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Article

The Role of Firm Low-Carbon Electricity
Resources in Deep Decarbonization of Power
Generation

Full decarbonization of the electricity sector is critical to global climate mitigation.
Across a wide range of sensitivities, firm low-carbon resources—including nuclear
power, bioenergy, and natural gas plants that capture CO2—consistently lower the
cost of decarbonizing electricity generation. Without these resources, costs rise
rapidly as CO2 limits approach zero. Batteries and demand flexibility do not
obviate the value of firm resources. Improving the capabilities and spurring
adoption of firm low-carbon technologies are key research and policy goals.

Nestor A. Sepulveda, Jesse D.

Jenkins, Fernando J. de

Sisternes, Richard K. Lester

nsep@mit.edu (N.A.S.)

rklester@mit.edu (R.K.L.)

HIGHLIGHTS
Firm low-carbon resources
consistently lower decarbonized
electricity system costs

Availability of firm low-carbon
resources reduces costs 10%–62%
in zero-CO2 cases

Without these resources,
electricity costs rise rapidly as CO2

limits near zero

Batteries and demand flexibility
do not substitute for firm low-
carbon resources

Sepulveda et al., Joule 2, 1–18

October 17, 2018 ª 2018 Elsevier Inc.

https://doi.org/10.1016/j.joule.2018.08.006

Enhanced Decision 
Support for a Changing 
Electricity Landscape:

An MIT Energy Initiative Working Paper

November 27, 2017

Revision 1.0

MIT Energy Initiative, 77 Massachusetts Ave., Cambridge, MA 02139, USA
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The GenX Configurable 
Electricity Resource Capacity 
Expansion Model
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Application Example: Technological Pathways 
to Deep Decarbonization in Electrical Networks

Original 2017 GenX Model:

Initial Policy Insights:

Improved Decomposition-Based Model:
Multi-year, high-resolution, stochastic and detailed.  
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D-Optimal Experimental Design:
Standard SDP + Exp-Cone v/s Log-Det-Cone

Methodology Example: The Hypatia.jl Interior 
Point Solver for Convex Conic Optimization
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forward-, reverse-, and mixed-mode automatic differentiation primitives for Julia Base + StdLibs

# julia # automatic-differentiation # forward-mode # reverse-mode # mixed-mode

src Change Cholesky to use `Composite` (#164) 3 days ago

test Change Cholesky to use `Composite` (#164) 3 days ago

.gitignore Add documentation setup (#4) 10 months ago

.travis.yml remove docs (moves to ChainRulesCore) 11 days ago

LICENSE.md init 15 months ago

Project.toml Change Cholesky to use `Composite` (#164) 3 days ago

README.md Switch to Blue Style (#165) 5 days ago

 README.md

ChainRules
buildbuild passingpassing  coveragecoverage 84%84%  PkgEvalPkgEval failingfailing  code stylecode style blueblue

Docs: docsdocs mastermaster  docsdocs stablestable

JuliaDiff / ChainRules.jl

Join GitHub today
GitHub is home to over 40 million developers working together to host

and review code, manage projects, and build software together.

Dismiss

Sign up

 216 commits  25 branches  0 packages  12 releases  14 contributors  View license

 master New pull request Find file Clone or download 

 Change Cholesky to use `Composite` (#164)  2 Latest commit fee130d 3 days agonickrobinson251 …

ChainRules.jlCassette.jl

ForwardDiff2.jl

Modeling Language and Software Ecosystem for 
Mathematical Optimization

Cyberinfrastructure, Tools and 
Software Ecosystem 

Next-Generation Automatic Differentiation Tools:

Beyond “Single-Use” Tools

Goal: Tools that are performant, accessible, composable, flexible and adaptable.

Consequence: Serendipitous combination of tools by third parties. 

Example: https://matbesancon.github.io/post/2020-01-23-discrete-diff/

Differentiating the discrete: 
Automatic Differentiation 
meets Integer Optimization

ConstraintSolver.jl
+

ForwardDiff2.jl

A Highly-Configurable Open-Source Primal-Dual Generic 
Conic Solver 
• Based on homogeneous self-dual embedding and written in pure Julia:

§ Generic Cones through Bring Your Own Barrier interface
§ Flexible direct/indirect linear system solves
§ Multi-precision and complex numbers   
§ Large number of native cones allow for small natural formulations

Multi-precision Arithmetic:

Sum-of-Squares++ for Shape Constrained Regression
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https://matbesancon.github.io/post/2020-01-23-discrete-diff/

