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Overview of Synthetic Grids

Å Access to actual power grid models is often restricted. 

ï In the US detailed grid information is considered to be Critical 
Energy/Electricity Infrastructure Information (CEII)

Å Lack of access can be a particular concern with data analysis and 
visualization since its purpose is to provide insight into the model, 
including weaknesses

ïModels cannot be freely shared and even presenting results can be 
difficult

Å A solution is to create entirely synthetic 
(fictitious) models the mimic 

characteristics of actual models

Å ARPA-E has been supporting work in 

this area for about 8 years; 

An early pseudo-geographic grid



Real-World Complex Networks

Å A complex network is a large graph: 
collection of nodes (vertices) connected by 
links (edges) that represents some 

      real-world interactions

Å Examples: Interstate highways, movie co-
stars, brain neurons, water drainage, 
Facebook, airline routes, the internet, the 
power grid

Å Aspects of network structure provide insight 
for assessing system resilience and 
designing for greater robustness and 
efficiency

Å For each type of network, what network 
characteristics or metrics do they have in 
common with other types, and what 
characteristics are unique? What sort of 
network is the power grid?

Sources: American Airlines, Texas Water Development Board



The U.S. Electric Grid Network

Å Vertices: electric 
substations or circuit 
nodes/buses

Å Edges: transmission 
lines, transformers

Å Intuitive 
characteristics:
ï Carefully designed

ï Interconnected

ï Geographically 
constrained

ï Multi-level (MV, HV 
and EHV)

ï Robust to 
contingent outages

Source: EIA



Synthetic Grid Creation

Å Substation Planning
ï Start with public data for generation, 

load

ï Cluster substations, add buses, 
transformers

Å Transmission Planning
ï Place lines and transformers

ï Iterative dc power flow algorithm 

ï Match topological, geographic 
metrics

ï Contingency overload sensitivity

Å Reactive Power Planning
ï Power flow solution (ac)

ï Voltage control devices

Å Extensions

7

The overall approach for building these networks



Transmission Planning Approach

Å Key Considerations
ï Geography drives transmission 

planning

ï Network topology parameters

ï Power flow feasibility in base and N-1 
contingency conditions

ï Intractability: possible branches is ὲ, 
possible combinations of branches is 
intractable

ï Many competing metrics to meet 

ï Large grids have many overlapping 
voltage networks that connect at 
substations

ï Consideration of contingency 
conditions increases computation 
even more

ï Manual adjustments grow with system 
size

Å Outline of Approach
ï Reduce search space from ὲ to ςρὲ 

with Delaunay triangulation (up to 3rd 
neighbors = 99% of lines)

ï Geographic constraints by voltage 
level

ï Depth first search to check 
connectivity 

ï Dc Power flow base case and N-1 
contingency analysis, determine 
sensitivity of candidate lines to 
contingency overloads

ï Iterative process of random removal, 
analysis, targeted addition for each 
same-voltage subnet
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Stages of Transmission Planning Process
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(1) The starting point is 

the geographic 

placement of 

substations

(2) The grid is initialized 

with a random subset of 

1.2n of the 21n candidate 

transmission lines

(3) After 100 iterations 

of random removal 

followed by targeted 

addition, the grid begins 

to match more 

geographic and 

reliability constraints

(4) After 10,000 

iterations, nearly all 

reliability and 

geographic constraints 

are met together.


