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Abstract. As renewable energy is increasingly fed into regional energy
networks, they face significant additional spatial and temporal load fluctua-
tions, making a reliable energy supply more difficult. This is particularly
true in the context of varying weather conditions. Thus, diverse energy data
on a building or household-level are essential for sustainable renewable en-
ergy planning and modeling. However, such data are hardly accessible — if
existing at all — because they are mostly owned by private companies like
energy providers or network operators. In this paper we tackle this chal-
lenge and propose a crowdsourcing approach to acquire fine-grained build-
ing and household-specific energy data. Further, we present a technical in-
frastructure which is based on (mobile) location-aware technologies. We
focus on two complementary user interfaces for data acquisition, namely a
web application and a smartphone app. The results demonstrate that
crowdsourced building and household-specific energy data can support re-
newable energy planning and modeling processes.

Keywords. Mobile energy data acquisition, location-aware technologies,
public participation, VGI, solar thermal systems

1. Introduction

Within the broad and long-lasting political debate about an energy transi-
tion to renewable sources, three main trends are clearly identifiable, espe-
cially when considering the dependence on the weather: The energy pro-
duction shifts, firstly, from planned to fluctuating and, secondly, from cen-
tralized to decentralized. Thirdly, expensive and nonrenewable energy car-
riers are increasingly replaced by cost-free and renewable ones (Appelrath
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et al. 2012). Thus, the increasing integration of renewable energy sources
into existing energy infrastructure necessitates extensions and modifica-
tions of power and heat networks, as well as the construction of additional
power plants and storage facilities (SRU 2011).

From a more general perspective, the increasing use of renewable energy
sources causes significant additional spatial and temporal load fluctuations
in regional energy networks due to the dependence on weather conditions.
These fluctuations present novel challenges for planning new energy infra-
structures and optimizing existing ones (Térnros et al. 2014). The sources
that cause such fluctuations include industrial as well as private wind parks,
photovoltaic systems, solar heating systems etc. This diversity of renewable
sources and the manifoldness of owners make it difficult to establish a
common data base that enables GIS based modeling and planning for re-
newable energy.

A best possible estimate of overall energy supply and demand, especially
when considering renewable energy sources, requires detailed and fine-
grained energy-relevant data (Resch et al. 2014). Such data can support re-
newable energy providers, energy infrastructure companies, or city plan-
ners in modeling and planning reliable energy supply. Besides the demand
of electrical energy, the demand of heat energy can vary considerably if
buildings or households are using private solar thermal systems since this
decreases the need for external heat energy, e.g., from a district heating
network.

However, in contrast to private photovoltaic systems, which are subsidized
by the government, and for which at least some technical facts are publicly
available due to legal obligations, private solar thermal systems are typically
not registered at all. So, in order to tackle the challenge of filling the gaps of
energy-relevant data on a building or household-level, specifically with re-
spect to heat demand and heat supply, new data acquisition approaches are
needed.

Within the context of renewable energy data acquisition, we derive the fol-
lowing research question: how can mobile and location-aware technologies
facilitate crowdsourcing energy-relevant data, thereby supporting renewa-
ble energy planning and modeling? In addition to several technical chal-
lenges, this research question also addresses aspects of the users’ small but
valuable contributions, as well as the potentially increasing awareness of
the public about the complexity of sustainable renewable energy planning
and modeling.

In this paper we describe a crowdsourcing approach for acquiring fine-
grained building and household-specific data relevant for renewable energy
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planning and modeling. We focus on the underlying location-aware tech-
nical infrastructure, particularly on complementary user interfaces. The
basic idea is to spread simple tasks such as taking a picture of solar panels
to many collaborators rather than single experts — in other words, many
people are available that can do a simple job, but few people are available
who can do an expert job. Therefore, we rely on the knowledge and the will-
ingness of the broad public to contribute to the overarching goal of a suc-
cessful energy transition to renewable sources.

The paper is structured as follows: the next section, section 2, is dedicated
to related work. In section 3, we describe the concept of the system archi-
tecture, which is the technical basis of our crowdsourcing approach. Then,
in section 4, we elaborate on prototypical implementation aspects, particu-
larly on the complementary user interaction interfaces for energy data ac-
quisition. In section 5, we discuss the results achieved as well as the limita-
tions of our crowdsourcing approach. Finally, in section 6, we present our
main conclusions and close with some future research needs.

2. Related Work

Within the last years, governments, governmental-related organizations, as
well as private companies have recognized the value of GIS-based public
participation platforms as an effective instrument to increase both the
awareness and acceptance of the broader public with respect to renewable
energy planning and energy infrastructure projects. Since the public ac-
ceptance strongly influences planning and investment dependability, it is of
vital importance for the project initiators, project sponsors, and project ex-
ecutives. Otherwise, an effect called the NIMBY phenomenon (Not In My
BackYard), can potentially cause an enormous public outcry against such
projects, can lead to severe (and expensive) delays and even to a cancelation
of the entire project (cf. Devine-Wright 2011). One successful strategy to
tackle the NIMBY phenomenon is providing participation opportunities for
citizens and people interested in planning processes in order to increase
transparency and to improve access to information about a specific project.
For this, modern web-based concepts such as Public Participation GIS
(PPGIS), Government 2.0 and Web 2.0 have been found useful. For in-
stance, in a recent empirical study related to renewable energy planning,
Kropp (2013) shows that more than 90% of the study’s participants (n=377)
believe that conventional public participation methods (disclosure of pro-
ject plans in the city hall, open councils, etc.) should be extended by map-
based applications on the Internet.
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However, public participation applications have been typically developed
for specific projects or for single use. Concrete concepts and implementa-
tion for crowdsourcing energy data are rarely documented in scientific lit-
erature. One promising approach by Karnouskos (2011) proposes the use of
smartphones for energy data acquisition. Although the paper shows a com-
prehensive vision of using modern Internet and Communication Technolo-
gies (ICT) to enable communication between “prosumers” and the energy
system, however, a concrete practical implementation is missing.

Bazilian et al. (2012) present the idea of open energy analysis tools in com-
bination with energy-relevant open data. However, apart from the overall
concept described, concrete technical implementations as well as potential
practical issues imposed by a real-world context are missing.

Furthermore, Volunteered Geographic Information (VGI) (Goodchild 2007)
has been proven to be a valuable additional data source for diverse research
areas, e.g. for assessing building footprints (Fan et al. 2014). However, the
potential of VGI need to be evaluated in the context of renewable energy,
specifically with respect to energy production facilities, private small-scale
power plants, energy consumption data, measurements from private
weather stations, or citizen science oriented approaches for acquiring addi-
tional energy-relevant data.

3. System Architecture Concept

The goal of our approach is the establishment of a location-aware system
architecture that enables the acquisition and management of locations and
properties of renewable energy systems, as well as detailed household data
relevant for heat demand estimation. Herein we focus on the solar thermal
systems case.

3.1. Overall Modular System Architecture

The overall system design follows the loose coupling approach, which al-
lows for separating content, style and logic. As illustrated in Figure 1, the
core of our location-aware infrastructure is a Django-based web framework.
Simply speaking, Django as a middleware application mediates the com-
munication between the data management and the web and mobile inter-
face, where the data is entered, edited and displayed.

The back end is a conglomerate of Open Source software: we use an Apache
webserver with Django’s Web Server Gateway Interface (WSGI) module,
which is a requirement for Apache to serve Python applications. Django al-
so provides an out-of-the-box Create, Read, Update and Delete (CRUD) in-
terface, which allows direct data exchange to the database (Figure 1). In or-
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der to turn Django into a geographic web framework, we added the exten-
sion Geo-Django. Geo-Django in turn requires PostGIS, the geographic ex-
tension of the open source database management system PostgreSQL.
PostGIS offers geospatial data types, which enables the integration of the
collected geodata into Geographic Information Systems for further spatial
analyses.

. PostGIS S Open Source back end
spatial database management % PostereSQL/PostGIS,
4 Apache, Geo-Django, Python
v
Geo-Django 9 Open web standards
geographic web framework B HTMLs5, JavaScript, CSS3
S
/ Open Source JS libraries

visualization of aggregated
data(d3.js), map rendering
(mapbox.js) etc.

@Q Em

Multiple mobile platforms
PhoneGap

Figure 1: Schematic overview of the location-aware technical infrastructure

On client side, we focus on easy and intuitive data acquisition and data edit-
ing regarding solar panels and households. The solar panel data acquisition
process comprises panel detection and panel information collection. Here-
in, panel detection involves the acquisition of a picture of a solar-panel and
its corresponding location. The panel information collection requires more
detailed knowledge of solar panels and, moreover, information about the
panel’s corresponding household. In order to support an optimal solar pan-
el data acquisition we offer two complementary web-based tools with
graphical interfaces: a fully-fledged web application and a light-weight mo-
bile app.

3.2. Web Application

The web application is designed for easy data acquisition, data editing and
data visualization on different screen sizes. Therefore, ,responsive web de-
sign“ ensures the intuitive use of the web app on diverse (mobile) devices
such as standard desktop computers, laptops, tablets, smartphones etc. In
order to minimize technical barriers for contribution, the user interface of a
crowdsourcing application should not contain any technical, logical, legal or
intellectual barriers (Nelsen 2006). Adhering to this principle, we provide a
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set of predefined attribute values for solar-panels in a simple Hyper Text
Markup Language (HTML) form. Furthermore, since the user’s current lo-
cation is of crucial importance for further spatial analysis, a correct and ac-
curate location input is supported through a combination of different loca-
tion mechanisms such as HTML 5 GeoLocation, as well as standard base
maps including satellite imaginary and street map.

The web application is intended for comprehensive data manipulation
tasks, specifically enriching already existing data sets with more details like
type of solar collectors or the orientation of the solar panel. In order to pro-
vide a clear overview and make these tasks highly intuitive and straight-
forward for the user, the web application is designed for devices with larger
displays (desktop computers, laptops, tablets, etc.). Nonetheless, due to the
use of responsive web design methods, e.g. Cascaded Style Sheets (CSS)
media queries, the web application can also be accessed via a standard web
browser from small-display devices such as smartphones. For data acquisi-
tion and data manipulation via the web application, we follow a two pur-
pose strategy:

e Intended Use: the web interface is intended for devices with a larger
screen, e.g., laptops or desktop computers, thus providing a conven-

ient way for advanced but easy typing, filling in forms and data
fields.

e Intended User: the web interface is designed for experts or trained
people who are able to assess a solar panel on a picture, as well as
the owners of solar panels who add household-specific data.

3.3. Mobile App

In addition to the web application, the mobile app serves as an intuitive and
easy-to-use tool that is specifically designed for on-site energy data acquisi-
tion, e.g. solar panel image acquisition. As for the web application (refer to
section 3.2 for details), we follow a two purpose strategy.

e Intended Use: The mobile app primarily serves the purpose of on-
site solar panel detection, comprising four simple steps: (1) deter-
mine current position and time (automatically), (2) taking picture(s)
of the solar panel, (3) entering basic attributes of that solar panel,
and (4) submitting these data to the central server instance.

e Intended User: The mobile app is designed as a mobile, on-site data
acquisition tool for everyone with a smartphone or tablet willing to
contribute to the energy transition in the broader sense, even with-
out any previous knowledge on the subject.
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Following these two criteria we designed a mobile app that is easy to use
and exactly fulfills the purpose of crowdsourcing energy data for renewable
energy planning and modeling. The app has four main characteristics: first,
a clearly structured interface that guides the user through the process of
entering a new solar panel; second, an intuitive way for correcting input da-
ta such as re-taking a picture, or canceling the entire data acquisition pro-
cess; third, a location-based, semi-automated cross-check mechanism
should avoid multiple database entries about the very same solar panel;
fourth, transparency of the data acquisition workflow, i.e., the user should
know which data is collected when. Further aspects regarding data privacy
are discussed in section 5.

4. Validation: Prototypical Implementation

The prototypical implementation follows the system architecture design
explained in section 3. Since both the web application and the mobile app
exchange data with the database via Django, a RESTful' web service that
serializes the existing data set is implemented. The data format used is
JSONz2 due to its light-weighted structure as compared to, e.g., XML-based
alternatives. The base maps used are part of the open source mapping plat-
form “mapbox”, an open source mapping platform, and provide an unob-
trusive style for easy geographic orientation.

From a thematic point of view, this prototypical implementation is tailored
to crowdsourcing location specific data in the context of solar thermal ener-
gy systems. We therefore term this specific implementation instance Solar
Thermal Energy Locator Applications, in short “STELA”. So far, the stand-
ard language for the web application and the mobile app is German due to
the test region of Heidelberg, Germany.

4.1. Web Application

The Graphical User Interface (GUI) of the web app “STELAweb” comprises
the main menu bar at the top, a sliding data entry form on the left side, and
a map container (Figure 2). The main menu bar combines the functionality
of user management and data creation. A user registration is not mandatory
for adding solar panel data, but it is for household data to enhance data pri-
vacy. Within the main menu on the top left, a user can add data for “solar

1 Representational state transfer (REST), a specific architectural abstraction style within
distributed systems

2 JavaScript Object Notation (JSON), an open standard as an alternative to XML
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panel” or “household” via the corresponding data entry form — Figure 2 on
the left shows the example of the data entry form for solar panels, a similar
form is available for household data. For visualization purposes, individual
solar panels available in the database are aggregated using spatial cluster-
ing and rendered as markers on a base map, thereby balancing information
density across spatial scales while zooming. Only data about solar panels
are shown, household data are not available via that interface.
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Figure 2: “STELAweb” — Graphical User Interface of the web application; forms
on the left allows for adding solar panel data and household data

Entering new data or revise existing data consist of five steps:

1. When starting the web app the map is centered at the user’s current
position or, if current location data are not available, the map is cen-
tered to the bounding box of Germany. Alternatively, the user can
use the address query function to center the map at the desired loca-
tion.

2. New entries for solar panels or households are added by clicking the
corresponding buttons in the navigation bar and filling in the re-
spective HTML form appearing in the side bar.

3. Submission of the data to the server. The user receives a short feed-
back whether the data are successfully submitted and entered into
the database on the server.
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A successful submission about solar panel data is immediately avail-

5. Available solar panel data can be edited or deleted; household data
can be added to each solar panel data set.

Besides creation and visualization, other operations of the solar panel data
such as update and delete are supported as well (Figure 3, at the bottom of

the pop-up window).

y S GroBostheim 7,
* | Nieder-Olm / 4 . =
= |
[\ P b e 3 d \\
Nott x GroR-Umstadt @’
Q A63 /‘ J @”; X
einheim s S\ \
AB3 \ Hochst, * /\ Erlenbach. +
Guntersblurr im S “‘ o~ am
Odenwald ANk
v v AP -
¢ |
Alzey 7 \,’\-‘
> 4 Nt |
-— eichelsheim s ) i “
7 Aktualisiert: 2014-04-22 5%, Miltenl
A6 / = a
l « Kollektorflache: nicht eingegeben Michelstadt | -y
2l w1
&n \ « Anzahl der Kollektoren: 8 N A N, gy
\ <] e SN
Monsheim Worms RN . /'} > ',.‘! 3
) « Paneltyp: nicht eingegeben y W g \/ 9 ‘ ”
- L " -
« Orientierung: Sud-West ANl S &
TG « Ort der Anbringung: Dach Micheibth > ‘@r\/‘:\\«i/'v'
~ Frankenth e o : ',L\;'”
« Jahr der Konstruktion: nicht o My (N Mg
VS ) Figo_ 35 ot V2
eingegeben Zw_/'{ R IR v
T A61 Vi TR b L -
O 7 g « Datenverfasser: Tester_02 *, e \ -~ PR
“;![,iv Bad e \’Eberbaih
¥~ Dirkheim SV SRR
O  Entfemen L1 R D
:" P y 7 P i “(,Vj 'J[‘/ : ‘ 3 \
Walzerwaldhey / Heidelberg \ Sy J/’/ ! \ ) <
S A K e BN Y 6
. 2 Schifferstadt = (] 71 7
Figure 3: “STELAweb” — example of a popup window comprising solar panel data;

4.2. Mobile App

The mobile app “STELAapp” consists of six screens, which cover the four-

step sequence of data acquisition. These four steps relate to “position”,

» «

pic-

ture”, “details”, and “submit” and are displayed as a progress bar within the
app. As shown in Figure 4, the first four screens refer to “position” and “pic-

ture”.

The first screen shows a map with the locations of solar panels already cap-
tured. The initial map is centered at the user's location, which is visualized
using a position symbol. If automatic geo-localization is not possible, the
user can enter an address. Further, the solar panel locations are visualized
as individual locations or as clusters, depending on the zoom level and the
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number of solar panels. This visualization provides the user an overview of
existing solar panels nearby. Moreover, it enables the user to check whether
a solar panel data entry already exists in the database and, if so, to validate
it. On the second screen, the user can add a new solar panel location while
the user’s current location is updated in case the user moved from the initial
location (step 1).
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Figure 4: “STELAapp” — four screens of mobile energy data acquisition

The third screen is used for taking a picture of the solar panel, which is then
displayed on the fourth screen. Here, the user can decide to keep or retake
the picture. The fifth and sixth screens are not illustrated herein. The fifth
screen is very similar to the corresponding form of the web app (Figure 2,
left); it allows the user to insert additional information about the solar pan-
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el. This part is optional, because not all app users may have detailed
knowledge about a specific solar panel. In the sixth and final screen the user
can check the data entered and submit it to the central server instance.

Throughout the data acquisition process the user can navigate back and
forth among the screens by clicking on the steps on the progress bar. As a
result of the overall user interface design and the progress bar in particular,
the user can control every single step within the data acquisition workflow
and get informed which data are send when.

From an implementation point of view, the mobile app was created using
state-of-the-art open web standards (HTML5, CSS3, and JavaScript JS).
Exemplarily, the app was then ported to Android via Apache Cordova, a
freely available platform for building native mobile applications using
aforementioned web standards. The six screens are encapsulated in one
single HTML document with objects, which are dynamically manipulated
via the Document Object Model (DOM) using JS. This also improves the
performance of the app by avoiding (re)loading entire HTML pages, thereby
providing a more native app-like feeling.

5. Discussion and Limitations

Within the crowdsourcing approach for energy data acquisition presented
herein, two complementary user interfaces are designed and implemented.
First, the web application STELAweb is the main user interface for entering
rather comprehensive details of solar panels or households (Figure 2 and
Figure 3). Furthermore, the web application is particularly useful for ma-
nipulating and editing already existing data sets on devices with a larger
screen (e.g., laptops or tablets). Second, the mobile app STELAapp is specif-
ically designed for acquiring data about solar thermal systems on site, e.g.,
in the form of geo-referenced pictures of solar panels. Although the mobile
app comprises less functionality than the web application, it nevertheless
allows for crowdsourcing objective data in form of pictures. Such pictures
can then be examined by experts or trained persons in order to get the most
information out of a picture. Thus, STELAweb and STELAapp are comple-
mentary applications that facilitate the crowdsourcing of fine-grained ener-
gy data on the level of households or buildings, thereby supporting renewa-
ble energy planning and modeling. We demonstrated this on the example of
solar thermal systems.

However, several limitations and constraints need to be addressed. As de-
scribed in the introduction, not only information on the solar panels is val-
uable for renewable energy planning and modeling, but also data about the
household, such as number of people living in the house, energy consump-
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tion, the house’s age etc. Such data could therefore be considered private
and, therefore, a clear privacy policy needs is inevitable (cf. Damiani 2014).
Consequently, the mobile app should include optional log-in functionality —
like the web application. Such an authorization mechanism could help to
build trust with inhabitants that can provide valuable energy-related infor-
mation.

Furthermore, in terms of user encouragement and motivation, the authori-
zation functionality mentioned before could be used to provide anonymized
activity summaries or “score-sheets”, thereby offering location-aware feed-
back in a gamming manner (e.g., who are the most active contributors,
where are the latest entries from, what is the degree of completeness of
those data, has an data entry been cross-checked on site, etc. Potentially,
highly active user could be rewarded by energy-related institutions. Follow-
ing this idea of “gamification”, STELA could turn into a community-driven
project, like Open Street Map (OSM 2014), that supports a successful ener-
gy transition using the local knowledge of the crowd.

Another issue refers to data quality in the context of crowdsourcing. The
approach described herein is designed for crowdsourcing renewable energy
data, exemplarily demonstrated for the solar thermal system case, and also
bringing together energy experts and laymen. In any case, the extraction of
specific energy-related information from a picture would require certain
“quality standards” with respect to both the picture and the person that
took that picture. For instance, a minimum picture resolution, the object’s
exposure to light, the ascertainment of relevant details such as orientation
of the solar panel should follow a minimum standard. However, such as-
pects can hardly be standardized in order to keep a certain data quality level
high. The approach of crowdsourcing energy provides nonetheless an addi-
tional opportunity of data acquisition for participatory renewable energy
planning and modeling.

6. Conclusion and Outlook

In this paper we presented an approach for crowdsourcing energy data for
participatory renewable energy planning and modeling and focused on the
underlying location-aware infrastructure: we allow people to contribute en-
ergy data by means of web-based crowdsourcing and public participation
platforms using both a mobile and a standard web application. Mobile
technologies such as smartphones are used for on-site data acquisition in
the form of geo-referenced images of solar panels and solar thermal sys-
tems in combination with supplementary input — this was demonstrated on
the example of the mobile app STELAapp. The web application STELAweb
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provides a more convenient way for adding or editing detailed data of solar
panels. Additionally, STELAweb is used to acquire and edit household data.

Hence, referring to the research question stated in the introduction, the
overall location-aware infrastructure described herein enables an innova-
tive and complementary way (web application plus mobile app) to collect
relevant and fine-grained energy data on a building or household-level.
Since such data can hardly be acquired otherwise, they are potentially valu-
able for renewable energy planning and modeling. Furthermore, such a
crowdsourcing approach (e.g., using a mobile app) in combination with an
online participation and information platform (e.g., a responsive web appli-
cation) potentially induce high public visibility and, therefore, increase the
awareness of the complex topic of a sustainable energy transition.

The scientific contribution of the research outcomes presented in this paper
is twofold. First, the crowdsourcing approach described is an efficient and
complementary way for acquiring energy data, thereby supporting the es-
tablishment of a more complete energy data base. So far, data attributes
include the size and orientation of solar panels, the number of people living
in a household, the number of households in a building, the size of heated
rooms and areas. Second, the location-aware infrastructure combines the
advantages of efficient on-site data acquisition (mobile app) and advanced
off-site data entering and data manipulation (web application). The fine-
grained building and household-specific energy data gained that way can
support renewable energy planning and modeling. We validated the ap-
proach and the location-aware infrastructure on the example of solar ther-
mal systems in the context of heat energy supply and demand.

Furthermore, due to the modularity and the loose coupling, the system ar-
chitecture can easily be extended and applied to several other crowdsourc-
ing and data acquisition needs. Such application domains include, for in-
stance, urban flora and fauna monitoring, or urban infrastructure damage
registration and assessment.

In a next step we will focus on the enhancement of the location-aware com-
ponent for data quality improvement. For instance, when a user is nearby a
location with already captured solar panel data or household data, the user
might be asked to confirm that data. Another challenge is the preparation of
energy data acquisition guidelines in order to maximize the information
content in the data acquired.
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