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Abstract—Effectively communicating the behavior of an elec-
tric grid is an important pursuit in education, research, and
industrial applications. This paper presents considerations for
visual storytelling as a means for interpreting and communicating
the behavior of the grid for simulations ranging in duration
from seconds to days. By framing the issue of communicating
the vast amounts of data associated with wide-area transmission
grid operation as a story to tell, those tasked with presenting this
data are encouraged to consider what makes an effective story
and, in turn, create compelling and understandable stand-alone
narratives. Demonstrations are presented for cases of various
scales including a 37-bus case, a 2000-bus case, and a 24,000-
bus case. Narrative techniques including non-linear time and
alternative path storytelling are shown.

Index Terms—wide-area electric grid visualization, electric
grid simulation, storytelling

I. INTRODUCTION

The large-scale grids that supply electricity to much of the
world are some of the largest and most complex machines ever
created [1]. An ongoing engineering challenge is to analyze,
understand, control, and explain their operation to a variety of
different audiences. To partially address these challenges, over
the years, a number of different power system visualization
techniques have been presented with some of these summa-
rized in [2]. Certainly many of these techniques are useful and
are now widely applied. However, power systems visualization
is challenging, partially because of the variety of information
that needs to be presented, the size of the systems, the lack of
a way to naturally “see” an electric grid, and the sometimes
proprietary nature of information about the grid.

Also electric grid visualization shares a challenge with
general information visualization, which as noted in [3] is that
while there has been much progress in developing techniques
to work with large amounts of data, solid knowledge about the
best ways to present and communicate data is still lacking. Or
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as noted in [4], while much has been done to develop sophis-
ticated visualization tools, when such tools are demonstrated,
it is not unusual to get feedback such as, “fancy visuals, cool
interactions, but what does this mean?”

To address these shortcomings there has recently been a
large amount of interest in what is commonly called visual sto-
rytelling [3]–[8]. While the term “storytelling” often invokes
its colloquial meaning of orally communicating a story, more
broadly it is defined to encompass a variety of different means
of presentation, including the video visualization approach
considered here. Then, as noted in [7], stories have long been
used to entertain, educate, and instill moral values in a way that
presents information in a compelling manner. This is exactly
what is desired with information visualization. Here from a
visualization perspective a story can then be defined broadly
as an ordered sequences of steps, with an emphasis here
on the visualization steps [3]. Recent examples of scientific
visualization stories include [9]–[12].

Of course stories have been widely used in the electric
power industry, with applications ranging short stories infor-
mally shared usually verbally between practitioners, some-
times to entertain and sometimes to educate, to much longer
stories that are usually written and are sometimes designated
as reports or articles. For instance, [13] tells the story of the
August 14, 2003 black whereas [14] presents the story of
when the North American Eastern and Western grids were
interconnected. However, stories could also be much shorter
and expressed mostly or entirely as visualizations. For example
[15], which describes the FNET systems, also mentions quite
short computer animations that tell the story of how a fre-
quency disturbances propagates through an electric grid (with
more recent FNET-based animations available at [16]) while
[17] presents how movies can be created for utility control
room usage to tell how the system changes over time, [18]
describes how computer simulations with oral commentary can
tell the story of electric grid operations, and [19] presents the
use of animation to describe study results.

The focus of this paper is to present case study consid-
erations of how storytelling can be used with visualization



of the electric grid transmission operations over time periods
ranging from seconds to days. The next section provides
background on the techniques used in developing these stories
and the associated case study grids. The following section
then presents the case study results with the resultant videos
available at [20], whereas the last section provides directions
for future work.

II. BACKGROUND

When applying storytelling to transmission operations there
are a number of issues that need to be addressed. The first
is the source of the information that is used to create the
story. This can include historical information about actual
electric grid operation, simulations done using models of
actual electric grids, or simulations using models of synthetic
electric grids [21]. Of course what is displayed depends on
the application, and the different sources would have different
amounts of data that could be used to develop the story. Here
the case studies are presented using three synthetic electric
grids: 1) the 37-bus one from [22] with its oneline shown in
Figure 1, 2) the 2000-bus (2K) grid from [23] (Figure 2), and
3) the 24,000-bus (24K) grid from [24] (Figure 3).

The second issue is the intended audience. Example audi-
ences could include utility managers who want a summary
of the operation of their grid from the previous day, control
room personnel who want a summary from the previous shift,
engineers presenting study results or describing the behav-
ior of a particular control system, policymakers, engineering
educators who wish to explain the operation of the grid,
researchers, or the general public education. In designing the
stories the different degrees of familiarity of the audience with
the material would, of course, need to be considered, as well
as their different information requirements.

Fig. 1: 37-Bus System Oneline

The third issue is the story synthesis, which involves first
creating story slices, defined generally as an information
construction obtained from the original data, and then ar-
ranging the slices into the full story [4]. For example, if the
desired story is to show the operation of the 37-bus grid over
the course of a day sampled at 15-minute intervals, story
slices might include some text-based images summarizing the

Fig. 2: 2000-Bus (2K) System Oneline

Fig. 3: 24,000-Bus (24K) System Oneline

operation of the grid over the day, some traditional graphs
with time on the x-axis such as shown in Figure 4, and then
perhaps some time sequence animations visualizing the grid
using some of the techniques described shortly.

Fig. 4: 24 Hour, 37-Bus Case Voltage Variation

How the animation story slices are presented depends upon
the application. One approach is to use the traditional uniform
time, constant camera angle such as used in [15]. However,
in many applications it is better to use the importance-driven
approach of [25], [26]. As is common in many domains, with
electric grid operations how the data changes temporally and
spatially can vary dramatically. This is evident in Figure 4, in
which during some time periods the voltage variation is minor,
whereas during others (corresponding to generator outages
here) the variation is substantial. Hence, when animating this
data, a non-linear time scale may be preferred.



TABLE I: 37-Bus 24 Hour Operation Story Narrative

Story
Slice Story Element Block Purpose Approach Duration

(s)
1 Introduction to the 37-bus 24 hour operation Provide education on this narrative technique Text description 5
2 Introduction to the 37-bus grid Show system element information System diagrams and tables are presented 5
3 Scenario description Introduce scenario and key events Charts and text are used to provide a scenario overview 10

4 Animation of voltage contour (linear time) Show system behavior through a voltage lens Voltage contour on system diagram, jpeg snapshots
are presented linearly 12

5 Animation of voltage contour (non-linear time) Show system behavior through a voltage lens,
emphasizing the peak load period

Voltage contour on system diagram, jpeg snapshots
are presented non-linearly 20

6 Pseudogeographic mosaic display (PGMD) animation Show system with a line loading lens PGMD jpeg snapshots presented linearly 12

What information is shown, and how it is shown is also
an important consideration. With the focus here on wide-
area transmission grid operations, over the years a number
of different approaches have been developed that build on the
tradition oneline. Early approaches include the use of dynamic
sizing of grid elements, transmission line flow animation,
the use of zooming and panning, contouring of electric grid
information, and the use of alpha-blending to emphasize
portions of the electric grid [27]–[30]. More recently these
approaches have been supplemented with newer ones such as
the use of geographic data views to leverage the geographic
information now included in many grids [31]–[34]. The next
section demonstrates how some of these techniques can be
used in storytelling on grids ranging in size from 37 buses to
24,000 buses.

III. EXAMPLE GRID CASE STUDIES

A. Information Sources

The grids used in these case studies rely on synthetic time
series to create a story of realistic fiction. The load time
series are generated according to [35], in which the time
series are created on a bus-level based on the geographic
location and the load bus composition ratio (the ratio of
the load which are residential, commercial, and industrial
demands). The renewable generation time series is developed
by leveraging the generators’ geographic locations and the
solar and wind resource data made available by the National
Renewable Energy Laboratory (NREL) [36], [37].

B. Intended Audience

The intended audience of the 37-bus and 2,000-bus grid
stories are people with a power systems background. That
is, the audience will have an understanding of power system
concepts such as how to read a oneline diagram, power
flows, voltages, and the various elements of power systems
(i.e., loads, generators, shunts, etc.). We are assuming that
the audience is not yet familiar with the grids presented in
the 37-bus case study. The audience of the 2,000-bus case
study is assumed to be somewhat familiar with the case. The
intended audience of the 24,000-bus grid story is people with
a very basic knowledge of power systems. The story told with
the 24,000-bus grid example is designed to be understood
by members of the public with limited knowledge of power
system elements.

Thus, in telling the story of each grid, it is important
to introduce the electric grid, its components and typical

operation, a timeline of key events, and the impact of these
events. The following sections provide the additional details
to the storytelling of each case and the corresponding videos
are available at [20].

C. 37-Bus Grid Story Synthesis

Each story is comprised of various chapters, or “slices,”
that present the narrative blocks of the story. These story
slices may be stitched together using video editing software. A
variety of techniques can be used to organize these slices in the
preparation of a narrative such as yarn diagrams [38], charts, or
tables. Table I presents the organization of the narrative blocks
for the 37-bus example, their purpose within the complete
narrative, the approach used to create the visuals in the movie,
and the display duration.

The first slice of the story is an introduction to the narrative.
This block provides big-picture motivation for the case study
and a high-level overview of what the story will show. The
37-bus grid case provides a small grid as a demonstration of
this narrative technique.

The next story element introduces the audience to the 37-
bus grid. As the audience is assumed to have no experience
with this case, background information on grid elements and
topology are provided. Given the audience is assumed to
be people in the field of power systems, it is reasonable to
present this information without defining typical field-specific
vernacular. This slice presents the composition of this grid.

The third story element sets the scene by providing an
overview of the scenario. This story presents “37-Bus 24 Hour
Operation,” in which the grid is operated over 24 consecutive
hours on a late-summer day with no major events. During this
simulation, grid operation on a normal day is presented; the
loads and generation dispatch change on an hourly basis.

When analyzing the results of operation or study, there are
a variety of possible lenses of interest including voltage levels,
generation dispatch, and line loading. In order to effectively
communicate the story of each perspective, various story
element blocks may be used. This narrative highlights the
voltage level and line loading over the 24-hour period of study.
The fourth story slice shows a time lapse of the voltage contour
over the duration of the study in which each hour of simulated
operation is depicted as a 0.5-second frame within the video.
The next story slice depicts the voltage contour over the
same period of study, but presents it in non-linear time. This
demonstrates another narrative technique in which uneventful
time periods are glossed over such that more emphasis can be



TABLE II: 2,000-Bus Line Switching Story Narrative
Story
Slice Story Element Block Purpose Approach Duration

(s)
1 Introduction slide Provide education on this narrative technique System diagrams and tables are presented 4

2 Introduction to the 2,000-bus case Show high-level view of system and its geographic site Oneline diagram emphasizing 115-kV and 161-kV networks,
indication of region of study 5

3 Scenario description Introduce contingency and resulting overload Charts and text are used to provide a scenario overview 5
4 Beginning of day Show system behavior during an uneventful start of the day Zoomed view of oneline with power flow and line loading shown 13
5 Post-contingency with “do nothing” approach Show line overloads with no corrective actions Zoomed view of oneline with power flow and line loading shown 13
6 Post-contingency with corrective line switching Demonstrate alleviation of overload with line switching Zoomed view of oneline with power flow and line loading shown 13
7 Impact of corrective actions Quantify the impact of corrective actions in this scenario Text and tables showing a comparison of costs for each scenario 5

placed on periods of interest. In this example, the contour from
the hours of 12:00 AM to 2:00 PM are shown for 0.25 seconds
each. The peak hours (2:00 PM to 6:00 PM) are depicted
with more granular time steps of 15 minutes, each shown for
a duration of 0.5 seconds. Once the period of interest has
passed, the view of the case returns to showing the frames for
0.25 seconds each.

The sixth story slice within this narrative showcases the line
loading over the course of the system operation simulation.
The visualization technique of pseudo-geographic mosaic dis-
plays (PGMDs) [39], in which mosaic tiles represent branches
within the system, is used. These tiles are colored according to
the line loading and are placed in a pseudo-geographic manner
which allows them to be displayed with approximate positions
to maximize the use of display space. The PGMDs are used to
show the congestion pattern of the grid over the course of the
simulation and to demonstrate another storytelling technique.

D. 2,000-Bus Grid Story Synthesis

The story elements in the 2,000-bus grid are summarized
in Table II. This story’s purpose is to demonstrate the use
of line switching as a corrective action. The story compares
two possible story lines to demonstrate two possible responses
to the branch overload. The first response involves a “do
nothing” scenario in which no corrective action is taken and
the second is the use of corrective line switching to mitigate
branch overloads which occur as a result of the outage.

The first three slices introduce the story, case, and scenario,
respectively, as in the previous example. The 2,000-bus case
is presented using a oneline diagram with emphasis on the
branches of the voltage levels central to the plot in this story
(115 kV and 161 kV). As the movie itself focuses on a narrow
subregion of the system, this is indicated on the system oneline
diagram with a red box. The scenario information notes that
this study was performed during a mid-summer day. A chart
is included to illustrate the relatively high system loading as
well as the pattern that the system loading follows over the
course of the simulation. The contingency is presented via
text and an annotated diagram and the resulting line overload
is noted. The two paths followed in the story are presented: a
do-nothing scenario, and a scenario in which line switching is
used as a corrective action to alleviate congestion in the case.

The fourth story slice depicts the events of the day preceding
the line outage using a close-up view of the oneline diagram
to show the line status, line loading, and flow of power in the
subregion of the system. As the portion depicted in this story
slice is uneventful, a time step of 5 minutes is employed and

Fig. 5: Frames from the 2000-bus line switching narrative slice
5 (top) and slice 6 (bottom).

a frame rate of 12 frames per second (fps) was selected for
this slice in the movie. The line outage occurs at 1:15 PM in
the simulation and a resulting overload of a 115-kV line is
promptly observed.

The fifth slice picks up the story from the time of the
contingency. Text is shown on the display to indicate which
of the alternative scenarios is being shown. No corrective
action is applied and overloads are indicated on the line
loading pie charts. The simulation plays out for the remainder
of the day. The sixth slice returns the story to the time of
the contingency. Text is shown on the display to indicate
which of the alternative scenarios is being shown. The line
switching corrective action is applied 5 minutes later (1:20
PM). The action is shown to have eliminated the overload.
The simulation plays out for the remainder of the day. Figure
5 shows frames from narrative slices 5 and 6.

The seventh story slice presents the impact of the results of
the corrective actions by presenting a cost comparison of the
operational costs associated with grid operation over the course
of the day in the do nothing scenario and the line switching
scenario. The line switching corrective action is shown to
reduce operational costs.

E. 24,000-Bus Grid Story Synthesis

The story elements in the 24,000-bus grid are summarized in
Table III. This story’s purpose is to demonstrate the impact of



TABLE III: 24,000-Bus Contingency Story Narrative
Story
Slice Story Element Block Purpose Approach Duration

(s)
1 Introduction slide Provide education on this narrative technique System diagrams and tables are presented 5
2 Introduction to the 24,000-bus case Show system element information Voltage levels and generation charts, description of grid 5
3 Scenario description Introduce contingency and resulting overload Charts and text are used to provide a scenario overview 5
4 Beginning of day Show system behavior through line loading and voltage lens Substation GDVs colored by primary fuel type, sized by MW dispatch and voltage contour 24
5 A high load day normal operation Show system behavior in a normal situation Zoomed view of line loading and voltage contour in Michigan 11
6 A high load day and stormy weather Show system behavior in an important line outage situation Zoomed view of line loading and voltage contour in the impacted area 11
7 Impact of outage Quantify the impact of outages Text and tables showing a comparison of each scenario 5

an event such as lighting that causes a transmission line outage
in a high-load day. The story compares two possible story
lines to demonstrate two possible scenarios with and without
the outage. The first slice of the story is an introduction to the
narrative. This block provides big-picture motivation for the
case study and a high-level overview of what the story will
show. The 24,000-bus grid case provides a very large grid as
a demonstration of this narrative technique. The next story
element introduces the audience to the 24,000 bus grid. The
story is intended to be understandable for people with basic
knowledge of power systems.

The first three slices introduce the story, case, and scenario,
respectively, as in the previous examples. The 24,000-bus case
is presented using a oneline diagram with emphasis on the high
branches with zooming on Michigan state and emphasizing on
345-kV transmission lines to show overload due to the 345-
kV line outage at 4:16 PM in Michigan. As the movie itself
focuses on a narrow subregion of the system, this is indicated
on the system oneline diagram with a box. The scenario
information notes that this study was performed during a high-
load mid-summer day. A chart is included to illustrate the
relatively high system loading as well as the pattern that the
system loading follows over the course of the simulation. The
outage is presented via text and an annotated diagram and the
resulting line overload is noted. The two paths followed in the
story are presented: a scenario of normal system operation and
a scenario in which line outage happens.

The fourth story slice depicts the operation of the grid at the
beginning of the day preceding the line outage using a close-
up view of the oneline diagram of Michigan to show the line
status, line loading, and flow of power in the subregion of
the system. As the simulation depicted in this story slice is
uneventful, a time step of 8 minutes is employed and a frame
rate of 5 fps was selected for this slice in the movie.

The fifth slice continues the story, depicting a timeline in
which no outage occurs. Text is shown on the display to
indicate which of the alternative scenarios is being shown. The
sixth slice returns the story to the mid-afternoon. The 345-kV
line outage occurs at 4:24 PM in the simulation and a resulting
several overloads in the system, indicated on the line loading
pie charts. Text is shown on the display to indicate which of
the alternative scenarios is being shown. The simulation plays
out for the remainder of the day. Figure 6 shows frames the
scenarios presented slices 5 and 6.

The seventh story slice presents the impact of the outage
by presenting a cost comparison of the operational costs
associated with grid operation over the course of the day in
the normal scenario and the line outage scenario.

Fig. 6: Frames from the 24,000-bus contingency story narrative
slice 5 (top) and slice 6 (bottom).

IV. SUMMARY AND FUTURE WORK

The use of storytelling as a means of communicating data
from electric grids is motivated by the need to communicate
the results of studies involving lots of data to various audiences
in a compelling manner. By framing the issue of commu-
nicating the vast amounts of data associated with wide-area
transmission grid operation as a story to tell, those tasked
with presenting this data are encouraged to consider what
makes an effective story and, in turn, create compelling and
understandable stand-alone narratives.

Storytelling approaches are demonstrated on 37-bus, 2000-
bus, and 24,000-bus grids. These videos are available at [20].
The 37-bus grid story presents a small test case demonstrating
a day of uneventful operation with the intention of demon-
strating visualization techniques including the use of onelines,
contours, and mosaic displays to an audience with basic power
system knowledge, but no system-specific knowledge. The 37-
bus story featured a technique of storytelling in linear and
non-linear time.

The 2,000-bus story presents a larger case to demonstrate
the impact of line switching as a corrective action. This
story highlights the storytelling technique of alternate path
storytelling by setting up two alternative story paths to show
the grid’s behavior with different operator approaches. This
shows “what would have happened if” the operator performs
or does not perform corrective actions.



The 24,000-bus story shows the impact of a high voltage
345-kV line outage on a very large grid. This story compares
two operational scenarios: a normal high-load day without any
outages, and a scenario with a line outage, to highlight the
impact of a line outage on the other line loadings in the system.

This work introduces the concept of storytelling to the
domain of power systems. Future work includes additional
automation in the story creation process.
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