
Overview
This paper explores the prospects for expansion and transition of the electricity system in Bolivia, in a context of growing sustainability goals and climate commitments, considering that the country is highly dependent on fossil fuels and primarily managed by the state. It reviews this by integrating scenario-based expectations for the development of Bolivia, which has historically relied on a short-term planning approach and has finally established some long-term goals, seeking to expand its electricity system and integrate renewable energy into the mix, both in 2030 and 2050 plans. Three development scenarios are proposed: implementation of existing plans, expanded availability of natural gas, and a net-zero emissions scenario. The analysis of the power systems uses PyPSA-BO, a model adapted to reflect Bolivia's specific characteristics. The analysis concludes that, although there has been progress in energy planning, achieving a real transition will be a greater challenge than the one currently provided by the government, requiring policies that integrate the electricity sector into a broader and more sustainable energy framework.



General context

The energy transition in Bolivia faces the challenge of reducing its dependence on fossil fuels, which currently supply 63% of its electricity generation. These conditions limit progress toward a sustainable system and compromise compliance with international emissions reduction commitments. The current situation reflects a centralized energy system and an infrastructure that has not allowed for the integration of renewable sources.
Specific barriers include the lack of economic incentives for clean technologies and the existence of differentiated prices for the use of natural gas in the electricity sector. These obstacles impede robust renewable energy expansion and increase the risk of not achieving the global carbon neutrality goals, to which Bolivia committed during the Paris Agreement and reaffirmed with the presentation of its updated NDCs.

If this issue is not addressed, Bolivia could face serious consequences, such as a loss of credibility in the international community, restricted access to international financing, and increasing vulnerability to fluctuations in international fossil fuel prices. An effective transition to renewable energy is crucial, not only for the country's energy security but also for advancing sustainable development compatible with its climate goals.



Method
To assess the feasibility of the energy transition in Bolivia, a quantitative approach was followed using the PyPSA-BO model, a tool adapted from PyPSA-Earth, a global-range power system model. This model, combined with a proposed methodology for connecting the results obtained from another tool that analyses the entire energy system (EnergyScope), allowed for the simulation of three electricity system expansion scenarios to 2050, considering the potential indirect effects of other energy-consuming subsectors.

The simulated scenarios were: Existing Plans Implementation (EPI), Extended Gas Availability (EGA), and Net Zero Emissions (NZE). Each considers different variables related to resource availability, energy demand, and emissions targets, providing a comparative view of possible electricity system trajectories.

· EPI Scenario: This scenario foresees expansion according to current plans, reaching an installed capacity of 20.8 GW and a demand of 47.5 TWh by 2050. The energy mix would be composed primarily of solar (52%) and wind (16%), achieving some diversification, but not meeting decarbonization targets.

· EGA Scenario: With greater natural gas availability, the expected installed capacity is 15.2 GW and demand 41.5 TWh. Dependence on fossil fuels persists, limiting the share of renewables to 53% solar and 8% wind, suggesting that this scenario does not significantly reduce the sector's emissions.

· NZE Scenario: With the goal of carbon neutrality, this scenario implies a profound transformation toward renewables, reaching a capacity of 69.3 GW and 97.8 TWh of demand, with a solar contribution of 83.4% and wind power of 11.4%. This shift would allow for meeting climate commitments, but would require investments in storage and transmission to manage the intermittency of renewable sources.



Results and policy implications
An initial reading of the scenarios shows that the system's transition will be strongly influenced by expectations for the energy sector. Considering a plan that analyses the evolution of the electricity system as a system isolated from transportation, industry, or commerce, the development expectations set by the government are consistent. However, under current expectations associated with the declining availability of resources such as natural gas, the latent potential of electrifying energy demands, or compliance with international climate commitments, the development of the electricity sector will undergo a momentous change, both in the generation mix and in the magnitude of its expansion. These findings underscore the urgency of strategic decisions that facilitate an effective and cost-effective transition to a sustainable and resilient energy system.

To promote the energy transition in Bolivia, it is suggested to implement a policy framework that can systematically incentivize the use of renewable energy, reduce dependence on fossil fuels, and encourage the electrification of energy demands. To achieve this, it is necessary to consider mechanisms that facilitate the transition from an economic perspective, are compatible with national goals, and consider a holistic and updated vision of the energy system:

· Fiscal and financial incentives: Develop preferential financing programs for renewable infrastructure projects and energy storage technologies.

· Fossil fuel subsidy reform: Gradually redirect fossil fuel subsidies toward clean energy projects to balance the market and artificially reduce the competitiveness of fossil fuels.

· Long-term planning: Create a long-term energy transition plan that considers projected scenarios, with clear stages and goals to achieve a cleaner and more balanced energy mix. 
· Promote technological change among consumers: Facilitate access to alternative technologies in the various subsectors of the energy system with the goal of shifting demand from fossil fuels to electricity.

· Development of transmission infrastructure: Prioritize investment in renewable energy plants, taking into account their impact on the expansion of transmission networks to facilitate the integration of renewable energy in regions with high solar and wind potential and at critical consumption points.

· Training and technology transfer strategies: Strengthen local technical capacity through renewable energy training programs and collaborate with international institutions for the transfer of technology associated with large-scale projects, energy storage, and renewable resource forecasting.


Conclusions
This study reaffirms the need for an energy transition in Bolivia, with a focus on the expansion of renewables to reduce dependence on fossil fuels. The findings highlight the importance of specific policies that incentivize clean energy, optimize the electricity generation mix, and define the technical requirements of the transmission system. 
Some key points to consider are: 1) The central role of the electricity sector, as it is fundamental to the development of the energy system in Bolivia and, in the future, is expected to assume an even more important role in the country's energy supply. However, this shift entails significant challenges for implementing a sustainable energy system; 2) Limitations of the current transition plans, as achieving a holistic transition to a clean energy system requires overcoming additional barriers. This includes not only expanding renewable generation capacity but also transforming energy transmission and storage infrastructure to address the challenges of intermittency; 3) Recognizing the electricity sector as part of a broader system, given that to ensure an effective transition, it is necessary to consider an integrated energy system that includes the interrelationships with other sectors that can indirectly influence electricity demand, such as transportation and industry, which are linked to progressive electrification; 4) Strategic and periodical long-term energy planning exercises, given that while it is recognized that Bolivia is taking its first steps toward long-term energy planning, an approach that can be easily replicated and followed systematically to explore potential development scenarios is still needed. Particularly, focusing on approaches that optimize the system from a technoeconomic perspective, with an emphasis on reducing operating costs and investing in new technologies and the necessary infrastructure, seems like an adequate and practical angle; 5) This analysis emphasizes the importance of public policies that not only prioritize renewable generation but also develop infrastructure capacities and consider the interconnection of sectors. These aspects are essential to transforming Bolivia's energy system into a sustainable and resilient model.
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