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Introduction

Energy consumption

. R . A low-carbon energy future requires a transition in both technologies and
in buildings + social

human behavior (Sovacool, 2014).

science
R.eal'.tlme Real-time monitoring affects the attitudes and behavior of buildings’ users
monitoring + (Timm & Deal, 2016; Buchanan, Russo & Anderson, 2014; He, Greenberg &
behavior change Huang, 2010).
Virtual microgrids Virtual power plants (VPPs) are a flexible representation of distributed
as conceptual tools energy generation resources (Saboori, Mohammadi & Taghe, 2011).
The situation of the Real-time energy monitoring of: the consumption of 5 buildings on
Tonala Campus - campus and the generation of a 499 kWp solar power plant.
University of Institutional goal of reducing the energy consumption of every building
Guadalajara by 20% (Energy management team).

University’s Comprehensive Plan for Energy Transition (PUITE-UDG).




Adoption of new

Behavior change technologies and Real-time
. habits
theories energy
Design of a virtual monitoring

photovoltaic microgrid,
applying real time

monitoring + behavior

change theories

Behavior change Photovoltaic

strategies virtual

microgrid

Energy saving

Methodology:

Interdisciplinary integration

Figure 1. Integration of the
design dimensions of a virtual
micro-network that unites real-
time monitoring and theories
for behavior change.

Source: Authors’ design assumptions.



M et h O d o I O gy e The transtheoretical (stages

of change) model

O  Precontemplation
o Contemplation
O Determination
o  Action
: c . O  Maintenance
Real-time energy Design of a survey applying R T FERPS SRR
monitoring of generation theories for behavior theory
and consumption change ©  Innovators
o  Early adopters
o  Early majority
1 3 O Late majority
O lLaggards

Allocation proposal of solar Design of strategies for

panels for the microgrid promoting the adoption of
energy saving habits




Daily average power generation (kWh)

Results: Power generation
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Figure 2. Average daily power generation per inverter

Source: Authors’ results.
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Results: Power consumption
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B Renewable Energy Institute [l Library
Figure 3. Average daily energy consumption per month

Source: Authors’ results.

1400

The library is the
highest consumer.

The Renewable
Energy Institute is
being partially
monitored.

Energy consumption
fluctuations may be
related to seasonal
temperature and
activity fluctuations.



Results: Allocation of solar panels for the VPPs

Library
16.4%

REI

0.4%
Health Sciences
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Dining Hall

9.6%

Design Building

6.3%

Savings

9.7%

Figure 4. Proposed allocation of panels per building

Source: Authors’ results.

20% reduction of energy
consumption per building
(institutional policy).

605 assigned panels for
the 5 monitored buildings.

Energy savings equivalent
to 152 panels by reducing
energy consumption by
20%.

955 panels are available
to be allocated to other
buildings (Savings +
remaining).



Results: Survey - Incentives

Scholarship AN 21.15% °
Building equipment [IASEIE-WIES - 21.15%
Cultural event 11.54% / 19.23% [

Artistic interventions [EEESEA 1492%;
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Figure 5. Perception of energy-saving incentives

Source: Authors’ results.

High acceptance of
the proposed
incentives.

Scholarships
(65.4%) and
building equipment
(67.4%), where the
highest ranked
incentives.



Results: Survey - Corrective strategies

Attendance to eneroy R s e High acceptance of all
corrective strategies.

Periopation n ereroy RYERRER 1ese 35.85% e One volunteering
program, stewardship
of green spaces and
afforestation (73.6%),
was the highest ranked

Volunteering program:
stewardship of green
spaces and
afforestation

9.43%1.89%

Volunteering program: \SSSIE o o0 corrective strategy,
solar panel cleaning
while the other
0.00% 25.00% 50.00% 75.00% 100.00% program, solar pan6|S
B Strongly disagree W Disagree M Neutral B Agree B Strongly Agree Cleaning, was the |eaSt

supported (64.1%).

Figure 6. Perception of energy-saving corrective strategies

Source: Authors’ results.



Results: Survey - Awareness, attitudes and self-efficacy

Awareness [ENA 0/ 5%}

Interest in learning AR (0] 17

Interest in applyign AR 015%] 15.1

Interest in

changing 94 00 88 35.8
Community action ¥4 318 20.8
Self-efficacy SR 0] 35.8
0% 25% 50% 75% 100%

B Strongly disagree W Disagree M Neutral W Agree W Strongly Agree
Figure 7. Levels of awareness, energy-saving attitudes and self efficacy

Source: Authors’ results.

High level of
energy-saving
awareness and
attitudes.

Strategies are
needed for
prompting interest
in changing,
community action
and self-efficacy.



Results: Design of strategies considering behavior change theories

Table 1. Strategies considering the transtheoretical Table 2. Strategies considering the diffusion of
model innovation theory
Stage of change Strategy Category Strategy

Publish and spread pros and cons LUEICGISNCAIN Early training and integration of a team of

Precontemplation . . 3%) .
of unsustainable behavior, energy-saving mentors and managers.

appealing to social norms.
SEWECRIIEER  Public recognition.

(10-15%)

Contemplation Publish and spread sustainable

lifestyle successful stories. Early majority
(30-35%)

Connect with mentors in action and
maintenance stages.

Determination Connect with mentors in action

and maintenance stages. Late majority | Pyblish sustainable lifestyle successful
(30-35%) .
: . . stories.
aifely Public recognition.
: L . Laggards Appeal to social norms, corrective
Maintenance Invitation to join a group of (10-20%) ,
strategies.
mentors.

Note: All through bulletin boards, social networks and a website.

Source: Authors’ design assumptions and Nutbeam, Harris and Wise (2010).



Results: Acceptance of real-time monitoring display methods

Energy orbs
with user
interface
Energy orbs
HUELLA DE CARBSNO DEL 2019
7 51,04k 11,575,396 Kima
Energy ety
dashboards -
CONSUMD ACUMULADD DEL CONSUMD DIARKD COMPARATIVO HASTALAS 11
MES HORAS
SEPTIEMBRE
0
0% 25% 50% 75% 100% Vf
vams::m-'-.
B Strongly disagree [l Disagree Neutral [l Agree [ Strongly Agree

Figure 8. Acceptance of real-time monitoring display methods

Source: Authors’ results.



Conclusions

The incorporation of the diffusion of innovation theory and the transtheoretical
model is a new framework in the field of energy-saving for university buildings,
which answers the call for integrating social science into energy studies.

This work had some limitations, for future work on this research line, it could be
useful to propose a variable target percentage for the total energy consumption of
each building, as well as a panel relocation proposal, using a database with higher
temporal resolution of energy generation and consumption.

The nature of this research is multidisciplinary, therefore, future stages of this
project will need to integrate different disciplines to a higher extent.

This project will serve as the foundation for the implementation of a pilot Energy
Market at the Tonala Campus.
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