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We use Nicaragua as a case study to highlight
the importance of high-resolution open
access data and modeling platforms to
evaluate fuel-switching strategies and their
resulting cost of power under realistic
technology, policy, and cost scenarios
(2014-2030).
Our results suggest that
Nicaragua could cost-effectively achieve a
low-carbon grid (≥80%, based on non-large
hydro renewable energy generation) by 2030.
Potentially risky resources (geothermal and
hydropower) raise system costs but do not
significantly hinder decarbonization. Oil price
sensitivity scenarios suggest renewable energy
to be a more cost-effective long-term
investment than fuel oil. Nicaragua’s options
illustrate the opportunities and challenges of
power system decarbonization for emerging
economies, and the key role that open access
data and modeling platforms can play in
helping develop low-carbon transition
pathways.
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Fig. 1. Optimization and data framework of the western North American SWITCH model.
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Figure 1. Open Access Data and Open Source Models. We use open access data from Nicaragua’s National Dispatch Center (2011-2014) and open source
modeling tools (SWITCH, developed
at the Renewable
Appropriate
Energy
Lab)western
to develop
different
power system
scenarios
to help Nicaragua’s own goals
Fig. 1. Optimization
andand
data
framework
of the
North
American
SWITCH
model.
of reaching 90% renewable energy generation by 2020. SWITCH is an open source capacity planning and dispatch model of the electric power sector. It is
formulated as a linear program whose objective function is to minimize the cost of meeting projected electricity demand (variable, fixed, O&M, and capital costs
for generation, as well as transmission, distribution, and sunk costs) from present day until 2030, subject to policy, resource availability, reliability and generator
Radio
output constraints.

Figure 1. DHS and Census Town Locations [1.A] and [1.B] Features evaluated from each data set in our
TV
Results
analysis.
Shape border colors depict load zone regional membership. Several load zones
may be aggregated into a region (north west, center, south west, north east, and
south east). Base Case (2026-2030): 39 TWh
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Figure 2. Spatial Distribution of SystemWithout
Investments
in the Base
Scenario
(39 TWh). Due to the proximity of major load centers to energy
production and electricity infrastructure, most energy is produced and consumed locally. Nicaragua’s Pacific (west) coast contains the vast majority of
renewable resource potential (geothermal, wind and solar) in the country, and thus most generation projects are located in this area.
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Conclusion
As funding for renewable energy shifts decisively towards emerging
economies, resource potential studies must be accompanied by research
regarding flexibility requirements, and most importantly, regional
integration (balancing). Trans-national cooperation could be one the most
cost-effective system investments for emerging economies transitioning
into a post-petrol society. Extending this analysis to the rest of Latin
America, and other regions in the world, would likely show that with
current technological breakthroughs, and fossil fuel price volatility, lowcarbon transitions (further enabled by regional cooperation) are both costeffective and technically feasible. With the global carbon emissions budget
over the next decades depending critically on the choices made by fastgrowing emerging economies it is increasingly important
to develop studies
!
like this one to envision alternative low-carbon development pathways.
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End-scenario (2026-2030) results suggest that even
2.a Television Ownership
without implementing strong renewable energy
(RE) integration policies, development of
renewable energy in Nicaragua represents some
the most cost-effective energy system investments
(Base Scenario). A variety of scenarios (below)
explore system expansion under different policy,
risk and price assumptions. A regional
interconnection adds grid-flexibility, and allows for
the most cost-effective penetration of intermittent
RE into the grid. A low-output hydro scenario and
risky geothermal resources raises system costs.
Our results are markedly different from
Nicaragua’s current expansion plan, which
optimizes large hydropower.
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Figure 3. Generation (%) by Fuel Type in the Final Time Period (2026 – 2030; Total System Load is
32 TWh for each Scenario). We used SWITCH to explore electricity system expansion under the different
technology and fuel price assumptions, increased risk of certain renewable resources (risky geothermal
development and low-output hydropower), a policy mandate enabling central PV deployment (25%
generation by 2030), and a regional interconnection. A regional interconnection enables the highest
penetration of wind and solar energy at the lowest cost.
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Figure 2. Spatial diversity of appliance ownership [2.a and 2.b] and lack of electricity access [2.b number of

