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It is necessary to improve the sustainability of the industrial sector in developing countries, 

particularly in the case of energy intensive industries. Energy efficiency improvement and fuel 

substitution with natural gas and low-CO2 electricity can reduce CO2 and pollutant emissions, energy 

losses, and improve working conditions. In this research, CO2 emissions reductions achievable with 

these two measures in non-ferrous metals secondary production and semi-fabrication were estimated; 

and the barriers that prevent their materialization discussed. A national scale bottom-up static linear 

programing optimization model was developed to assess the energy resource/end-use device 

allocation problem in non-ferrous metals secondary production and semi-fabrication; and used to 

study the case of Colombia, where low-CO2 electricity is available. Besides the base scenario, three 

alternative scenarios were considered, focusing on different priorities for decision making: (min. cost) 

minimizing total cost under energy resource and material demand constraints; (low CO2) minimizing 

CO2 emissions under energy resource and material demand constraints; and (min. CO2) minimizing 

CO2 emissions under energy resource constraints, except for natural gas and electricity, and material 

demand constraints. Results indicate that compared with current CO2 emissions of 62.5 kt-CO2/yr, 

minimum cost system configuration can achieve CO2 emissions as low as 17.7 kt-CO2/yr due to the 

improvement of energy efficiency; while the minimum CO2 emissions system configuration can 

achieve CO2 emissions as low as 7.7 kt-CO2/yr, using energy efficient electric devices; which are 

preferable over regenerative natural gas furnaces for electricity CO2 emission factors lower than 350 

t-CO2/GWh. Similarly, pollutant emissions are also expected to decrease. Cost of CO2 avoided is 

negative in all the alternative scenarios, indicating the existence of ‘no-regret’ CO2 emissions 

reduction potential. Despite economic and environmental benefits of energy efficiency improvement 

and fuel substitution, it is considered that barriers such as uncertainty about energy resource price 

evolution, resource competition between energy use improvement projects and other projects, and 

lack of knowledge, among others prevent CO2 emissions reduction potential to be realized. 

Furthermore, it is necessary to improve the characterization of energy use in the industry with 

updated and detailed information, required to identify more accurately CO2 emissions reduction 

opportunities. 
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