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What is data visualization?

Data viz is storytelling.

What is my story? What do | want to say
with the data”?

Anticipating what the user wants to know.

Too much detail gets in the way of the
story.

Or, data viz is “choose your adventure.”
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Theory of data visualization

Who - what — how

Who is your audience? |
cole nussbaumer knaflic
What do you want them to know?

storytelling
with

Explanatory vs. Exploratory d ata

Do you want to explain specific

How can you best reach them?

a data

findings, or let the audience PO i
iInterrogate your data with their g el

professionals

own questions?

WILEY

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy



Telling a specific story (explanatory)
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Berkeley Lab wind data on “Specific R ==

BERKELEY LAB

POWe r” What is Speciflc Power? Specific Power and Generator Capacity and
400

A wind turbine’s specific power is the ratio of
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https://public.tableau.com/app/profile/berkeley.lab.emp/viz/LBWMRWhatisspecificpower2024/SpecificPowerDB
https://public.tableau.com/app/profile/berkeley.lab.emp/viz/LBWMRWhatisspecificpower2024/SpecificPowerDB

The user asks questions (exploratory)

EIA Electricity Data Browser
x. Way too much information to tell
one story — choose your own!
2. Many choices and filters
2. Formats: time series, columns,
maps

< Electricity Data

Electricity Data Browser

Explore the new Beta version with expanded plant level data for water cooling and emissions.

Change data set View a pre-generated report

OR
[ Total consumption v ‘ ‘ Choose a report v
Total consumption : natural gas : independent p prod s Feb 2022

Map controls & legend

VALUE OPTIONS: Growth
=
2022

Change data set View a pre-generated report

OR

‘ Net generation V‘ | Choose a report v

Y FLTER/ORDER ~ | [B] ANALYSIS ~ M Column | ® Map ? Hewp
Jan 2001 Mar 2025
m = API [1'Y a Annual = Quarterly m

4 DOWNLOAD ~

&
_ B Anawsis ~ Time-series &1 Column m
P Play C  Reset
5 ANCEL
ORDER BY (choose one) THEN BY (choose one or more) THEN BY (choose one or more)
thousand Mcf
FUEL TYPE SECTOR GEOGRAPHY
0o 195,334
Check all | Uncheck all Check all | Uncheck all
Ocoal 0 Al sectors ) Unifed States a
) Petroleum liquids (] Electric power New England Value is not available
Rotcal L [ Electric utility Connecticut
Independent Maine
power producers (") Massachusetts
) Electric utility ) New Hampshire

noncogen () Rhode Island

[ Electric utility (] Vermont 1
Middle Atlantic s
) All commercial () New Jersey B
Commercial non- [ New York
cogen [ Pennsylvania ‘3
[C) Commercial East North Central &
cogen [ tlinois B
] All industrial () Indiana
O industrial non- () Michigan 1
cogen () Ohio
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https://www.eia.gov/electricity/data/browser/

Basic rules of data viz (Edward Tufte)

Use standard units and scales
within a ﬁgure EDWARD R. TUFTE

Be as simple as possible, “use VISUAL EXPLANATIONS
Ink for data not decoration,” in
the least space

Put data in context

Use color as a narrative

element
Use the right amount of data to e e
te” your Story IMAGES AND QUANTITIES, EVIDENCE AND NARRATIVE

Don’t distort data — “Graphics
reveal data”
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Making effective choices

Charts & graphs

Maps

=

Dashboards

7 VR e
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Charts & Graphs: Simple

Line charts

Bar charts
Scatter plots
Pie charts
Column charts
Treemap charts
Heatmap charts
Pareto charts
Geo charts

Waterfall charts

G

Donut chart
Funnel chart
Bubble chart
Histogram
Candlestick chart
Area chart

KPI charts
Scatter maps
Sankey charts

Radar charts

45% —

.40% . 50%

£ o7 L @@
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25% 65% 35%
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Charts & Graphs: Multidimensional

US Annual and Cumulative Capacity Additions (MW)
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Charts & Graphs: Very Multidimensional

Annual Capacity Additions (GW,¢) Solar Capacity Additions (% of Total)
60 . Utility-Scale Solar (>1 MW) Fistai Scisr 3
~ Distributed Solar (<1 MW) (right axis) \ ; 50%
50 = Wind Utility-Scale e
» Other RE Solar
40 = Storage (right axis) 40%
© Other non-RE
m Gas 30%
30 = Coal
20 20%
10 10%
o ™ o ..,-i""'#- Distributed Solar (right axis)
0 SR S 0%
2007 2008 2009 2010 2011 20122013 2014 20152016 2017 2018 2019 2020 2021 2022 2023
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Use of color and texture
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Use of color and texture

Solar Capacity in Queues at Year-End (GW)
300
Striped portion indicates the amount of capacity proposed as part of a hybrid plant
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Use of color and texture

Solar Capacity in Queues at Year-End (GW)

Striped portion indicates the amount of capacity proposed as part of a hybrid plant
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Many more options... Heatmaps

@ GasBuddy  Find Pay with

Plan Your Blog &

\ T
Podcasfq

Lethbrid
ethbridge

Seattle
o
Tacoma
o

o
Olympia

Last Updated: May 22, 2025 17:50

Displayed SCED prices are the sum of:

. LMPs
= On-Line Reserve Price Adder

= On-Line Reliability Deployment Price Adde

Hover over points to view details.

Real -Time Price Adders

On-Line Reserves $0.00
0ff-Line Reserves $0,00
Reliability Deploymen#0.00

= $5,000. 00
< $3,000.00
= $2,000.00
< $1,000. 00
< $500. 00
< $250.00
< $200.00
< $1390. 00
< $180.00
< $170.00
< $160.00
< $150.00
< $140. 00
< $130.00
< $120. 00
< $110.00
< $100.00
< $390.00

< $80. 00

< $70.00

< $60.00

< $50.00

< $40.00

< $30.00

< $20.00

< $10.00

< $0.00

< $-10.00
< $-20.00
< $-30.00
< $-40.00
< $-50.00
< $-100.00
< $-250. 00
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Be careful about texture

2. Can be very messy, harder to

read, create optical illusions N\
v Especially bad for small or E
crowded figures t!
2. Color is almost always better, " /

WA AS AN NNT Ry
NN S R R N N N

especially for on-screen
display
. Some good uses

+ Showing the difference between
actual and forecast

+ Binary things: data points that are
in or out of a set

Jan Feb Mar Apr May Jun Jul Aug Sep

== z 17
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LLNL’s Sankey diagram (flowcharts)

v 1 93. M Lawrence Li
Estimated U.S. Energy Consumption in 2023: 93.6 Quads L oo Latl)voe&noo&e

Net Electricity
Imports

Energy
615

Energy
Services
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https://flowcharts.llnl.gov/

Maps: simple

.
Air condltlonlng consumption per household (MMBtu)
VBHCUUVEF .
" Seattle ‘ L' | ""_:f.;.sj;:ffor
N j\ Lﬁk.. ~ B ' J ﬂ jt,'/ h Ottawa ?
1 I < “'1 Toronto 1 ]J / Mf.

Detroit ‘1"' " ! Bo§tqn

X Denver e Ph|ladelph|a
< Washmgton
San =
Francisco
]
k"l?

Los Angeles

R

Gulf of

Monterrey America
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Maps: multi-dimensional

Capacity in the Interconnection Queue

NYISO
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chiso = 200 300 0 S 100
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|
0 ERCOT = 200
300 O 100
Solar % <00 Samy
B Wind 108 j |
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M Gas
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Maps: very multi-dimensional

Solar Value for Projects larger than 1MW in 2023

Project Capacity
(1-586 MWac)

B ]
0 25 50 75 100 0 5 10 15 20 25 30
2023 Energy + Capacity ($/MWh) 2023 Solar Penetration (% of Annual Load)

E”‘l s ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ENERGY MARKETS & PoLICcY



Utility-Scale Solar: Value by Project -

Energy, Capacity, and Total Value in $/MWh, 2012-2023 reecer |
Source: Berkeley Lab, Wtility Scale Solar 2024

Combining Maps and Graphs

Prices in wholesale electricity markets vary by time and location. The wholesale value of a solar project can be estimated based on its
energy and capacity value (where capacity markets of requirements exist). We estimate those values based on the output profile and
location of the project, and how those characterstics interact with local wholesale energy and capacity prices and rules.,

This dashboard shows an annual average of total market value (energy + capacity) for solar projects, in 2023 dollars per megawatt-hour, by
year and by ISO or balancing area, The ISO designations for each projoct are taken from EIA Form 860, and may not match current borders
of ISOs on the map,

Berkeley Lab solar value ot s S Se 204, 5 s

R 0 | Value (S$/MWh)

) Energy Value

) Capacity V
s =T ) ®) Total Valve

v, Filters affect both map and charts
v, Can select by energy, capacity, S

Emergy Value ($/M'wWh)

_75&}\. .& J Capacity Yalue ($/MWh)
total value, project size, geographic Rl o

Total Value ($/MWh)

area, and year

rJ73
v Can tell different stories to different N P i
u Se rS Balancing A»-ca ° kR -._.,0..“_] ) Oudack Copacity 800
¥ s - G r— .
- e
- ‘E!.\l‘.a.*-:"Q Area

E ?'..l'.t
= |
L o Year of Value

o—-' : _-— $
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https://public.tableau.com/app/profile/berkeley.lab.emp/viz/USS2024Value/2tab

The classic combination: Napoleon’s march on Moscow
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Dashboards

For tracking progress or
showing current status

Often static, without filters

Often updated automatically
through API (application
programming interface)

ki
= w s ENERGY TECHNOLOGIES AREA

New England Dashboard

1 ARCHVED REPORT

© O

+ Sources & Uses  + Topics

+ Geography

OVERVIEW ELECTRICITY | NATURAL GAS | PETROLEUM COMMENTARY ) Print dashboards  (7) Tako & Tour

.
, 2.43
58.80% bbb

+ Tools =+ Education + News 0O

England

t per day (Beotid)

T 1]
May May
.

©® clectricpower @ industrial @ residentialicommercial

2.94 8f/d 0.70 Bcf/d
Demand Demand change
5/21/2 5/21/25 S in Ci
5/21/25 / Regional pipeline ‘5"1910:‘3”'" Citygate)
utilization e
HOL S JOw 4
Daily natural gas consumption by sector in New Daily deliveries of liquefied natural gas in New
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sbic feat per day (Betid)

n
005
T I T T | T
7 May May \ay My Vay May
"
- 2025 - 2024
w— 2020-2024 average 2020-2024 range
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Interactivity: when, why, and how

Exploratory - Let your user tell their own stories
Explanatory - Tell multiple stories using filters

Key features: Filters, mouseovers, data downloads

Not good for print. Okay for presentations. Best for online.

Can allow for greater complexity

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy
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Compare the fuel cost of gasoline and electric vehicles

Key aspects of interactivity P e ol OO e i
= | o
Filters — select a subset of data to tell C — m; ot
a more specific story (EV/gas tool) Owemsii  C
Mouseovers — pop-up of information IR EEERN | vz oo oteto oo macerccar o

Fuel cost per mile for gasoline vehicle
mpg- 25 Fue

Fuel cost (¢ per mile)

I cost: $5.20 per gal

about that data point

Linked figures - Maps & charts
change together

Br mile for electric vehicle
eenaive Lhge (3 mifkwn)
Summer, Bright Cholce, Off-peak
oy resol

Non- Wi res

URL links - link to sources

3

IHinois
o of Map: Type of Plan

Ava

Downloads — images, crosstabs,
data

Integrated grid plan Fuel cost (¢ per mile)
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https://public.tableau.com/app/profile/paulosanalysis/viz/EVvsgasoptions/EVvsICEcalculatorDB2
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Tools

Data visualization

M
nergy data
Energy photos

Data analysis
aps

Graphics

E

1

2
3
4.
S)
6

29
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Tools: Data analysis

Spreadsheet software

MS Excel and Google Sheets
Endless tutorials, classes, how-to videos
online, plus books, etc.

Coding languages & packages

R and Python
SAS, SPSS, Stata
GitHub

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION
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Tools: Data viz

Simple - Datawrapper, Infogram

Medium - Tableau (Public version is
free), can integrate programming
languages and advanced maps. Also
Microsoft Power Bl.

Complex - Packages for R (like
ggplot2) and Python (like Plotly). Many
are open source. Now with Al!

= = ENERGY TECHNOLOGIES AREA

| Tableau - Softpedia - Table:

au license expires in 14 days

File Data Worksheet Dashboard Story Analysis Map Format  Server Window  Help

# € 2k 86 - - 6 Z- A
Data Analytics * | Pages iii Columns Longitude (generated)

= World Indicators =

['° orieindiester i= Rows Latitude (generated)
Dimensions EL v

Filters
=Abc Above Threshold? ol

=abc  Birth Rate Bin
@ Country

[i® Ease of Business (clu...

Abc Regicn

Measures

# DO HTFOPDRN

Parameters
$# Health Exp Threshald

0 Data Source

208 marks  1rowby1column

YEAR(Year): 2012
a Regiun
k

M Birth Rate Bin =
> CEZNTED
- CEZIZED

AVG(Population Total)
0.0M
500.0M
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Population | Health = Technology | Econor

SUM of AVG({Birth Rate): 429 6%
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+
® . PY
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LI
. ...""‘-:". .
5 <o . . ‘.
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l.-‘..‘u 9.
B
<
my | B Tourism | B Business | EaseofBizindex [ Stery [} Hj

m
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= ShowMe

-

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

ENERGY MARKETS & PoLicy

31


https://app.datawrapper.de/
https://infogram.com/
http://public.tableau.com
https://www.microsoft.com/en-us/power-platform/products/power-bi/
https://ggplot2.tidyverse.org/
https://pypi.org/project/plotly/

Tools: Mapping

Simple - Google My Maps, Google Earth

Medium - Tableau Public, Felt, ArcGIS Online,

Mapbox (integrates with Tableau)

= C

Electric Retail Service Territories

Private Member @
GooPlatiorm AreGIS On

Summary

[ Download W -
Detalls
B Fon Ly

@) Mar9.2028
Y nfo Updated

E September 30, 2024
Published Date

Complex - GIS software like QGIS (free), ArcGIS Online (freemium)

2. Make your own from raw data, or peruse and combine existing maps

Energy maps: Homeland Infrastructure Foundation-Level Data (33 energy layers,

over 300 altogether). EIA Energy Atlas
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https://www.google.com/maps/about/mymaps/
https://public.tableau.com/
https://felt.com/
https://www.arcgis.com/home/index.html
http://mapbox.com/
https://www.arcgis.com/home/index.html
https://hifld-geoplatform.hub.arcgis.com/search?groupIds=4fd22faa66a547f784bdf7779eda969f
https://hifld-geoplatform.hub.arcgis.com/search?groupIds=4fd22faa66a547f784bdf7779eda969f
https://hifld-geoplatform.hub.arcgis.com/search?groupIds=4fd22faa66a547f784bdf7779eda969f
https://atlas.eia.gov/

Tools: Energy data sources

EIA - Electricity Data Browser and so much
more

EIA Open Data - API portal

OpenEl - “hundreds of topics crowdsourced
from industry and government agencies,”
2500 data sets! 3.9 Petabytes!

IEA - Data sets, explorer, chart library (6000!)
Public Utility Data Liberation (PUDL) Project

Grid Status

Spreadsheet Add-Ins
Access EIA data —
right in your

ﬂ spreadsheet

You can download EIA energy data (and
economic data from the 5t, Louis
Federal Reserve (FRED]) directly to your
spreadsheet for charts, graphs, and
tables. Version 2.1.0 was released
March 30, 2023.

MICROSOFT EXCEL ADD-INS »

|| Embed Graphs & Maps

Access EIA data —
right on your website

£r1

Stay current and embed EIA charts and
maps on your website that automatically
update when the data is updated.

® © @

® @

Matural Gas »

Exploration and reserves, storage, imporfs and exports,
production, prices, sales,

Electricity »

Sales, revenue and prices, power plants, fuel use, siocks,
generation, frade, demand & emissions.

Nuclear & Uranium »
Uranium fuel, nuclear reaciors, generation, spent fuel.

® & w

Consumption & Efficiency »

@

Enargy use in homes, commercial buildings, manufacturing, and
transporfafion.

Analysis & Projections »

Monthly and yearly energy forecasts, analysis of energy fopics,
finoncial onalysis, congressional reports.

Petroleum & Other Liguids »

Crude oil, gasoline, heating oil, diesel, propane, of
liguids including biafuels and natural gas liguids.

Coal »

Reserves, production, prices, employment and prog
disfribution, stocks, imports and exports.

Renewable & Alternative Fuels »

Includes hydropower, solar, wind, gecthermal, bion
ethanol.

Total Energy »

Comprehensive dato summarias, comparisons, and
projections infegrated across all energy sources.
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http://eia.gov/
https://www.eia.gov/opendata/
https://openei.org/wiki/Main_Page
https://www.iea.org/data-and-statistics
https://catalyst.coop/pudl/
https://www.gridstatus.io/

Tools: Energy photo and image libraries

“Creative Commons” (CC) licensing — free for use, may
require attribution and limit editing

Free sources:

2 NREL Image Gallery

2. Flickr (search for CC photos; follow DOE, NREL,
others)

v, Pixabay, Unsplash, WikiMedia Commons, and many
more

Paid sources: iStock, Shutterstock, Getty, etc.

Aleeee! - Al image generators like ChatGPT and Gemini

| 1
f! - ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

—|ChatGPT

Image created

& Share

make a photo of American workers on an assembly line
making heat pump water heaters

34

ENERGY MARKETS & PoLicy


https://images.nrel.gov/mx/Profiles/en/landing/
https://images.nrel.gov/mx/Profiles/en/landing/
http://flickr.com/
http://flickr.com/
http://pixabay.com/
http://pixabay.com/
http://unsplash.com/
https://commons.wikimedia.org/wiki/Main_Page
https://chatgpt.com/
https://gemini.google.com/

&R [

Photo Browser...
<) Picture from File...
FAl Stock Images...
P4 Online Pictures...

Tools: lllustrations

Make your own:

2. Powerpoint or Google Slides (now
have libraries of graphics)

o Canva

. Corel Vector

Many free and freemium sources, like
Unsplash lllustrations

Many Al image generators like ChatGPT
and Gemini

Vector vs. raster Prompt: “color illustration of an oil =k
tanker passing by an iceberg”
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http://canva.com/
http://canva.com/
https://app.corelvector.com/
https://app.corelvector.com/
https://unsplash.com/illustrations
https://chatgpt.com/
https://gemini.google.com/

Where to get inspired and learn

Online:

Our World in Data

Gapminder, especially Bubbles

One Chart at a Time videos

Tableau Public Viz of the Day

HOW T0 LIE
WITH MADPS

e it
' !ﬂh 2= ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

SECOND EDITION

The Visual Display

of Quantitative Information

EDWARD R. TUFTE
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https://ourworldindata.org/
https://www.gapminder.org/
https://www.gapminder.org/tools/#$chart-type=bubbles&url=v2
https://www.youtube.com/playlist?list=PLfv89tPxlTiVIrwuSBCISiBaGSH1CJR5-
https://public.tableau.com/app/discover/viz-of-the-day

The End

Tools & Data

Ben Paulos

Afﬁ I iate, Berkeley Lab Research Area IAII V] Project |AII R Reset

benpaulos@Ibl.gov Y B Y
— -~ e . L I'IR2 .

-
.

e m p . I b I . g OV/tOO I S _d ata Chinese Coal Mine Methane (CMM) Interactive Decision Framework for State Distribl;tion Planning

Dashboard Integrated Distribution System Requirements
Planning

rrrrrrTr

o N LLTTIB
BEEKEL'fg - o ﬂllll PRESTO

US Photovoltaic Database Wholesale Electricity Market Price PRESTO
Drivers

o
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Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While this document is believed to contain
correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor any of
their employees, makes any warranty, express or implied, or assumes any legal 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 its trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof, or The Regents of
the University of California. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof, or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.

Copyright Notice
This manuscript has been authored by an author at Lawrence Berkeley National Laboratory under Contract No. DE-AC02-05CH11231 with
the U.S. Department of Energy. The U.S. Government retains, and the publisher, by accepting the article for publication, acknowledges, that

the U.S. Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this
manuscript, or allow others to do so, for U.S. Govemment purposes
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Contacts

Bentham Paulos: benpaulos@lbl.gov
Lisa Schwartz: Icschwartz@Ibl.gov

For more information
Download publications from the Energy Markets & Policy: https://emp.Ibl.gov/publications
Sign up for our email list: https://emp.Ibl.gov/mailing-list
Follow the Energy Markets & Policy on Bluesky: @BerkeleylLabEMP.bsky.social
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