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Overview

We examine experiences of climate-change adaptation strategies and identify common trends and policies, in particular policies aiming at decreasing carbon emissions from energy consumption and production. From this analysis, we draw lessons and insights to assess alternative low-carbon policy and strategy for the Colombian energy sector.
Methods

We study and compare the climate-change strategies from a sample of 18 industrialized and developing countries. Some of these industrialized countries, such as Germany, Denmnark, Spain and the Netherlands lead the adoption of energy-efficient and renewable energy technologies. Other industrialized countries, such as the U.S.A., have been less successful in adopting low-carbon energy technologies, and have a large potential for increasing energy efficiency and energy-related emissions. Although developing countries have no specific targets for carbon-emission reductions, they are more vulnerable to the impacts of climate change. We therefore include emerging countries, such as China, India and Brazil, as well as countries that largely rely on natural-resource exploitation such as South Africa and Indonesia, and smaller countries that are highly vulnerable to climate change such as Nicaragua and Costa Rica. We believe this sample is diverse and representative enough to encompass a wide range of motivations, designs, and results of climate-change strategies. These strategies for adapting to climate change combine a set of policies with objectives ranging from increasing sustainable land use to providing support to new industries based on renewable energy technologies and alternative energy sources. In the energy sectors, technology and efficiency are closely related and as a consequence, energy policies frequently aim at increasing efficiency and developing technologies. 

As illustrated in Table 1, we identify four main components of the climate-change strategies: 1) Increasing energy efficiency in production and consumption, 2) Reducing emissions through regulation such as standards and emission quotes; 3) technology development and deployment and; 4) regulations to achieve sustainable land-use. These components are closely related and complement each other. For instance, developing smart-grid technologies creates new economic activities, and increases efficiency which in turn, helps to achieve emission targets. 
Table 1. Components of climate-change strategies in sampled countries. 
	Country 
	Sustainable land use
	Energy Efficiency
	Technology development
	Reduction of carbon emissions

	Australia
	   
	   
	   
	   

	Brazil
	   
	   
	   
	   

	China
	   
	   
	   
	   

	Costa Rica
	   
	   
	
	   

	Denmark
	   
	   
	   
	   

	Germany
	 
	   
	   
	   

	India
	   
	   
	
	   

	Indonesia
	   
	   
	
	   

	Japan
	
	   
	   
	   

	México
	   
	   
	
	   

	Netherlands
	   
	   
	   
	   

	Nicaragua
	   
	   
	
	   

	South Africa
	   
	   
	
	   

	South Korea
	   
	   
	   
	   

	Spain
	   
	   
	   
	   

	US
	
	   
	   
	   

	UK
	   
	   
	   
	   


Results
For each of the countries and strategic components above, we identify the enacted policies as well as the specific targets, goals and instruments of such policies. We observe that decreasing emissions through economic and regulatory incentives, increasing efficiency in consumption and production of energy, and developing low-carbon technologies are the programs most commonly used. These programs complement each other and contribute to decreasing carbon emissions in industrial, power generation, transportation, and residential/commercial sectors.

Our analysis of emissions trends and other findings of the literature indicates that increases in energy efficiency have been key to reduce the rate of carbon emissions (IEA, 2008; 2010). However, as population grows and emerging economies prosper, increases in efficiency may not be sufficient to achieve a net reduction in carbon emissions. Economic incentives to internalize environmental costs of carbon emissions, such as cap-and-trade programs and carbon taxes, have had limited success in promoting the technology changes needed to decrease carbon emissions. New energy technologies face considerable entry barriers and the current structure of power markets (concentration, regulation) favors conventional technologies. We observe that continued research and support for low-carbon technologies has positive effects on the development of both alternative sources of energy and energy-efficiency technologies.  
Conclusions

Colombia has not yet implemented a comprehensive strategy for climate-change adaptation. Although there are limited policies and programs to increase efficiency and despite having a high share of hydro-power generation, these programs are not well-structured initiatives and there are no goals for decreasing carbon emissions from the energy sector. A climate change strategy is an opportunity to harmonize energy and environmental policies. In this direction, we draw the following insights from our analysis:

a)
There is a need to set clear goals and targets for climate-change and emission-reduction strategies.
b)
As there is not a single mechanism for increasing development and adoption of low-carbon technologies. Instead, a combination of subsidies and other incentives is frequently used, but the particular mechanisms selected depend on the institutional arrangements and resource availability of each country and sector. These mechanisms are not technology-neutral and it has been observed that they favor technologies in commercial pre-commercial stages. Although emissions from power generation in Colombia are low, there are technological and strategic reasons for adopting low-carbon technologies in power generation. These low-carbon technologies can increase energy security, complementing the existing technology mix for power generation, and they can increase efficiency in consumption, lowering the need for investing in new generating capacity. Adopting renewable energy technologies other than hydroelectricity helps to increase energy diversification, and to develop existing resources.
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