 

6. Law 1715 
of 2014 

National 
law 

2014 Promotes the use of non-
conventional energy 

sources, integrating re-

newables into the national 
energy system, along with 
energy efficiency imple-

mentation techniques. 

7. Law 1955 
of 2019 (Na-

tional Devel-
opment Plan) 

National 
law (Deve-

lopment 
Plan) 

2019 Includes guidelines for en-
ergy efficiency and energy 

transition within the na-
tional development frame-

work. 

8. Law 2099 
of 2021 

National 
law 

2021 Modernizes the regulatory 
framework of the energy 
sector, including provi-

sions for energy efficiency. 

9. Law 2407 

of 2024 

National 

law 

2024 Requires public entities to 

implement Energy Effi-
ciency Management Plans 

(PGEE), designate energy 

managers, and conduct au-
dits. 

10. Resolu-

tion 41286 of 
2016 (UPME) 

Technical 

resolution 

2016 Provides guidelines for de-

veloping Energy Efficiency 
Management Plans (PGEE). 

11. Sustaina-
ble Construc-

tion Guide – 
Resolution 

0549 of 2015 
(MinHousing) 

Technical 
standard / 

Resolution 

2015 Requires new buildings to 
meet water and energy-

saving criteria according 
to climate zones. 

12. ISO 14001 
(applicable) 

Internatio-
nal techni-
cal stan-

dard 

2015 Environmental manage-
ment; includes energy effi-
ciency as part of organiza-

tional environmental per-
formance. 

Source: Authors' own elaboration 
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Table 1. Technical and Legal Framework for Energy Efficiency in 

Colombia summarizes the legal and technical foundations that support 

energy efficiency policies in the country. This regulatory framework pro-
vides a solid basis for promoting a culture of rational energy use in both 

the public and private sectors. The adoption of international standards 
such as ISO 50001 has facilitated progress in the implementation of energy 
management systems, particularly within large organizations. However, 

one of the main challenges is that many of these regulations are still not 
mandatory, especially in sectors such as residential or small and medium-
sized enterprises (SMEs), where implementation levels remain low. Addi-

tionally, the existence of multiple standards can be confusing for stakehold-
ers lacking specialized technical guidance. Furthermore, there is evidence 
of institutional fragmentation in the application and enforcement of these 

measures, which limits their overall impact. 
 

RESULTS 
 

Overview of Energy Efficiency in Colombia 
 

Colombia's energy matrix is predominantly based on hydroelectricity. Ac-
cording to data from the Ministry of Mines and Energy, for the 2023–2024 
period, electricity generation from hydropower accounted for 66.4% of 

the total, followed by thermal sources at 30.0% and non-conventional re-
newable sources at 3.6% [6]. This reliance on hydrological resources has 
exposed the electrical system to climate-related vulnerabilities, such as 
droughts associated with the El Niño phenomenon [10]. 

 
In recent years, Colombia has begun a process of diversifying its energy 
matrix through the inclusion of non-conventional renewable energy 

sources (NCRES), primarily solar photovoltaic and wind. This momentum 
has been supported by Law 1715 of 2014 [2], which regulates the integra-
tion of non-conventional renewables into the National Energy System, and 

by Law 2099 of 2021, which sets provisions for the energy transition and 
the stimulation of the energy market. 
 

According to the Mining and Energy Planning Unit (UPME), the planned 
capacity expansion includes an estimated 64% to 82% share of solar pho-
tovoltaic and wind technologies in the future energy portfolio [8]. This 

transformation has helped reduce pressure on hydropower plants and 
move toward a more resilient, sustainable, and diversified energy matrix. 
 
For the energy transition to be effective, it is not enough to diversify the 

energy supply through clean sources; it is also necessary to transform en-
ergy demand through efficiency strategies that reduce consumption and 
improve performance in key sectors. This duality between renewable gen-

eration and efficient consumption is reflected in plans such as the PAI-
PROURE 2022–2030, which sets indicative targets by sector and promotes 
the implementation of energy management systems based on standards 

such as ISO 50001 [1]. Thus, energy efficiency not only complements the 
technological transition in generation but also strengthens the economic 
and environmental sustainability of the national energy system [18]. 

 

In this context, energy efficiency becomes a priority strategy to: 
 

• Reduce total energy consumption. 

• Optimize the use of natural resources. 

• Improve business competitiveness. 

• Decrease carbon emissions. 

• Ensure national energy security. 

To contextualize the comparison and provide quantitative support for the 
identified gaps, it is relevant to highlight some recent sectoral indicators. 
According to the energy policy review and national data, in 2021 Colom-

bia’s total final energy consumption was mainly concentrated in transport 
(40%), followed by industry (36%) and buildings (24–27%), a structure that 
conditions the focus of efficiency measures. These figures, together with 

the heavy reliance on hydropower generation, which supplied more than 
two-thirds of electricity in recent years and exposes the system to hydro-

logical variability, shape concrete technical priorities. For instance, modal 

electrification of transport and electrification of industrial processes must 
be accompanied by simultaneous efficiency measures and heat recovery. 

National and regional studies estimate that technical improvements and 

the adoption of best practices could reduce energy consumption by 20% 

to 40% in specific segments if higher-availability technologies and enhanced 
energy management are implemented. This confirms that targeted action 

in key sectors delivers significant and rapid savings that complement sup-
ply-side transformation. These figures on sectoral structure and saving po-
tential are drawn from recent IEA analyses and national technical reports 

documenting the distribution of final consumption and the techno-eco-
nomic saving potential by sector [50]. 
 

Challenges and Opportunities 
 
The transition toward an energy-efficient economy in Colombia faces mul-

tiple structural, technical, institutional, and cultural challenges. However, 
there are also specific opportunities that can be seized if technical, regula-
tory, and financial capacities are strengthened. 

 
Firstly, the structural and regulatory challenges include institutional frag-

mentation and the lack of coordination among key actors in the energy 

system. The UPME report [18] highlights that although programs such as 
PROURE exist, their implementation has been uneven due to inter-insti-
tutional coordination issues and the absence of a strong regulatory body 
to enforce mandatory energy efficiency targets. 

 
Although laws such as Law 1715 of 2014—which aims to promote the 
development, use, and integration of non-conventional energy sources (es-

pecially solar, wind, geothermal, and biomass) into the Colombian energy 
system—and Law 697 of 2001—which seeks to establish general guidelines 
for promoting a national culture of rational and efficient energy use (URE), 

reduce system losses, and diversify the energy matrix—have laid the legal 
groundwork for the rational use of energy and renewables, their imple-
mentation has been limited in many sectors, particularly among mid- and 

low-tier segments of the industrial sector [15]. Many small and medium-
sized enterprises (SMEs) lack real incentives to implement improvements 
due to financial barriers, lack of technical knowledge, and weak regulatory 

oversight. 

 
In this context, electrical engineers face the challenge of operating within 
a regulatory environment that still does not enforce high efficiency stand-

ards, which in turn reduces the pressure on users to adopt cleaner and 
more efficient technologies. 
 

On the other hand, there are technical and economic challenges. From a 
technical perspective, the country has a significant potential for energy sav-
ings that remains largely untapped. The CAF report (2016) [14] estimates 

that nearly 20% of total energy consumption in industrial and commercial 
sectors could be reduced through technically viable and economically prof-
itable measures. 

 
However, the adoption of such measures is limited primarily by the high 
initial cost of efficient technologies (e.g., motors, LED lighting, automation 
systems), the lack of accessible financing and energy leasing mechanisms, 

and a weak culture of predictive maintenance and energy monitoring. For 
example, the implementation of energy management systems based on ISO 
50001 has proven effective in large companies, but its adoption in medium-

sized industries remains low [18]. 
 
Moreover, there is a need to adapt simulation and energy analysis tools to 

the country's technical conditions. Many electrical engineers face limita-
tions related to software, connectivity, and access to high-quality data, 
which hinders the optimal design of energy solutions [16]. 

 
Sociocultural and knowledge barriers also pose a challenge, as the human 
factor is a significant constraint. In Colombia, there is still a low level of 

energy awareness among both the general public and productive sectors. 
This is reflected in inefficient practices, lack of interest in energy savings, 
and limited training for operational personnel. 
 

Additionally, the cultural shift toward efficient energy use requires pro-
cesses of technical education, behavioral change incentives, and leadership 

from educational and professional institutions. Electrical engineers must 

therefore assume a pedagogical role, promoting efficient practices not only 
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in the design phase but also in the operation and monitoring of installations 

[15]. 

 
Figure 1. Challenges for the effective implementation of energy efficiency in Co-

lombia.  

 
Source: Authors' own elaboration. 

 

However, these limitations are not exclusive to ZEB buildings, as shown in 
Figure 1; they also apply to any space where an energy efficiency model 
needs to be implemented. 

 

Despite the challenges previously mentioned, the country has significant 
opportunities. First, the current legal framework offers tax incentives (such 

as income tax deductions and tariff exemptions), as established in Law 
1715 of 2014 [2], for companies that invest in energy efficiency—especially 
those that incorporate non-conventional renewable energy systems. 

 
In addition, global trends in digital technologies—such as IoT, Big Data, and 
AI—applied to energy management allow for the development of real-time 
monitoring systems, load automation, and predictive maintenance, all of 

which optimize electrical performance. Although these technologies are 
still emerging in Colombia, they offer a growing field of application for 
electrical engineering. 

 
At the regional level, there are successful cases of efficient public lighting 
integration, hybrid microgrids, and photovoltaic systems in non-intercon-

nected zones. Electrical engineers have the opportunity to lead design, in-
stallation, and technical validation projects, promoting decentralized solu-

tions with low environmental impact. 

 
In this way, the opportunities include the integration of energy efficiency 
criteria in public tenders, the promotion of energy service companies (ES-
COs) as facilitators of investment in efficiency, and the establishment of 

knowledge networks between universities, government, and industry. 
 

Success Stories 

 
In Colombia, the adoption of energy efficiency practices has shown signifi-

cant progress across various sectors. In the commercial sector, the Santafé 
Shopping Center in Bogotá implemented LED lighting systems, solar pan-
els, and automation technologies, achieving a 25% reduction in its energy 
consumption. Similarly, the Bancolombia Tower in Medellín, which holds 

LEED certification, incorporated façades that maximize natural lighting and 
water recovery systems, resulting in energy savings of up to 30% [28]. 

 

In the industrial sector, Alpina reduced its carbon footprint by 25% 
through the implementation of clean technologies, the use of renewable 

energy sources, and the modernization of its vehicle fleet. PVC Gerfor S.A. 

replaced electric motors with high-efficiency models, achieving annual sav-

ings of 10,601 kWh and reducing CO₂ emissions by 4 tons per year [29]. 
In the healthcare sector, Clínica Somer invested in the installation of 538 

photovoltaic panels, generating 397,496 kWh per year and reducing CO₂ 
emissions by 125.9 tons per month. Meanwhile, Agrosavia installed 200 
bifacial panels at its Turipaná Research Center, covering 30% of its energy 
consumption [30][31]. 

 
In the agribusiness sector, Pastas Doria modernized its boiler systems and 
improved its maintenance protocols, significantly reducing downtime and 

improving operational efficiency [28]. 
 
At the community level, initiatives such as those in the El Salvador neigh-

borhood in Medellín—located in Comuna 13—have led to the creation of 
a sustainable energy community. In collaboration with local residents and 
government entities, 43 solar panels were installed on residential rooftops, 

generating approximately 3,000 kWh per month [17]. 
 

These cases exemplify how energy efficiency can be successfully imple-

mented in diverse contexts, contributing to sustainability and to the 
achievement of the country’s environmental goals. 
 

International Comparison 
 
The Energy Transition Index (ETI), developed by the World Economic Fo-
rum, evaluates the performance of countries on their path toward sustain-

able, secure, and affordable energy systems. In its 2024 edition, Colombia 
ranked 35th out of 120 countries [11], falling six positions compared to 
2021, when it held the 29th place. This decline was mainly due to stagna-

tion in the diversification of its energy matrix, continued dependence on 
hydrocarbons, and delays in the execution of non-conventional renewable 
energy projects. 

 
At the Latin American level, Colombia ranks as the sixth-best performing 

country in terms of energy transition, behind Brazil, Uruguay, Costa Rica, 

Chile, and Paraguay. These countries have made more significant progress 
in the integration of renewable energy and in energy efficiency policies, 
supported by more consolidated regulatory frameworks and defined eco-

nomic incentives—mainly focused on building energy efficiency [12]. 
 
According to the article “Comparative Study of Energy Efficiency Legisla-
tion in Colombia and Spain” by G. Mejía (2014, Revista EAN), both coun-

tries face common challenges in implementing energy efficiency measures, 
such as the need to strengthen technical regulations, increase financing, 
and build a stronger energy culture in the residential sector. However, 

Spain demonstrates greater institutional and regulatory maturity, with 
well-structured national policies such as the National Integrated Energy 
and Climate Plan (PNIEC) and the enforcement of the European Energy 

Efficiency Directive. In contrast, Colombia’s regulatory foundation is still 
largely tied to Law 697 of 2001 [13]. A comparative table of current legis-
lation in Spain and its Colombian counterparts is presented below: 

 
Table II. Regulatory Comparison of Energy Efficiency between Spain and Co-

lombia. 

POLICY SPAIN COLOMBIA 

LEGISLATIVE FRAMEWORK 

General legisla-
tion 

Energy Efficiency Di-
rective 2012/27/EU in 

force, building on Direc-

tives 2006/32/EC and 
93/76/EEC. 

Law 697 of 2001 
on the rational 
and efficient use 

of energy. 

Energy effi-

ciency agency 

Institute for Energy Di-

versification and Saving 
(IDAE). 

Does not exist. 

Action plans Mandatory Energy Effi-

ciency Action Plans 
(PAEE). 

Rational and Effi-

cient Use of En-
ergy Program 

(PROURE) and 

other Non-Con-
ventional Energy 

Forms. 
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POLICY SPAIN COLOMBIA 

Savings targets Target to reduce pri-
mary energy consump-

tion by 20% by 2020 
(compared to projec-
tions made in 2005). 

Global targets by 
2015 (14.75% in 

electricity and 
2.1% in other en-

ergy sources), 

with sectoral tar-
gets and annual 

savings since 2010 

(Resolution 
180919 of 2010). 

BUILDINGS 

Energy perfor-

mance require-
ments in build-

ings 

Technical Building Code 

(CTE) – Royal Decree 
314/2006 and 1371/2007. 

Does not exist. 

Energy certifi-
cate 

Royal Decree 235/2013. Does not exist. 

Energy savings 

objective 

Basic Energy Saving Doc-

ument of the CTE. 

Does not exist. 

Thermal insta-
llations require-

ments 

Regulation of Thermal 
Installations in Buildings 

(RITE) – Royal Decree 
1027/2007 and 

1826/2009. 

Does not exist. 

LIGHTING 

Energy perfor-

mance require-
ments 

Basic Document HE.3 

for indoor lighting and 
Regulation on energy ef-
ficiency in outdoor light-

ing installations (Royal 
Decree 1890/2008). 

Technical Regula-

tion for Lighting 
and Public Lighting 
(RETILAP) – Res-

olution 181331 of 
2009 and amend-

ments. 

 

Source: Mejía, Guillermo. (2014). Comparative Study of Energy Efficiency Legis-

lation in Colombia and Spain. Revista EAN, (77), 122–135. Retrieved May 12, 
2025. 

 
Table III. Comparison of Fiscal and Economic Incentives for Energy Efficiency in 

Colombia and Spain 
 

Incentive Colombia Spain 

Income tax 
deduction 

• 50% of the investment 
in renewable energy and 
energy efficiency man-

agement projects (Law 
1715 of 2014, Law 

2099 of 2021), valid for 

up to 15 years and 
capped at 50% of net 

taxable income [2]. 

• Deduction for energy ef-
ficiency improvements in 

homes (IRPF): between 7% 

and 60%, with a limit of 
€3,000/year (€15,000 to-

tal) [36]. 

• Additionally, 25% for 

certified investments in 
energy efficiency projects 

(Art. 255 E.T.) [35]. 

• For companies: acceler-

ated depreciation and de-
ductions for investments in 
renewables or EV charging 

infrastructure [37]. 

VAT and tariff 
exemptions 

• VAT and tariff exclu-
sions for machin-

ery/equipment used in 

energy efficiency or re-
newable projects (Law 

1715/2014, as 
amended) [2]. 

• VAT exclusions or reduc-
tions for energy refurbish-
ments and electric vehi-

cles; regional governments 
also offer IBI and ICIO tax 

reductions [38]. 

Accelerated 
depreciation 

• Accelerated deprecia-
tion up to 33% annually 

for equipment/works re-

lated to energy efficiency 
and renewable energy 

[2]. 

• Accelerated depreciation 
for investments in renewa-

ble energy and EV fleet 

charging infrastructure (for 
companies) [38]. 

Incentive Colombia Spain 

Energy sa-
vings certifi-
cates / funds 

Not available • Spain has Energy Savings 
Certificates (CAE), which 

allow monetization of 

kWh saved through obli-
gated energy companies 

[39]. 

Local/regional 
tax benefits 

• All handled under Law 
1715 of 2014 [2]. 

• Regional property tax 
(IBI/ICIO) benefits for re-
furbishments and self-con-

sumption installations (e.g., 
Andalucía reduces IBI by 

10–50%) [40]. 

Subsidies and 
complemen-
tary funds 

• FENOGE fund finances 
replacement of lightbulbs 
and energy-efficient ap-

pliances (Energy Effi-
ciency Fund), e.g., “Light-
ing the Pacific” project 

[41]. 

• Next Generation EU 
funds for home rehabilita-
tion, covering up to 80% 

of costs, plus ANECA 
grants; 150% increase in 

renovation permits in 

2024 [42]. 

 
Source: Authors' own elaboration. 

 

Table IV. Comparative Summary between Colombia and Spain 
 

ITEM COLOMBIA SPAIN 

National 
target (la-
test law) 

Law 2407 of 2024: ra-
tionalization of energy 
consumption in public 

entities [3]. 

PNIEC 2021–2030: 39.5% 
reduction in final energy con-

sumption by 2030 [43]. 

Energy au-
dits 

Implementation plan 
for public entities un-

der Law 2407 of 2024 

[4]; not mandatory for 
the private sector. 

Mandatory for companies 
with more than 250 employ-

ees [44]. 

ISO 50001 Voluntary adoption, 
with no specific incen-
tives from the state 

[1]. 

Actively promoted by IDAE 
with financing lines [45]. 

Fiscal incen-
tives 

Tax benefits under 
Law 1715 [2]. 

Direct subsidies + tax deduc-
tions depending on the type 

of intervention [45]. 

Building 

energy certi-

fication 

No regulation estab-

lishes mandatory en-

ergy efficiency stand-
ards in buildings. 

Mandatory for public build-

ings and residential properties 

for sale or rent [46]. 

Monitoring 

and enforce-
ment 

Weak coordination 

among UPME, Ministry 
of Mines and Energy, 
and local authorities. 

Supervised by MITECO with a 

national registry of audits and 
energy certificates [39]. 

Annual pu-
blic invest-

ment 

Not clearly itemized. Annual IDAE budget specifi-
cally for energy efficiency: 
over €300 million (2023) 

[47]. 

Energy cul-
ture 

Low awareness of sav-
ings / resistance to 

change. 

Higher awareness, supported 
by sustained campaigns in 
schools and public media 

[48]. 

 

Source: Authors' own elaboration. 
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Discussion 

 
The transfer of consolidated public policies from Spain to the Colombian 

context faces structural barriers that go beyond the mere adoption of reg-
ulations; these are linked to institutional maturity, the availability of acces-
sible financing for SMEs, the dissemination of a broad energy culture, and 

territorial heterogeneity that requires regionally tailored solutions. Con-
sequently, any imported instrument must be adapted to these local condi-
tions. In practice, this entails prioritizing the strengthening of regulatory 
and oversight capacities, designing co-financing mechanisms and credit ac-

cess schemes that consider the size and risk of Colombian enterprises, and 
articulating training processes (for instance, through SENA) and sustained 
campaigns to generate social demand for efficiency, before scaling up tech-

nical and regulatory instruments such as building certification or manda-
tory audits. Accordingly, Table V should be read as an inventory of opera-
tional challenges that guides the sequencing of interventions: first enabling 

capacities and resources, then implementing incentives and verifiable reg-
istries, and finally deploying broader technical and regulatory measures that 

are socially and financially viable within Colombian territories [50][51]. 

 
The comparison between Colombia and Spain shows that the performance 
gap is not merely regulatory but is closely tied to institutional maturity, the 

availability of financial instruments, and the degree of social adherence to 
energy-saving practices. This underscores the need for a comprehensive 
and phased technical response. From our perspective, the first priority 
must be institutional strengthening to ensure both continuity and effective 

oversight of policies. This requires the creation of a national registry of 
energy audits and certificates, the allocation of stable resources to tech-
nical assistance programs for SMEs, and the definition of measurable sec-

toral targets with intermediate milestones. These actions can be aligned 
with existing financing mechanisms and more precisely targeted tax incen-
tives, thereby creating a more consistent and predictable framework for 

implementation. A second priority involves the development of nationwide 
training programs and sustained awareness campaigns at both educational 
and business levels to foster an energy-conscious culture. These initiatives 

should be reinforced through regional pilot projects on building retrofitting 
and industrial modernization, which can serve as practical demonstrations 
of the economic and social feasibility of interventions. In parallel, the pro-

motion of ISO 50001 certification [1], combined with subsidies or co-fi-
nancing schemes for SMEs, would broaden adoption and raise the maturity 
of the productive sector. From an operational perspective, the emphasis 
should be placed on highly cost-effective and immediately deployable 

measures such as efficient lighting, advanced motor control, and thermal 
loss management. These short-term actions must be complemented by 
long-term instruments for building retrofits and transport electrification, 

ideally integrated with renewable energy sources. Taken together, these 
coordinated steps would allow Colombia not simply to replicate isolated 
components of the Spanish model, but rather to adapt them to its territo-

rial heterogeneity and financial constraints, prioritizing social scalability and 
equity in the distribution of benefits [50][51]. This comparison does not 
seek to idealize the Spanish framework but rather to discern which ele-

ments can be meaningfully applied to the Colombian context, acknowledg-

ing significant differences in institutional capacity, public budgets, industrial 
development, electricity coverage, geography, and energy culture. Ulti-
mately, the analysis aims to identify which features of Spanish policy can be 

effectively transferred, under what conditions, and with what potential 
challenges, so that international experiences in energy efficiency can be 
adapted into viable and sustainable practices for Colombia. 

 
Table V. Challenges in Applying Spanish Public Policies in Colombia 

 

Element in 
Spain 

Applicability in Co-
lombia 

Conditions / Challenges 

Mandatory 
energy audits 

Progress is underway in 
the public sector with 

Law 2407; could be 
extended to the private 

sector. 

Requires strengthened en-
forcement and local tech-

nical capacity. 

Element in 
Spain 

Applicability in Co-
lombia 

Conditions / Challenges 

Building 
energy certifi-

cation 

Applicable to new con-
structions and public 

buildings. 

No national regulation exists 
for energy certification in 
buildings; it would need to 

be developed from scratch. 

Labeling and 

public aware-
ness cam-

paigns led by 
IDAE 

Feasible through UPME 

+ Ministry of Educa-
tion. 

Colombia needs sustained 

investment in energy educa-
tion; some progress has 
been made with RETIQ. 

IDAE subsi-
dies for SMEs 

implementing 
ISO 50001 

Could be adapted via 
Colombia Productiva or 

the Ministry of Mines 
and Energy. 

Limited access to credit and 
technical financing in SMEs 

remains a barrier. 

Technical vo-
cational 

training plans 

in energy 

Reproducible in Colom-
bia with support from 

SENA. 

Requires long-term policies 
and coordination with indus-

try associations. 

National Inte-
grated Energy 

and Climate 
Plan (PNIEC) 

Useful reference for 
building a more struc-

tured roadmap in Co-
lombia. 

Requires strong political will 
and sustained inter-ministe-

rial coordination. 

 
Source: Authors' own elaboration. 

 
The implementation of energy efficiency measures generates positive environ-
mental and social impacts that should be explicitly evaluated, as such co-benefits 

reinforce the political case for financing and prioritization. On the environmental 
side, key outcomes include the reduction of greenhouse gas emissions through 
lower fossil fuel demand and reduced pressure on water resources by limiting the 

need for backup thermal generation during drought periods. Social benefits in-
clude improved indoor air quality and public health in buildings, the creation of 

local employment in installation and maintenance activities, and the alleviation 
of energy poverty through lower energy bills for vulnerable households. 

 
Global and regional studies have shown that efficiency programs can generate 
more jobs per unit of investment than traditional supply-side programs, and that 

building interventions have direct impacts on health and productivity, thereby 
amplifying the cost–benefit argument for public and mixed investment in effi-
ciency. Consequently, we propose that any roadmap for Colombia incorporate 

explicit co-benefit metrics—such as jobs created by intervention line, estimated 
emissions reductions, and projected improvements in public health indicators in 
households—and use them as prioritization criteria in policy-making decision 

matrices [51][52]. 
 
As a reproducible tool, we propose the following calculation rule for converting 

evidence into criterion scores. For each criterion (e.g., Energy Audits), three ob-
servable sub-criteria are defined: (a) the existence of a legal mandate, (b) the 
existence of a national registry, and (c) effective coverage (percentage of com-

panies or buildings audited within a given period). Each sub-criterion is scored on 

a 1–5 scale according to predefined thresholds (1 = absence or <5% coverage; 
2 = incipient, 5–15%; 3 = moderate, 15–40%; 4 = broad, 40–70%; 5 = univer-
sal, >70%). The score of the criterion is calculated as the arithmetic mean of its 

sub-criteria, while the aggregate maturity of the country corresponds to the 
weighted average of all criteria. This procedure ensures reproducibility, allows 
sensitivity testing under different weightings, and facilitates updating the analysis 

as new data become available. For transparency, we further propose the inclusion 
of a table presenting scores and supporting evidence. 
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Table VI. Comparative Energy Efficiency Performance: Colombia vs. Spain 

 
Source: Authors' own elaboration. 

 
Figure II. Comparative Energy Efficiency Performance: Colombia vs. Spain 

 

 

 
 

Source: Authors' own elaboration. 
 

The scores assigned in Figure II and Table VI were developed through a 
qualitative evaluation based on document review and comparative analysis. 
Each criterion (regulation, incentives, audits, energy culture, etc.) was as-

sessed according to the level of consolidation and effective implementation 

in each country. A scoring scale from 1 to 5 was used, where 1 represents 
an incipient condition or minimal implementation, and 5 indicates an ad-
vanced level with mandatory application, institutional monitoring, and 

measurable outcomes. For example, Spain received high scores in regula-
tion and audits due to the existence of mandatory regulations since 2012, 
while Colombia received intermediate scores for having recently enacted 

laws that are still in partial implementation stages. The scale integrates var-
iables such as legal enforceability, coverage, long-term sustainability, avail-
ability of incentives, and adoption by key stakeholders.  

 

Conclusions 
 

The lessons derived from the comparative analysis between Spain and Co-
lombia demonstrate that it is indeed possible to adapt successful standards, 
policies, and initiatives from the European context. Spain has managed to 

consolidate an effective regulatory and operational framework for energy 
efficiency through the articulation of regulation, financing, education, and 
public awareness. 

 

In the case of the Colombian model, it is essential to also consider its own 

conditions: budgetary limitations, technical gaps, institutional differences, 
non-interconnected zones, and a less mature energy culture. Any attempt 

to transfer regulatory or technical frameworks must be contextualized, 
adapted, and gradually scaled. 
 

Advancing toward greater energy efficiency in Colombia does not merely 
involve implementing new regulations or incentive mechanisms, but also 
strengthening technical capacities, expanding access to financing, improving 

monitoring systems, and—most importantly—fostering a civic and busi-
ness culture committed to the rational use of energy. 
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