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Summary

Long-term planning for the electric grid, also referred to as resource adequacy planning, informs
decisions about investments in infrastructure associated with policy goals with the ultimate
objective to maintain or enhance resilience to potential future vulnerabilities under various
natural and human stressors (Alova, 2020; Craig et al., 2018; Jayadev et al., 2020; Khan et
al., 2021; Sridharan et al., 2019). Future power plant siting costs will depend on a number
of factors including the characteristics of the electricity capacity expansion and electricity
demand (e.g., fuel mix of future electric power capacity, and the magnitude and geographic
distribution of electricity demand growth) as well as the geographic location of power plants
(U. S. Energy Information Administration, 2021). Electricity technology capacity expansion
plans modeled to represent alternate future conditions meeting a set of scenario assumptions
are traditionally compared against historical trends which may not be consistent with current
and future conditions (Iyer et al., 2015; Sluisveld et al., 2015; Wilson et al., 2013).
We present the cerf Python package (a.k.a., the Capacity Expansion Regional Feasibility
model) which helps evaluate the feasibility of future, scenario-driven electricity capacity ex-
pansion plans by siting power plants in areas that have been deemed the least cost option
while considering dynamic future conditions [Figure 1]. We can use cerf to gain insight to
research topics such as: 1) which future projected electricity expansion plans from models
such as GCAM (Calvin et al., 2019; Wise et al., 2019) are possible to achieve, 2) where and
which on-the-ground barriers to siting (e.g., protected areas, cooling water availability) may
influence our ability to achieve certain expansion scenarios, and 3) evaluate pathways of sited
electricity infrastructure build-outs under evolving locational marginal pricing (LMP) based on
the supply and demand of electricity from a grid operations model.

Vernon et al., (2021). cerf: A Python package to evaluate the feasibility and costs of power plant siting for alternative futures. Journal of
Open Source Software, 6(65), 3601. https://doi.org/10.21105/joss.03601

1

https://doi.org/10.21105/joss.03601
https://github.com/openjournals/joss-reviews/issues/3601
https://github.com/IMMM-SFA/cerf
https://doi.org/10.5281/zenodo.5527334
https://github.com/lisazeyen
https://github.com/willu47
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21105/joss.03601


Figure 1: Illustrative power plant siting for an electricity capacity expansion plan for year 2030.

Statement of Need

Existing tools for identifying criteria for power plants and suitable energy corridors such as
the Energy Zones Mapping Tool (EZMT, https://ezmt.anl.gov/) provide a valuable resource
assessment for the United States specifically but do not address the influence of regional
economics on siting and allow for scenario-driven, forward projections. To the best of our
knowledge, cerf is the only forward looking power plant siting open-source software that
incorporates scenario-driven electricity expansion plans for renewable and non-renewable tech-
nology portfolios, zonal LMP from grid operations models, an extensive suite of technology-
specific suitability spatial data, and the inclusion of an economic algorithm to site power
plants by least cost at a resolution of one square kilometer over the conterminous United
States (CONUS). Though cerf is demonstrated for the CONUS, the package can easily be
used in research ranging from regional to global analysis and is only limited by the input data
that it has been given.
cerf was originally published in Vernon et al. (2018) but was constrained in its ability to
be utilized and extended due to a set of dependencies in the core module which bound it
to a single version of an operating system which is now depreciated. The version of cerf
described in this publication represents a complete rebirth of the fundamental methodology
that was key to the original purpose of cerf. This package now replaces the original design
of wrapping a call to execute a pre-compiled C++ module with a Python-only approach that
does not have operating system specific requirements. Major advancements were made to
the performance of the software to enable cerf to be used in, and facilitate, large scenario
exploration and uncertainty quantification experiments. This effort has elucidated the internal
decision-making structure of cerf and allows users to control key parameters that influence
those decisions.
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Design and Functionality

We utilize a metric named Net Locational Cost (NLC) that is used to compete power plant
technologies for each grid cell based on the least cost option to site. NLC is calculated by
subtracting the Net Operating Value (NOV) of a proposed power plant from the cost of
its interconnection to the grid to represent the potential deployment value. Both the NOV
parameter which incorporates many technology-specific values such as variable operations and
maintenance costs, carbon price, heat rate, etc. and the interconnection cost parameter used
for both electricity transmission and gas pipelines are configurable per time step. All equations
used in cerf are described in detail in the documentation.
Only grid cells that meet technology-specific, on-the-ground criteria for siting are considered
in the competition. cerf comes equipped with pre-built suitability rasters for a suite of
technologies that account for barriers to siting such as protected areas, densely populated
areas, cooling water availability meeting minimum mean annual flow requirements, and much
more. The processing resolution of cerf is determined by the suitability data that is utilized
leaving flexibility for local analysis. For example, custom suitability rasters can be created by
the user to represent local barriers to siting that may not be generally captured at a regional
scale.
cerf is configured using a YAML file describing the input settings for the target model year
(see configuration documentation). Once the configuration file has been created, the run()
function is used to launch a process for each year that calculates the per grid cell and tech-
nology: annualized LMP using an 8760 hourly projection for each LMP zone, interconnection
cost, NOV, and NLC for grid cells meeting the prescribed suitability criteria. The desired
technologies within each region are then competed to determine the least cost placement of
each power plant for an electricity technology capacity expansion plan. When a grid cell has
been chosen for a power plant, the focal cell and a number neighboring cells as defined in the
configuration are no longer available for siting. The competition then resumes until all power
plants have been sited or until there is no longer suitable land available.
A Pandas DataFrame (McKinney, 2010) containing all siting information is returned as an
output from the run() function. The outputs provided by the model are described in the key
outputs documentation. These outputs can be directly used to initialize siting for a subsequent
year using the initialize_site_data argument available in the run() function. In this
way, we are able to manage the retirement and inheritance of power plants as the model
progresses through future years. It is important when using this feature to ensure that the
expansion plan only accounts for new capacity for technology vintage to avoid siting capacity
that may already exist in a previous time step.
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