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enercast@

We increase the value of
renewable energy by up to 25%



Company at a Glance

= Founded 2011 in Kassel, Germany
= 3-year CAGR: 47%

= Forecasting 80 gigawatts of renewable energy
around the world

» 35 dedicated professionals
(engineers, computer scientists, data scientists,
mathematicians, physicists, meteorologists)

= Venture capital from two of Germany’s top funds:

Innogy Venture Capital, High-Tech Grunderfonds

= Partnerships with Fraunhofer IWES and
Kassel University

Source: Science Park Kassel




We Deliver enercast@

= Award-winning power forecasts for wind and solar o oI
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= Ensemble forecasts using top notch weather data
and exclusive Fraunhofer IWES algorithms

= Software-as-a-service tool suite providing our users
with interactive access to weather intelligence

= Robust, performant, industrial-strength delivery -
transmitting 700.000 data sets around the clock and
around the world

= Applied artificial intelligence know-how enabling
process optimization for essential industries




Power Forecasts for Renewable Energy enercast@

79,695 700,000

18

data sets
per day

megawatts

, countries
installed

Maximizing
economic benefit
for operators

Powering the
digitization of
infrastructure

Providing data for Enabling
grid stability energy trading



Applied Artificial Intelligence Drives Our Business enercast@

Energy Forecasting Energy Digitization Applied Artificial Intelligence
Power Forecasts for Optimization of Process Optimization
Renewable Energy Smart Grids for Essential Industries




Serving a Wide Range of Customers enercast@
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Partnership with Fraunhofer IWES

= Fraunhofer IWES is Germany's most renowned
research institution in the field of renewable
energies.

» Fraunhofer IWES was founded in 1988 from ISET e. V.
and has 26 years of experience in the field of
renewable energy.

= Enercast has exclusive rights to the Fraunhofer
prediction algorithms.

® In Fraunhofer IWES, more than 500 scientists are

working on the different topics of renewable energy. ST _=I ﬂm
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Working with all TSOs in Germany

= TenneT TSO
operates an extra-high voltage grid with a total
length of around 10,700 kilometers in Germany

= 50Hertz Transmission
operates the extra-high voltage grid in eastern
Germany with a length of 9,750 kilometers

= Amprion
has the longest extra-high voltage network in
Germany with a length of approx. 11,000 km.

® TransnetBW

operates a transmission grid with a length of 3,200
km.




enercast@

Creating Best-in-Class Forecasts
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Numerical Weather Prediction (NWP) Models enercast@

= 8-12 models from the leading global providers
m COSMO, ICON, ECMWE, GFS, CMC, Euro4, IMA, ...

m Data from 3 satellite feeds
m Transvalor, LSA-SAF, NOAA GHlI

m 150 GB meteorological data per day
= Over 3 years (600 TB) of fast access data
= Horizon of up to 30 days

= Site-specific ensemble configuration

40x40 km 180 h 4
ECMWF 10x10 km  240h 2/day 1 ,_-';.;; ‘. <

GDPS 25x25km  240h  2/day —

ICON_WORLD 18x18km  174h  4/day

COSMO_DE 3x3 km 18h  8/day 11




Translating Weather Into Power Forecasts enercast@
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Translating Solar Irradiation Into Power Forecasts enercast@

M 10 Grad Azimuth
M 30 Grad Azimuth
W 45 Grad Azimuth

W -45 Grad Azimuth
W o Grad Azimuth
W +45 Grad Azimuth
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Components of a Power Forecast enercast@

Weather Model Maintenance
Data

Site-specific
Intelligence
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Forecast Based on Applied Artificial Intelligence enercast@

Weather Model + Historical Site Data Artificial Neural Networks Site-Specific Forecast
(ANN)

Past Intra- Day-Ahead
Day

Historical
Site Dat

vvvvvvvvvvvvvvvvvvvvvvvvvv

N
L 4

Each ANN trains (learns) the impact of weather on
power output based on historical model output,
combined with historical site data

Multiple ANN in competitive mode - best win...
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Smart Ensembling Algorithm for Superior Accuracy  enercast@

= Combination of multiple weather models

= Hundreds of ANN in competitive mode yield site-specific selection of the optimal model
(exclusive algorithm developed with Fraunhofer IWES)

m Automatic selection of the best ANN

Historical Site Data Multiple Weather Models Automatic ANN Site-Specific Forecast
Selection

enercast
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Weather Intelligence Is Big Data Analytics

m Exclusive MeteoStore X repository gives users instant
access to 10 years of NWP models worldwide

m Instant calculation of localized timeline of all models

= Accessing up to 10,000 co-ordinates in a single request
= Smart validation and cleansing of incoming data

= On-the-fly, server-side refinement of output data

= Artificial intelligence algorithms supply users with
lean, high-value, application-specific results

= Big data analytics of NWP generate site-specific ensembles
= Training of over 2,000 artificial neural networks per site

= Processing over 100,000 measurement signals
and over 600,000 outgoing data sets every day

Source: DARPA/Wikimedia Commons



Data Quality Drives Forecast Quality enercast@

= About one third of forecast quality
losses are caused by unprecise or

Numerical faulty data or processes

Weather o .
Prediction = enercast uses artificial intelligence

combined with interactive tools to

help our customers get the most

Metering Process out of the real-life data they have
Data Quality

Algorithm
Precision
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enercast@

Delivering Best-in-Class Products
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Weather Intelligence At Your Fingertips enercast@

enercast@ i e e e

Intuitive, web-based user interface
provides access to all your assets,
your data, your forecasts -

from anywhere and any device
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Comprehensive Product Suite

= Renewable energy forecasts
= Area forecasts

m Site assessment

= Data cleansing

= Weather data feeds

© Siemens 2017



Configurations Tailored to Your Needs

m Week Ahead, Month Ahead
m Horizon max. 30 days
m 1 forecast in 24 hours

= Day Ahead
m Based on a weather model ensemble
m Horizon 24 hours of the next day
= Minimum of 4 updates till 12:00 h

= Intraday
m Based on a weather model ensemble
m 24 updates
m Horizon 24 hours

® Real Time

m Based on weather model ensemble,
satellite measurements or live metering data

m Updated every 15 minutes

© Siemens 2017



Continuous Quality Monitoring enercast@

KPI monitoring

m Power distribution
enercast@
m Power forecast vs. actuals

m NRMSE, MAE, ...

= Correlation weather vs. power

.......
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Robust Big Data Infrastructure

= Operating from 3 distributed, redundant, secure
data centers in Germany since 2012

m 24/7 calculation, transmission, and monitoring

= Automatic re-delivery upon transmission failure
= 600 TB of managed data — adding 150 GB per day
m Software-as-a-service for best scalability

m Extensible import/export structure
= Over 700,000 data sets exchanged per day

» Leading data formats: MSCONS, CSV, JSON, XML, ...

m Protocols: REST, SOAP, ftp/sftp, secure mail

Source: google.com/datacenters




Customer Support At Your Side

= Standard
m Continuous product updates and maintenance
m Technical product support (e-mail only)
m Response times subject to availability

= Professional
= Phone support (during regular business hours)
= 24 hinitial response time (during business days)

= Application and setup support

® Premium
= 24/7 emergency hotline
= 4 hinitial response time (during business days)

m Access to enercast analytics experts
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