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EMT Initiative - WG3: Solvers Working Group
Scope & Objectives

Advance solver technologies and architectures for electromagnetic transient (EMT) simulation to address 
slowness of simulations and limited scalability of such simulations, with emphasis on near real-time studies of 
large-scale power grids comprising tens of millions of nodes and millions of inverters.
Research Focus

1. Structure-aware solvers to optimize solve

2. DAE properties-based optimization of integration

3. CPU, GPU, and multi-node parallelism

4. Approximate solves

5. Multi-timestep solves

6. AI-based methods
Impact

Speedup; Automation; Parallelism; Extensibility; Scalability; Intelligence
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The heart of EMT solution: Matrix solve

Question for WG

Can we use properties of the power system 
to solve this matrix efficiently – reducing 
time for linear solve?

𝑀𝑀𝒙̇𝒙 = 𝒇𝒇 𝒙𝒙,𝒖𝒖, 𝑡𝑡
0 = 𝒈𝒈 𝒙𝒙,𝒖𝒖, 𝑡𝑡

Discretization Linearization

0 = 𝒇𝒇𝒇𝒇 𝒙𝒙,𝒖𝒖, 𝑡𝑡
0 = 𝒈𝒈 𝒙𝒙,𝒖𝒖, 𝑡𝑡 𝐴𝐴 𝒙𝒙 = 𝒃𝒃

Solve

EMT DAEs Non-linear equations Linear system of 
equations

Results

Switching 
hybrid analog-

discrete 
systems

Discrete non-
linear systems

Structure-
specific 

formation

No. of Inverse Required = EMT 
needs these at every time 
step,  1s simulation with step 
of 1µs is 1 million inverses
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Structure in Matrices BD Matrix

Matrix Structure based on the network topology

Power system 
topology results in 

different matrix 
pattern

BBD Matrix

NBBD Matrix

General Sparse Matrix

Intelligence Block

BTD Matrix

• Block Diagonal (BD)
• Bordered Block Diagonal (BBD)
• Nested Bordered Block Diagonal (NBBD)
• Block Tri Diagonal (BTD)
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Structure-aware runtime path for EMT sparse linear systems

BTD solver 
path



6

Thank You
Acknowledgement: The authors thank U.S. Department of Energy (DOE) Office of Electricity (OE) Advanced Grid Modeling (AGM) and the EMT initiative for their 
invaluable guidance and kind support in this work!

Legal Disclaimer: This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily 
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