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Problem and
methodology
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We would like to introduce...

A methodology to estimate
the usage of energy sources
by assessing information need
from web searches
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Motivation

In some cases, solar thermal
in particular, we are missing
exact (and georeferenced)

data to determine the usage
by the population
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The idea

b

Use information needs,
identified from web searches,
to estimate usage of a specific
source

Copyright © CELI s.r.l.

GGGGGGGGGGGGGGGGGG




Goals

1. To study the usage of an energy
source among the population
using georeferenced online
search volumes on related
keywords, through Google and
partners.

To estimate how an aggregated
national value is distributed on
the territory: Region by Region,
Province by Province, ...
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Method

1. Gather data on cases with known usage:
— methane fueled cars;
— photovoltaic installations.

2. Extract lists of keywords related to the subject and frequently searched on
the web.

3. Review lists (manually and using natural language technology tools) to
better capture phenomena of interest.

Establish correlations between search volumes and usage.
Learn a predictive model.
Compare with other predictors: have we learned something new?

N o ok

Generalize to other cases:
—  solar thermal systems.
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Background
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Google Search and AdWords
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A Class of Predictive Models: Regression

Regression anulysls

FITS & STRAIGHT LINE TO
THIS MESSY SCATTERPLOT.

Z 15 CALLEP THE
INPEFPENPENT OR

PREPICTEOR VARIABLE, AND
1% THE PEPENPENT OR
SPONSE VARIABLE, THE
RESRESSION OR PREDIETION
LINE HAS THE FORM

y = avbz

Dendent : Explanatory Random Error
Variable Variables Term/Residuals

Example: - Suppose you want to both model and predict residential buralary
(RES_BURG) for the census tracts in your community. You've identified
median income (MED_INC), the number of vandalism incidents (VAND) and
the number of household units (HH_UMNITS} to be key explanatory variables.
The regression eguation would have the elements below.

RES_BURG = B, + B, " (MED_INC) + B, (VAND) + B, (HH_UNITS) + &

P Y sy gt b, B - F & PN — .._JF'?"‘ L‘:I
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Box-Cox Regression (BC)

o Extension of linear models | —
(lines). —2
« Now we consider curves i
with different shapes. o 0

e Uncertainty varies = |
according to predictor —d .
magnitude. 3

» Better fit compared to =
linear model. /

e Problem with change of :
scale in search volumes.

0.5 1.0 15 2.0
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First experiment:
Methane Fueled
Cars
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Registrations of Methane Cars (20I3)

e |talian car data available on the Automobile Club
d’Italia (ACl) website www.aci.it

e Split by type of fuel supply and Region.

Covariate Correlation with
Registrations

Search volume (Google AdWords) 0.66
Population (ISTAT* data 2013) 0.36
Density (ISTAT data 2013) 0.27
GDP per capita (ISTAT data 2012) 0.36

*National Institute of Statistics: www.istat.it

Copyright © CELI s.r.l. CE LI 41 | 13

GGGGGGGGGGGGGGGGGG




Registrations vs GDP
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Registrations

vs online searches
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Methane20I3: BC

regression, no

outliers
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Methane20I4: fit using Methane20I3
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€Equations (Methane)

Regist.= aypr(log SearchVolume)*MET + ¢

* ky e controls the shape of the curve
e Rirrr013 = 0,50 (Autonomous regions excluded)

¢ R1%4ET2014 — 0,4‘8 (aS abOVE)
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Second experiment:
Photovoltaic
Installations
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New Photovoltaic Systems (20I3)

e |talian installation data available on the Gruppo Servizi
Energetici (GSE) website Atlasole atlasole.gse.it

e Data on systems subsidized through Conto Energia (CE).

e Split of installation number and power by Region and
Province.

Correlation (N.) Correlation (Pow.)

Search volume 0,80 0,68
Population 0,84 0,75
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Photo20I3 (Regions): fit using Methane20I3
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Photo20I3 (Regions): BC

regression
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Photovoltaic Systems (Provinces)

* Model performance drastically decreases in moving
from Regions to Provinces.

— Lower correlation with search volume and population.
— Why?
 Hypothesis: typology of urban fabric matters.

— Urban fabric density: number of housing units per
building (source: ISTAT data 2011).
e Search volumes, population and urban fabric
density provides complementary information on a
smaller scale such as Provinces.
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Photo20I3: from Regions to Provinces
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Photo20I3: Administrative Centers
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Photo20I3:

Installations - Forecasted
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Photo20I3: exploiting Urban Fabric
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€quations (Photovoltaics)

Install. N = apy(log SearchVolume)*PV + ¢
e Rp. = 0,72
* Rprov = 0,35

Install. N = (apV log SearchVolume +
+Bpy log Population + ypyFabricDens) PV + ¢

* Rgrov = 0,70
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What we have learned so far

Strong correlations.
Predictive models.

Predictive power in time.
More challenges in change of
scale, they can be tackled.
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Third experiment:
Solar Thermal
Installations
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New Thermal Systems (20I3)

e Reference data:

— requests for tax relief and average installed surface by
Region (55% relief, source: Rapporto Annuale Efficienza
Energetica, compiled by ENEA*);

— Italian total glazed surface (source: Solar Thermal
Markets in Europe report, compiled by ESTIF**).

e A tentative split of total glazed can be made.

— Requests are estimated to account for about 35% of total
installations.

— Regional propensity to perform installations without
requesting tax relief is not accounted for at this stage
(more on this later).

*|talian National Agency for New Technologies, Energy and Sustainable Economic
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Thermal Installations (Regions)

e Predicted shares of glazed surface using
Photo2013 appear very different from estimates
made through tax relief requests.

e Relative shares in Northern Italy are very close
to what we get from tax relief estimates.

— Most disagreement is between estimates in Central-
Southern ltaly.
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Solar Thermal: avg. monthly searches (20I13)
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Estimates (20I3):
National total split according to financial data

G670

N C4.870
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Estimates (20I13): Separate North/South split
according to searches

1,800 . 4,150
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Piedmont: estimates with confidence
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Conclusions

“Real” attitude towards
sustainable energies is reflected
in online behavior.

Online searches provide an
additional tool for first estimates,
that can corroborate or question
existing forecasts.
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