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[# electricitymap.org

maps the world’s electricity emissions, in real-time

e Open source U0
>1300 contributions?, global coverage. Most
popular #climate-change project.

e Publications & blog posts
Cited in 100+ articles.

e Trusted
Used by ministers, head of states, by utilities,
data centers, EV charging apps..

GETIT ON # Download on the
P> Google play @& App Store
[1] See https://github.com/tmrowco/electricitymap-contrib
[2] See https://www.tmrow.com/blog/tags/electricitymap
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Computing the origin of electricity with flow-tracing
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Flow tracing rules

1. Each “zone” is a copper plate, with electrons
perfectly and instantaneously mixed
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1. Imports impact consumption mix
(and thereby carbon intensity) proportionally to the
amount imported
For instance, Denmark imports green power from
Norway & Sweden, itself potentially importing from
Finland etc...
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TR 2. You don’t choose what you export/import.
Germany imports from Denmark with the carbon
intensity of Denmark at that time. It can’t “choose” to

import only “Norwegian hydro” electrons

See https://www.tmrow.com/blog/flow-tracing/
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What about my purchased electricity?

Location-based approach
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Market-based approach

/ ot

L. -

L

Residual mix
<4 »
2 2
100% 0%
100%
0% coal coal

Using “Guarantees of Origin” or RECs

Challenges with having both:

e 2 methodologies means
two consumers can claim the
same greenness

e Doesn’t match up with taxpayers’
intuition

e Granular GOs (hourly) duplicates
the location-based method

Market-based will become a subsidy
system, and location-based an
accounting system.





http://www.youtube.com/watch?v=2lfehXp0gz4

An opportunity to reduce emissions

Share of electricity originating from renewables in Denmark Late Nov 2016 - Start Dec 2016
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Our forecasts predict when the electricity is cleanest

See the grid's past, present, and future

LIVE HISTORY FORECAST

GET /carbon-intensity/forecast

GET /power-breakdown/forecast

GET /marginal-carbon-intensity/forecast

GET /marginal-power-consumption-breakdown/forecast

forecast: [
{
carbonIntensity: 1
datetime: 2019-07-24T20:00:00.000%

carbonIntensity: 1,
datetime: 2019-07-26T21:00:00.0002
}

s
zone: DE

24h-ahead rolling forecast of carbon intensity at hourly granularity

Learn more by reading our marginal emissions guide and FAQs.

See https://api.electricitymap.org
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electricityMap forecasts used by leading companies
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Displaying carbon footprint data in home
energy management app

Visualizing carbon footprint of interconnectors

Showing carbon data and forecasts to
electricity retailer users

Showing carbon data and forecasts to smart
heater users

Showing carbon data and forecasts to
electricity retailer users
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Displaying and utilizing forecast data for smart
charging EVs

Displaying and utilizing forecast data for smart
charging EVs

Displaying and utilizing forecast data for smart
charging EVs

Displaying and utilizing forecast data for smart
charging EVs

Carbon-aware demand-response
of data centers



Google 24/7 Energy Program

Google uses electricityMap’s forecasts to
run computing jobs at times where the
electricity is cleaner

AAAAAAAAAAAAAAAAAAAAAAAAAA

Our data centers now work harder
when the sun shines and wind blows
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Charging your electricity vehicle when the grid electricity
is low-carbon

Origin of electricity Carbon impact Smart charge scheduled for
explained of EV charge biggest CO2 savings

11:49

Charge Rey irt
< Back AcT| wil OMTS =

Home

Electricity usagg
Charged for 4hr 4min and added 02.7km (46.0kWh)

(3 Barry, September 27, 2019)

1:02 AM

0.7 kg 4.5 kWh

Emissions  Energy Use

Charge: Mon 14 Aug

USAGE kWh
6:00

97% efficiency in delive! ng the power that is
drawn by the chal er to your car.

CO2 emissions per km

FOSSIL SHARE 47.4 kWh _ 46.0 kWh
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Computing the marginal origin of electricity

Use case: when | charge my EV, where
does that electricity come from?

Power plants are dispatched by
increasing cost

When electricity demand is increased,
the first power plant to increase its
production is cheapest that has spare
capacity

We call that power plant the marginal
power plant.

Problem: the dispatch order is secret

Marginal cost

€/MWh

Renewable

Coal

Nuclear
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Marginal origin of electricity in East Denmark

Marginal carbon intensity in DK-DK2
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See https://www.tmrow.com/blog/marginal-carbon-intensity-of-electricity-with-machine-learning/
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20% savings in Denmark using smart charging
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