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Abstract

Sustainability has been increasingly incorporated as an essential life perspective into
educational institutions as well as local communities. Universities play an important role
into the society by debating theoretical contributions and implementing concrete actions.
The present research was developed to evaluate a university’s energy efficiency by using
the Polytechnic University of Catalonia, Spain as a reference for University of Passo Fundo,
Brazil. The reference values and index ratings obtained for energy performance, in the
Universities’ building stock, were evaluated based on positive and negative features. The
study identifies and assesses the evolution of incident factors towards energy consumption
and its impacts on the hidropower generation, the main energy resource in Brazilian. Hence,
the university can promote a reflection about its practices to develop feasible tools that
contribute to sustainable measures. As a result, guidelines and strategies were proposed,
not only on targeted evaluated buildings but also on the entire building stock. The research
indicates the importance to follow well-defined guidelines in the decision-making process
by institutions of higher education, in order to consider integrated sustainable practices. The
methodology and findings contribute to improve and promote Education for Sustainability,
which should encourage other similar universities to put sustainable projects into practice
and encourage the whole society to face the inevitable change of paradigms for achieving
the Sustainable Development Goals (SDGs).
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of heating, refrigerating, and air conditioning engineers; RAC,
compliance assessment requirements; VRF, variable refrigerant flow;
PDI, institutional development plan; PAI, institutional environmental
police; RSU, social responsibility university police; COP, coefficient
of performance; UI, university of indonesia

Introduction

In recent years, energy efficiency concerns have become
significantly important, as an environmental as well as an economic
concern. As a result, national and/or international regulated
initiatives, either mandatory or optional, have triggered a sense of
environmental responsibility at universities worldwide including
Brazilian universities. Higher education institutions (HEIs) play
an important role in society’s transformation towards integrating
essential sustainability. One of the challenges presented by the

Talloires Declaration' is that universities should «become an
example of environmental responsibility by establishing conservation
of resources, recycling and waste reduction programsy, lately
UNESCO’s recognizes this role with the Decade for Education and
Sustainable Development — DESD.?

According to Leal Filho,> DESD was responsible for coordinating
global efforts in order to address, through education; the social,
environmental, economic and cultural goals of the twentieth century.
It focused on three aspects: climate change, biodiversity, and disaster
risk reduction. By supporting DESD,* however, HEIs are open to
effectively incorporate new transformation practices into teaching,
learning and management processes. As a result, the university is
responsible, and must be committed, to include sustainability goals
into their education, research, and exchange with society programs.
In addition, such goals can be incorporated into the institution’s own
internal policies.

Unfortunately, DESD previous efforts either failed, or only
partially met their goals. Leal Filho et al.’ states, based on a study
involving several sources and stakeholders, that some HEIs are
increasingly taking leadership on sustainable development more
seriously and reflecting on them. In turn, sustainability leadership
entails the processes, which leaders, policymakers, and academics
undertake to implement sustainable development policies and other
initiatives within their organizations. It includes a reflection of each
HEIs decision-making process.

The expansion of university institutions in Brazil has increased
in the past 30 years, due to the economic transformation of the
information and knowledge’s tertiary sector. Consequently, besides
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expanding the number of students; new courses and institutions
have been created to respond to this growing demand.® However,
the absence of management strategies to execute contemporary
urban structures, resulted in several issues related to the urbanization
of rural areas to build new campuses. It has also impacted the city
and suburban accessibility and mobility (access, traffic, means of
transport), besides the impact on the natural environment (e.g. water
flows, green areas, microclimate, air pollution).

Construction has a strong impact on natural resources as it
consumes 14% to 50% of raw materials extracted from nature, 16%
of water resources, and 40% of power sources,”® John et al.” suggest,
however, that buildings consume 75% of natural resources. The
majority of these natural resources are non-renewable. They are also
responsible for about 51% of electrical energy consumption'’, 75%
of wood usage from the Amazon,'" and finally 60% of solid waste
production.'? Brazil follows international standards, however, there’s
reduced information on the subject, especially due to lack of data
concerning a building’s life cycle at a national level.

In regard to the building construction section, housing represented
29.44%, industry 34.73%, business 19.12% and 16.715 to other
constructions in 2019. In addition, the National Energy Balance —
BEN'® which includes all sectors, points to housing as representing
10.46% of the total primary energy consumption in the country,
followed by the public and services 5.22%. The electric sector and
systems losses correspond 10.87%; agriculture represent 4.36%. The
main consumption is associated to industrial production 33.89% as
well as mobility and transport 35.26%.

It’s remarkable that Brazil has an electrical matrix of predominantly
renewable origin, with highlighted by the water source that responds
by 64.9% of domestic supply; renewable sources represent 83.0% of
the domestic electricity supply.'

According to Tomashow,” energy is fundamental to the
organization as part of the efforts towards sustainability on university
campuses. For the author, the issues related to energy use and activity
management become part of «the nine elements of a sustainable
campus», along with food, material flows, governance, investments,
welfare, curricula, interpretation and aesthetics. They are considered
more than a building supply, by serving as the direct connection
between the campus and the biosphere. Also, to Tomashow," these
elements inform the community about the organization’s decisions.
Based on their integrated implementation, there’s great potential to
promote leadership and consequently effective results. It encourages
campus work on transformation, as well as its agents and the
community to which the university has the role of supporting the
sustainable ethos.

It is remarkable that, nowadays, energy policies have a transitional
concept that combines the reality and the future,'* it contributes to
a new design of a sustainable and innovation-conducive university
campus, for instance by biophilia,'>!*!7 which claims that the innate
human need to connect with nature requires a radical modern society
reform. In turn, universities have an important role to fulfill in order
to meet such needs.

By a global perspective of the 2030 Agenda to achieve the
Sustainable Development focusing in the Goal 7 — affordable and
clean energy, the Sustainable Development Outlook 20208 considerer
a projected distance from the targets by 2030 at current trends, even
with the post-COVID-19 effects; the reports shows a 5-10% distance
of promoting the access to electricity (7.1 strategy) and more than
10% to share of renewable energy (7.2) and energy intensity (7.3).
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These gaps reinforce that, going forward, a greater partnership is still
necessary among stakeholders, institutions, and nations for achieving
the SDGs and in the new scenery of public health crisis.

The campus serves as a favourable environment for a new way
of thinking about higher education.® Therefore, it is imperative to
establish universities as a centre that can contribute to incorporate
all community and academic agents to work towards sustainability
measurements. For instance, energy consumption can be reduced
more efficiently and effectively when supported by changes in human
scale. According to Tomashow," energy consumption behaviours
are more likely to change when there is an adequate infrastructure
that affects and influences its user’s behaviour such as students/
future professionals, teachers, administrative staff, managers, and the
community.

In regard to academic and administrative issues, several authors
have pointed to energy consumption and its impacts on university’s
performance. Alshuwaikhat and Abubakar'® propose an integrated
and systematic approach to achieve campus sustainability. The
authors propose implementing either an Environmental Management
System (EMS) according to ISO 14000 or an alternative method/
practice,’*?!?? towards public participation, social responsibility
as well as sustainability teaching and research. According to
Alshuwaikhat and Abubakar,' there is a challenge to re-think and re-
construct environmental policies and practices in order to contribute
to sustainable development at local, national and international levels.

Similarly, Faghihi et al.** claim the focus on energy consumption
reduction is a critical barrier to improve campus sustainability. They
also demonstrate how efficiency, conservation efforts, and their
interactions, impact improvement program performance under capital
constraints. Based on a systematic and dynamic modeling approach, it
captures and reflects casual feedback that drives program performance
and requires performance measures on energy consumption as well
as energy savings with a monetary correlation. Amber et al.** also
propose a forecasting model based on real data sets and buildings
types (for academic and administration use). Both research projects
show the importance of monitoring and analyzing the patterns for
building energy and consumption.

Drahein et al.”® tested a procedure for assessing the adoption of
sustainable practices in seven Brazilian HEIs. Before evaluating
its national context, also analyzed by Frandoloso,”® a model was
presented to identify practices adopted on service operations within
five axes: governance/policies, people, food, energy/water and waste/
environment. This study focused on solid management waste, which
reflected upon major practices and specific actions related to energy
performance dimension. A methodological approach was developed
by adjusting previous research projects and practical experiences by
Universitat Politécnica de Catalunya — UPC.?"?® It also included new
research guidelines adaptable to specific Brazilian characteristics at
University of Passo Fundo — UPF.%%

The goal of this method is to develop an operative and management
tool. It aims to support the decision-making processes to improve the
efficiency of the existing built-up park. It allows an economic and
environmental assessment of the repercussions each incident has in
energy consumption as well as the habitability of higher education
environments. However, it is also applicable to other functional
typologies. The present article presents an excerpt of this methodology
application in addition to results which emphasize energy aspects.

By analyzing the evolution of the factors involved in energy
consumption, the goal is for the university to reflect upon its practices
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in all academic and administrative activities, in order to develop tools
that contribute to Education for Sustainability and SDG 7, especially
at the closure of infrastructural materials and energy cycles.?2%3
It is imperative that the decision-making processes and normative
instruments observe the guidelines presented here, because they
enable evaluating investments and costs from an environmental
management and design strategy implications. The present paper
reports the Ph.D. thesis developed by Frandoloso?® making a summary
of the whole work.

In addition, this study can reflect and contribute to, not only with
a sustainability assessment by infrastructures and building stock of
University of Passo Fundo, but also to similar HEIs or even similar
buildings stock parks (e.g., public complex, schools, administrative
campuses).

Methodology of assessment

Energy audit methodology

The starting point of this research displayed the experiences of
Polytechnic University of Catalonia — UPC. In order to attend to
the European Directives, it discusses and applies various planning
activities and natural resource management as well as their impact
towards the university campus and building stock.?”*3! Tt also
associates applicable strategies for higher education®? and evaluates
concrete actions. Some of these actions took place in the Department
of Technology in Architecture and involved the PhD program in
Architecture Research, Energy and Environment at UPC.

This article presents the application of reference values and
index ratings obtained from thermal and energy performance in the
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university buildings. Moreover, a brief example of sustainability on
campus was also presented by Frandoloso® who evaluated the positive
and negative factors on this project, and lead to a new methodology
that verifies its applicability in another university context, in this case,
the University of Passo Fundo - UPF, located in southern Brazil.

Creating a new approach entailed adjusting and improving previous
reference methods in order to contextualize Brazilian and UPF’s
profile characteristics. This methodology was utilized as a reference
point for natural resource management tools and their economic
repercussion towards university policies and concrete actions.

The study was developed with methodological references
implemented at UPC, based on Energy Audits.>*3>3 It incorporated
effective projects developed by the Resource Consumption Efficiency
Plans — PECRs, especially from Energy Use Projects (POEs),
implemented by UPC.*'" Such procedures were adjusted and
contextualized for UPF’s evaluation® as it is represented by Figure 1.

Based on the Energy Audit methodology, two groups of
information were evaluated with a pragmatic approach: a static
data group (without temporal variations such as architecture and
construction data as well as location) and a dynamic data group (with
temporal variations such as energy consumption, intensity of use and
occupation, environmental variables and management). The dynamic
data was obtained by modelling the occupied area, the number of
users and activity types, generating schedules and usage profiles.
They correspond to Phase 1 of the diagram - inventory and mapping
data (Figure 1). In addition, three other phases were also structured:
Evaluation, Diagnosis and Lines of Action as well as Intervention
Proposals.

Phase 1 Phase 2 Phase 3 Phase 4
Inventory Assessment Diagnosis and Proposals for
and mapping of data lines of action intervention
- Envelope
Static Data Wwall
Location and Roof

construction
Envelope
Facilities

Usage profiles

Solar shading

Facilities and
Consumption

Comparison reference
values - indicators
Potential savings

Decision-making
processes

Policies for eco-efficiency

Plan of actions

Air-conditioning
Lighting
Equipment

Usage and Comfort
Occupancy
Usage
Comfort Conditions

i

Dynamic Data
Energy consumption Management
Environmental Process

variables Tools

Comfort conditions

Intensity of use
Management

Figure | Energy assessment methodology.

The real conditions of the selected buildings were simultaneously
obtained through indoor temperature and humidity measuring devices
(Data-loggers Testo, models 175-H2 and 175-T1), analogical energy
gauges and monitoring systems SmartGateM.*® The comparative
energy and thermal performance analyses were generated by the

Lines of action

&
o

software DesignBuilder, that also generated results about indoor
thermal comfort conditions.

The research stages were then defined based on UPC’s experience.
It states 5 steps to be considered in this process. Figure 2 presents a
flow chart of the developed research considering five aspects:
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Step 2
Thermal comfort conditions
Step 3 .
evaluation
N
§
Step 4 I
Step 5 ‘ Actual building evaluation

Figure 2 Research flow chart.

I. Step 1 — Factors analysis involving energy resources
consumption in the university buildings (demand, management
and equipment yield);

II.  Step 2 — UPF’s diagnosis of efficiency context, with emphasis
on energy use;

II. Step 3 — Evaluation of comfort conditions in academic
environments. Evaluation of corresponding performances of
architectural variables and building systems;

IV.  Step 4 — Proposition of decision-making criteria for energy
efficiency;

V. Step 5 — Evaluation of actual building conditions. Comparison
simulations from ideal theoretical models to promote envelope
and systems improvement.

The incidental factor assessment evolution in energy consumption
is intended to demonstrate how it is possible for UPF’s administrative
staff to develop strategic and integrated plans. It can assess
investments, costs and the implications of environmental management
and design, that corresponds to power and emissions strategies. As a
result, the following questions have been brought up, based on such
research proposition: “Can these strategies be effectively applied by
economic and administrative budget cuts or by commonly adopted
administrative practices? What is the real impact among the decision-
making process, administrative policies and the positive outcomes of
an eco-efficient building stock?”

The overall objective of the research focuses on proposing
applicable criteria, methods and processes to implement energy
efficiency at UPF. Besides, it seeks to improve thermal performance
within learning and workspaces. The present research focuses
specially on transforming such methodology into a feasible and
operational tool. In other words, it aims to build up instruments and
guidelines for decision support, in order to improve the performance
of existing and new buildings; to allow an accurate assessment of
the impact of incidental factors in energy consumption. The main
challenge of such assessment, however, is to rationalize the decision-
making process, in order to reduce management and usage costs and
to develop alternatives to stocks and investments.
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Although this type of work is increasingly being adopted in
contexts of developed countries, in developing countries such as
Brazil and Latin America, for example, the implementation of these
practices continues to be restricted, both by economic and political
issues but also by the lack of infrastructure planning processes. This
fact places an importance on the role of research that drives a shift
towards the UN SDGs.

Research scope: UPF and the field of study

UPF is a community university and a non-profitable institution
with seven campuses; therefore, it has a regional influence on the
North of the State of Rio Grande do Sul, in Southern Brazil. The
main campus in the city of Passo Fundo has 341ha, located on
the surroundings of the urban area Figure 3 & 4. This campus is
responsible for almost 85% of the entire energy consumption of the
university campuses, which justifies the importance to assess how
its buildings and infrastructures deal with energy issues and indicate
measures to improve their efficiency.*’

Miranda River

o

)
UPE - PO
Campus | R

Figure 3 Passo Fundo urban area and UPF's Campus 1.2

Figure 4 Campus | and urban neighbourhood.?

As part of the study’s goals, two university buildings in different
stages were selected. Both buildings were built within the last 45 years
(created in 1973) and were chosen due to their construction typologies
as well as their usage and occupancy factors: Figure Sa hosts
administrative and teaching blocks from the College of Engineering
and Architecture (CEA) - Building G1; Figure 5b presents a building
with laboratories and classrooms. It hosts the CEA and the Centre for
Research in Agriculture. In these paper two rooms from each building
were selected, located in opposite directions, according to the thermal
multi-zones showed by the Figure 6a and 6b.
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Figure 5 Building G| — Northeast Facade (a); Building L1 — North Facade (b).2

Uni_ClassRm
Uni_Circulation
Uni_OpenOff

Uni_HighDensIT

Uni_CellOff
Uni_Reception
Uni_HighDensIT
Uni_ClassRm
Uni_Lab o

Figure 6 Building G|:Thermal multi-zone, upper floor (a); Building L1: Thermal multi-zone, upper floor (b).2

Analysis of results
Static and dynamic data

The different methodological application stages resulted initially
in the characterization of the building envelopes with the heat transfer
coefficient (U-value), corresponding to Phase 1. In addition, it also
resulted in the static data evaluation according to NBR15220*" and
NBR15575* indicated by Bioclimatic Zone 2 (ZB2) where Passo
Fundo is located. This information was calculated by the program
DesignBuilder and adopted as a simulation tool.

The static data of the envelope of G1 Bld. is characterized by the
current construction system from the 1980s, with single masonry walls
and expanded polystyrene ceiling on the upper floor. L1 was built in
the most recent typology (1990s) with double brick walls and concrete
ceiling. Cross-results shows the classification of the envelope’s
energetic efficiency level. They observe Brazilian’s Technical Energy
Efficiency Level Quality Regulations for Commercial, Service and
Public Buildings- in Portuguese RTQ-C,** and were framed at level
“B” for walls and level “C” or “D” for both building roofs, as shown
in Table 1 below.

Citation: Frandoloso MAL, Cunha EG, Burgos AC.The decision-making process towards implementing energy efficiency in a university-built park in southern

Brazil. Int | Hydro. 2021;5(6):265-279. DOI: 10.15406/ijh.2021.05.00288


https://doi.org/10.15406/ijh.2021.05.00288

The decision-making process towards implementing energy efficiency in a university-built park in southern

Brazil

Table | U-value according to RTQ-C for ZB2 and G| and LI classification®
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Roof
Quality level Air-Conditioned Non-conditioned External walls
A U<0.5W/m2K U<1.0W/m2K U<1.0W/m2K
B Us<1.0W/m2K Us<1.5W/im2K U<2.0W/m2K (Gl y LI)
Cand D U<2.0W/mK (Gl y LI)) Us3.7W/m2K

In order to classify the static data, the use and occupancy of all
environments were monitored as well as the energy consumption,® as
shown in Table 2:

The control of energy consumption is centralized on Campus I.
However, a new system was set up in all energy consumption units
(SmartGateM — Gestal) between 2009 and 2012, that allowed to control

Table 2 Static and dynamic data and theoretical energy demand®

and monitor on-line energy consumption. The energy consumption
monitoring automatically takes place when pre-established limits
were exceeded. In addition, energy dependent installations can be
disconnected or activated with a self-generating equipment. This
equipment is used to control consumption fines and surcharges from
6pm to 9pm.

Bld Surface Occu Condit. Surface  Condit. Power  Equip. Power Light. Total Power Density (W/
o) P (%) (%) (%) W) m?)

Gl 2696.56 863 624.11 25.56 62.1 12.34 304.668 113.06

LI 3389.77 645 988.7 29.28 63.67 7.05 539.66 159.21

Based on the assessed period results (from 2009 to 2012), it was
possible to trace the evolution of energy consumption (Figure 7).
Greater energy demands were identified by the installed equipment
(personal computers), as well as by an increasing number of students
which represented approximately 118% from 2003 to 2014 and
28.10% from 2009 to 2012. These indicators are reflected in annual
total energy consumption, increasing in 96.00% in G1 for the building
that holds the main classroom occupation, and 63.05% in L1 where
laboratory use is predominant.

400.000
350.000
300.000
250.000

G12012

200.000
150.000
100.000

50.000 ,

Jan Feb Mar Apr May Jun Jul
kwh/month

G12011

G12010

G1 2009

Ago Sep Oct Nov Dec

EG12009 ®G12010 ®G12011 ®mG12012

400.000
350.000
300.000
250.000
200.000
150.000
100.000

50.000

L12012
112011
112010
L1 2009

Jan Feb Mar Apr May Jun Jul Ago Sep Oct Nov Dec

KA/ O m112009 (12010 ®L12011 WL12012
Figure 7 Comparable monthly energy consumption in buildings G| and LI
from 2009 to 2012.¢

Thermal comfort conditions

In order to assess users’ well-being, the Fanger’s Predicted Mean
Vote — PMV*+ was adopted. PMV includes internal and external
environment variable averages (radiant mean temperature, air
temperature, air humidity and relative air speed) and global temperature
to generate standard values. In addition, internal environment thermal
tolerance is subject to ISO 7730 pattern regulations. PMV or analytic
sensation for thermal comfort values were obtained through thermal
balance between man and environment.

DesignBuilder was used to identify indoor thermal comfort
conditions. A total of 4 rooms from both buildings were evaluated
and classified according to the ASHRAE Bedford thermal sensation
scale.®® To make the climate characterization was adopted an epw
file, as showed by the Figure 8; the figure also allows to stablish the
correlations with the monthly energy consumption presented in the
Figure 7, related to climate conditions and occupancy schedule.

Table 3 displays a comparison of all 4 thermal areas based on
its environmental monitored variables by data-loggers equipment.
These areas are the following: Zone 5 situated in the ground floor
where the Office of Architecture and Urbanism Courses was located.
Upper zone 1 — Office of Environmental Engineering. Ground floor
2/2A- Processed Meats Laboratory and ground floor 5A - Classroom
Practices Laboratory.

Results from the software simulation present (Table 3) the annual
PMYV thermal zones index values. They state that spaces from building
G1 present sensations close to -1 (comfortably cool) and even values
from building L1 are classified in the Bedford scale*® with positive
indexes (hot). A heat discomfort sensation was reported at the Meat
Laboratory due to the heat generated from the cooking equipment.

Due to the fact the air-conditioning systems presents a reduced
used area in operation of 23.14% at G1 and 20.17% at L1 (Table
2), it means a partial coverture of the equipment; a complementary
methodology of adaptive comfort was adopted for naturally
ventilated spaces,**%5152 referenced by the ASHRAE Handbook
— Fundamentals,*® and applied in Brazil by Negreiros.> The data-
loggers used to register the real indoor environmental variables of
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temperature and humidity, presented in the whole work developed?

confirms these results.
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sensation of 73.46% of the hours in building G1. The heat conditions
slightly exceeded cold ones, 15.10% and 11.44% respectively, as
showed in Figure 9.

Considering the percentage of occupied hours, generated by usage
reports (from 8:00am to 10:30pm), there is a predominantly comfort

PSYCHROMETRIC CHART LOCATION: Passo Fundo_BRAZIL, BZ, -
Adaptive Comfort Latitude/Longitude: 28 3° South, 52 4° West, Time Zone from Greenwich -3
Data Source: TMY2-83914 - WMO Station Number, Elevation 684 m |
|
LEGEND RELATIVE HUMIDITY 100% 80% "
DESIGN STRATEGIES: JANUARY through DECEMBER
COMFORT 20.4% 1 Comfort - ASHRAE 55 PMY Model{1790 hrs) 30, 9E% _-029
100% Bl COMFORTABLE 13.0% 2 Sun Shading of Windows{1140 hrs) 3
0% [ NOT COMFORTABLE 26% 3 High Thermal Mass(231 hrs
= S g 024
1.8% 5 Direct Evaporative Cooling{156 hrs) WET-BULB
2.0% 6 Two-Stage Evaporative Cooling(178 hrs) TEMPERATURE 1
: = 18.7% 7 Adaptive Comfort Ventilation{1636 hrs) DEG. C v
MODR: |BLEASHRACSS MY iz 2.0% 8 Fan-Forced Ventilation Cooling(172 hrs) =020
PLOT: COMFORT . 41.4% 9 Internal Heat Gain{3626 hrs)
10.1% 10 Passive Solar Direct Gain Low Mass(888 hrs) o
@ Hourly () Daily Min/Max 14.2% 11 Passive Solar Direct Gain High Mass(1242 hrs) 016 =
- - 6.5% 12 Wind Protection of Outdoor Spaces(569 hrs) P 4 E
@ AllHous © Selected Hours 0.0% 13 Humidification OnkXD hrs) ¥ £
Lt through | midnight 5.6% 14 Dehumidification Oniy(487 hrs) §
- - 4.9% 15 Cooling, add Dehumidfication if needed(433 hr {08 &=
@ AllMonths © Selectzd Months 20.9% 16 Heating, add Humitification if needed(1830
s theoch IR 99.9% Comfortable Hours using Selgejeg Strat
(©) One Month | Jan Next Manth (8755 out of 8760 hrs) : 1008
) OneDay | 1 Next Day 5 L
TEMPERATLRE RANGE: 9 : B U004
@ -1t © FittoData = "
Display Design Strategies
[ Show Best set of Design Strategies 10 5 0 5 10 15 20 40
DRY-BULB TEMPERATURE, DEG. C
Figure 8 Psychrometric Chart — Adaptive Comfort by Climate Consultant.®
Table 3 Thermal comfort conditions in thermal areas based on software simulations®
Bld. Room/Solar orientation Summer Discomfort (h)  Winter Discomfort (h)  All Clothing (h) Annual PMV
Gl Arch. and Urb. (NO) 1958 1465 929.5 -1.067
Environ. Eng. (SE) 2074 2333 2592 -0.847
LI Meat Laboratory (NNO) 3395.25 3176 2968 0.567
Practices Lab. (SSE) 2481.5 2374.25 2363.5 0.224
100 Modeling results
e B cold g
80% 73,46% To achieve the assessment goals, the energy modelling describes
h the process of creating or using a model that focus on energy as
60% Mnat an economic resource, to capture characteristics of real systems
and represents in a computer the behavior that the system would
9 . o . .
40% ppm— 26,74% @ comfort present in the same boundary conditions as in reality.>*® Energy and
20% ' performance models can have data incorporated which allows to make
11,44% better decisions in the processes of buildings design and controls in a
0% - B outdoor way to increase the performance and control an energy system.’’
0, H H . . . .
Gl 80% satisfaction comfort |, All previous phases and data analysis presented in Figure
100% 1, allowed the development of different simulation models by
80% M cold DesignBuilder. They were also compared with the actual results
64,42% of energy consumption obtained from a monthly follow-up by the
60% B hot SmartGateM monitoring system.
40% B T In Phases 2 and 3, the comparison between the simulated reference
23,22% M comfort model R and the actual measured data for each of the analysed
20% 1738w buildings and scenarios were established for the theoretical models,
0% - i . m outdoor according to Figure 10:

80% satisfaction comfort

Figure 9 Adaptive thermal comfort conditions: GI and LI.6

Theoretical Model T1: conditioning of all permanent activity
spaces, in order to cover the demands of thermal comfort condition

Citation: Frandoloso MAL, Cunha EG, Burgos AC.The decision-making process towards implementing energy efficiency in a university-built park in southern

Brazil. Int | Hydro. 2021;5(6):265-279. DOI: 10.15406/ijh.2021.05.00288


https://doi.org/10.15406/ijh.2021.05.00288

The decision-making process towards implementing energy efficiency in a university-built park in southern

Brazil

improvement, under the criteria defined by the Brazilian directives
RTQ-C*#* and RAC - Conformity Assessment Requirements for
Building Energy Efficiency*® for the certification in level “A”;

I. Theoretical Model T2: in addition to environment conditioning,
the impact of portable computers usage increase by students, as
well as changes in the envelope were also evaluated, according
to the criteria of RTQ-C and RAC;

ENERGY AUDIT
+ STATIC DATA
* DYNAMIC DATA

. Energ'{ Performance
al performance
* Adaptive Comiort

* Therm

DESIGNBUILDER SIMULATIONS
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II. Theoretical Model Tn: developing alternative models and
combining results, if necessary, in order to meet the assumptions
of previous evaluations;

III. Theoretical Model Tideal: definition of the most appropriate

model for the research requirements and conditions.

ENERGY
CONSUMPTION
SMARTGATE

BLD G1 -11

Figure 10 Simulation models and real input.®

The models aimed at improving efficiency, either through different
strategies in the envelope (thermal insulation and absorptance,
sun protection, transparent closures/frames), or by better use and
management of equipment and systems. These models also considered
the profiles of users, schedules of occupancy, lighting devices,
equipments etc.

In order to reach the definition of an ideal Tideal theoretical model,
real results were compared. From the identification of the differentials
O between the ideal simulation situation and measurement, the
real building’s equivalence ARealBuilding was obtained, and
consequently, the definition of the theoretical model Tfinal, also
represented by Figure 8.

Table 4 Variable corelations for each simulation model?

@

1 L1

The results of all simulations - Phase 3 - are represented by the
correlation of each of the variables according to Table 4, by comparing
the results with the reference model R using a percentage deviation.
The representation Figure (11 & 12) is dimensionless in order to have
different variables and units compatible such as:

o electricity (lighting, equipment and computers), heating and
cooling related to model R (%);

 conditioned areas of the building (%)
* thermal comfort of occupied hours (%);

» envelop formed by walls and roofs compared to the minimum U
coefficient for level A according to RTQ-C.

Bld Model #1 #2 Energy Heating Cooling Conditioned Areas  Thermal Comfort Hours UWalls U Roof
GI_R 0 0 0 0.23 0.73 -0.33 -1.71
GI_TI 0.01 1.42 0.17 0.74 0.77 0.01 0.02
GI_T2 0.02 231 -0.09 0.74 0.79 0.01 0.02
GI_T3 0.62 -0.43 0.48 0.23 0.52 -0.33 -1.71
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Bld Model #1 #2 Energy Heating Cooling Conditioned Areas  Thermal Comfort Hours UWalls U Roof
GI_Ti -0.22 2.06 -0.33 0.74 0.79 0.0l 0.02
LI_R 0 0 0 0.29 0.64 -0.13 -1.72
LI_TI 0.03 525 1.31 0.85 0.87 0.12 0
LI_T2 0.06 27 I 0.85 0.84 0.12 0

LI_T3 0.02 2.97 0.66 0.85 0.88 0.12 0
LI_T4 0.12 -0.02 0.0l 0.85 0.63 0.12 0

LI_Ti -0.14 281 0.51 0.85 0.88 0.12 0

#Building GI: Model R — reference; Model T1: extension of the conditioned areas; Model T2: extension of the conditioned areas + changes on VRF systems + envelope

improvement; Model T3: expanding the demand for laptop; Ideal Model Ti
#2Building L1: Model R — reference; Model T | : extension of the conditioned areas; Mod

el T2: expansion of the conditioned areas + envelope improvement; Model T3: extension

of the conditioned areas /VRF + envelop improvement + window sun protection; Model T4:T3 + expansion of laptop demand; Ideal Model Ti

3.00
2.50
2.00
1.50
1.00

.I

Heat g

0.00

Energv Coolln

-0.50
-1.00
-1.50
-2.00

BG1 R mG1 T1 =mG

variables for G| building models.

Heating

Figure || Correlation between

Energy Cooling

EL1 R WLl Tl mLl T2

Figure 12 Correlation between variables for L| building models.

Figure 11 represents the G1 building and the Tideal (Ti) model
assumes that, in order to achieve a higher level of thermal comfort
in occupied hours (Comfort Hours = 0.789), there is a corresponding
increase in energy consumption for heating (2.065); in addition to the
expansion of the conditioned area (0.743). For different purposes,
the energy would be below the reference model, G1_R: -0.220 for

Condit.
Surface

H comfort s R

172 mG1 T3 ®EGLlTi

Condit: H comfort U walls YU Roof

Surface

mL1 73 WLL T4 MLLTi

general uses and 0.328 for cooling. For the envelop, the most relevant
improvement is for U Roof, initially classified with low performance
(-1.712) to 0.024 in the Tideal.

On the other hand, for building L1 (Figure 12), model Tideal
indicates that, in order to reach an increase in Thermal Comfort Hours
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(0.883), and respective expansion of the Conditioned Area (0.846),
contributions for Cooling are needed (0.505) at a level high above
Heating (2.810). The U Roof impact improvement index is of 0.003
when compared to the value of -1.717 on the existing building —
model R.

In regard to the differences among the distinct simulation
models, graphs point out that heating is the most relevant aspect, in
meeting the demands of thermal comfort during cold periods. This is
particulary important in this climatic context and also for roof quality
improvement. In summary, Tfinal models results on energy impacts
indicate the following:

* Gl - Expanding the conditioned area, changing air conditioning
systems (VRF) and improving envelope estimates a 3.30%
increase in energy consumption;

* L1 - In addition to the conditioned area expansion and envelope
improvement; sun protection on large existing window surfaces,
indicated a 13.92% increase in energy consumption.

Based on these data, it is possible to state that supporting thermal
comfort conditions means improving the envelope and conditioning

Table 5 Lines of Action
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permanent used spaces. It means proposing integrated investments
that go beyond the installation of air conditioning systems (commonly
proposed by UPF’s administration). Each specific action must be
contextualized and include long-term economic results. However,
the projections obtained from theoretical models only serve as
guidance, to be assessed within the goals of University’s PDI -
Institutional Development Plan. As proposed by UPF’s strategic plan,
it is important to note that isolated investments in air-conditioning
can certainly expand the use of energy resources and consequently,
positively impact the institution financially. They do not necessarily
mean an improvement on environmental efficiency and conditions of
use.

Lines of action

Towards the end of Phase 3, lines of action were established to
improve energy demands, conditioning equipment performance and
management and overall factors that affect the energy consumption
in this study. These guidelines were indicated as measuring packages
and priorities, which integrate three factors. Table 5 summarizes these
lines of action.

Adjustments in use and occupancy profiles, with attendance of at least 80% thermal comfort in occupied hours (percentage of thermal comfort hours);

Improvement of facade performance, adapting to indicated minimum values of U<1.00W/m?K - level “A” by the RTQ-C;*4458

Quality improvement through roof rehabilitation, with U<0.50W/m?K for conditioned buildings and U<1.00W/m?K for non-conditioned ones —“A” RTQ-C

level;

Introduction of sunscreens on building LI;

Adoption of strategies to guarantee natural ventilation, summer parameters of 0.19m/s and winter parameters of 0.16m/s, with air renewals> 27m3/hour x

person;

Management of individual actions to obtain thermal comfort conditions according to adaptive criteria;

Continuous maintenance of existing conditioning systems;

Adoption of setpoint heating temperatures of 20°C (68°F) and 26°C (78.8°F) for cooling, increasing the normative limits of current RTQ-C of 22°C (71.6°F)

and 24°C (75.2°F), respectively;

Gradual conditioning system replacement according to energy performance criteria, preferably at reverse-cycle A-rated VRF (RTQ-C) systems: CoP 3.8 for
installations lower than 19kW and 3.22CoP/3.78CoP for installations between |9kW and 40kW;

Lighting systems retrofitting, with savings of approximately 47%;

Adjustments of computer equipment and laboratory performance, as well as their conditions and usage profile, targeting the consumption of targeted buildings;
Identification and reduction of “bottom consumption” that implies a certain amount of energy losses, identified in the periods of least occupation and use.

Even when the current study presents detailed results from each
of the real and theoretical models; it is imperative to point out to a
major issue: the increased electric energy consumption costs. Hence,
it becomes relevant to invest in new systems and envelope changes,
which target procedures that convert non-measurable variables into
financial measures such as thermal comfort conditions of academic
environments (classrooms, offices, laboratories, etc.) and its use.
Some of these guidelines have already been incorporated into UPF’s
strategic plans, but they have not been concretely and efficiently
implemented.

The decision-making process

According to Tomashow,” energy is fundamental to the
organization of campus sustainability efforts. In order to obtain
positive results, it is essential that decision-making processes be
inclusive and participatory. For that reason, as pointed by Frandoloso
etal.®, it is important to incorporate essential mechanisms that include
energy efficiency or more broadly eco-efficiency methodologies into
the organizational structure of the University of Passo Fundo.

For this purpose, to further development the current structure
and operational improvements were identified. It was initially based
on UPF’s strategic planning and currently awaits faculty and staff
revisions. Additionally, an applicability control system and systematic
evaluation process could be proposed as well.

An important detail for this procedure’s positive outcome is related
to administrative decisions regarding forming a specific sector for
energy management. Former management proposals have not been
implemented, meaning that the SmartGateM system is not currently
operating.

As mentioned previously, conditioning classrooms and other
university sectors are part of UPF’s Institutional Development Plan
- PDI 2012-2016,% which was proposed to be executed by the end of
2016. In the institution’s current Development Plan, PDI 2017-2021,%°
such proposition was generalized in order to “qualify environmental,
working and studying conditions”. Such action gave visibility to
these issues by promoting better diagnosis and evaluating alternative
options.

Citation: Frandoloso MAL, Cunha EG, Burgos AC.The decision-making process towards implementing energy efficiency in a university-built park in southern

Brazil. Int | Hydro. 2021;5(6):265-279. DOI: 10.15406/ijh.2021.05.00288


https://doi.org/10.15406/ijh.2021.05.00288

The decision-making process towards implementing energy efficiency in a university-built park in southern

Brazil

Two additional actions from PDI’s plan entail describing work
and study environment conditions: “Permanent campaigns are
implemented in order to raise awareness and rationalize resource
usage”, “An institutional program is also developed to manage a
sustainable environment and promote eco-efficiency”. Although it
was a program elaborated under the provost’s responsibility, which
was planned to be executed by December 2013; both actions are
yet to be completed. In the institution’s current Development Plan,
these actions were permanently and retroactively modified in order
to “update sustainable, environmental, ecoefficiency and the social
responsibility of institutional programs”.

Table 6 Principles and goals for energy efficiency®'
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Although environmental policies (PAI) have been developed® by
two thematic axes: a. energy efficiency, b. planning, construction and
space occupancy; principles and goals were outlined based on their
guidelines. However, their respective responsibilities and deadlines
were not taken into account. In other words, the effective decision-
making process is still open; but the necessary methodologies or
indicators to actually achieve pre-established challenges were not
determined; Table 6 below presents key principles and goals for
energy efficiency.

Theme Principles Goals

Energy Efficiency  Energy efficiency in all sectors;

Management and minimization of energy waste; Research
about new non-conventional and sustainable energy sources.

Optimization of energy use;

Implementation of an integrated program and measures to
control energy waste;

Reduction of energy related consumption costs; Promotion
of research projects that focus on sustainable energy
generation.

The water consumption is proposed in an integrated perspective
to modernize and adapt the infrastructure of the campuses to follow
the good practices of environmental sustainability, for example, the
rainwater use and the protection of water resources from exclusively
its own sources located on campus I. Solid waste, liquid effluents,
and emissions generated in the activities and UPF sectors should be
adequately managed, with the rational use of natural and material
resources, to reduce and prevent pollution and to preserve or improve

Table 7 UPF’s Environmental and Energy Efficiency Program

the quality of the environment, following the current rules and
legislation.

As a result of the research methodology steps, in Phase 4, the lines
ofaction were included to contribute into the decision-making process.
It is considered part of UPF’s planning-Institutional Development
Plan, as well as an intervention proposal into the «Program of
environmental and eco-efficiency energy «designed for University of
Passo Fundo, according to Table 7.

Analysis of the buildings’ useful life span and the application of sustainable construction principles;

Construction parameter revisions for new buildings, using the appropriate envelope based on the minimum requirements of U indicated by the RTQ-C, as well

as by thermal bridge treatment;

Adoption of solar orientation definition criteria, suitable for habitability restrictions of different architectural programming sectors, such as artificial conditioning
laboratories located between SW and SE directions, with lower radiation gains; classrooms, offices and teachers’ rooms preferably located between NNW and

E solar orientations;

Lamp replacement by LED systems whenever possible, or by high-performance fluorescents;

Lighting and dimerization sensors installation in extended-stay rooms lighting systems;

Retrofit programs, with the implementation of improved thermal comfort conditions, in at least 80% of used hours, which corresponds to the complex local

climatic conditions (hot/humid in summer and cold/humid in winter);

Artificial conditioning with maximum setpoint temperatures of 20°C (68°F) in winter and minimum of 24°C (75.2°F) in summer;

Replacement of split direct expansion air conditioning systems by VRF systems with COPs greater than 4.0;

Application of either mechanical ventilation systems (if necessary, according to usage) or natural cross ventilation, as indicated by the Psychrometric Chart

guidelines as well as the evaluation of adaptive comfort results;

Inclusion of window frames with external sun protection to ensure reduction of solar gains, associated with passive heating strategies;

Development of a user awareness program regarding the use and operation of air conditioning systems (setpoints); use and operation of windows and internal
protection systems; as well as the activation of lighting systems.

Reestablishment of control programs and monitoring of the resources developed by the Campus Conservation Sector, such as SmartGateM — Gestal, a system
applied to electric energy consumption, and adoption of smart grids systems.Application of demand side response — an automated electric grid demand control
that reduces energy peaks and costs due to differences in consumption rates. Additionally, it is also financially beneficial, as it associates the generation and
distribution provider with the consumer - UPF;

Identification of generation source of consumption funds and proposition of consumption limits in peak hours for consumer units or academic units;
Low efficiency motor replacement by 80% or more;
Elevators retrofit by systems with regenerative braking and low power in standby;

Promotion and implementation of efficient use of natural resources (water, materials, mobility and COZ emissions, solid waste, etc.) and reduction of associated
environmental impacts, following UPF’s Socio-Environmental Responsibility Policy (Dalmolin and Moretto 2016).
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Finally, the establishment of these guidelines for the institution’s
rating and, consequently, a greater energy efficiency for UPF’s
building stock, on both new and existing buildings, must be included
in a whole Institutional Environmental Policy (in Portuguese: PAI).
PALl is supposed to be resumed under administrative direction, serving
as an effective tool to deal with sustainable issues at University of
Passo Fundo.

The evolution of the actions and practices on the operation of the
sustainability by UPF shows an increasing of the measures to achieve
energy effectiveness. Among the actions are the use of electricity
from exclusively renewable sources since 2018, with a reduction in
emissions of around 96.8 tonsCO,. A solar photovoltaic park was
built recently with a surface of 108m? and the capacity to produce
17.82kWp; energy production in the initial twelve months totalled
22,245 kWp, an output of saving money and approximately 22.3
tonCO, that were not emitted to the atmosphere.

Some procedures of lighting retrofit also were implemented
in the lats years, for instance was achieved a reduction of 60% in
energy consumption in the public lighting, besides changes with
the substitution of ordinary and inefficient lamps to LED systems.
All these policies and actions shows that administrative changes are
happening in the UPF structure, recognized by the sustainable ranking
of UI Green Metrics,* that the university take part since 2020.

Discussion

To improve UPF’s environmental and social commitment, the
university premises can promote favourable living conditions,
citizenship recognition, social coexistence among racial, ethnic and
gender diversity, which are essential for solidarity and urbanity.
Thus, the Social Responsibility Policy — RSU participative process®
was developed in 2014. Such policy included five axes such as: a)
organizational governance; b) human rights promotional practices; c)
community involvement and development; d) cultural, environmental
responsibility and preservation practices; e) dignifying working
practices and; f) fair marketing towards subjects who seek higher
level education. According to Leal Filho et al.’ all these approaches
increase sustainable leadership and initiatives when applied as an open
and continuous process. It means that the needs of subjects included
in this research reflect the guidelines of both university policies, the
RSU and the current PDI. It shows it is a feasible tool to assess and
qualify energy performance of UPF’s building stock.?

As mentioned previously, the monitoring and analysis of energy
patterns is proposed by Alshuwaikhat and Abubakar,'” Faghihi et
al.”® and Amber et al.**. The lack of a sustainable approach in most
universities worldwide indicated by the authors, is not completely
accurate for UPF, because over the past few years, normative and
practical experiences have been addressing these issues at UPF. In
addition, the present research also promotes sustainable changes
related to environmental aspects. The EMS proposed by Alshuwaikhat
and Abubakar® is current developed by UPF’s Environmental
Management System Guidelines.®® The RSU reached to another
approach which in turn encompasses public participation and social
responsibility.

The methodology applied at UPF Figure 1 & 2 and the guidelines
proposed by this study (Table 4 & 6) agrees with Alshuwaikhat and
Abubakar’s" assumption. It establishes priorities and contributes to
the decision-making process, indicated by the modelling found at
Faghihi et al.>® and Amber et al.>*. Both methodologies can contribute
to future development at UPF’s building stock and specially to other
similar typologies in carrying out audits in the future.
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UPF’s Environmental and Energy Efficiency Program, also accords
with Treu.!* It claims that an institution’s research and energy source
management, its economical and sustainability objectives (resources
optimization) as well as its environmental compatibility (increasing
use of renewable resources, for instance) require budgeting that
controls the accessibility of different energy sources.

Conclusion

UPC’s methodology, used as a reference for UPF proved to be
feasible. However, it needed to be adapted to the local institutional
needs. The core changes were related to the differences in energy
usage, which were mainly associated to heating at UPC (the Spanish
university setting) and to refrigeration and equipment at UPF
(Brazilian university setting). As a result, this methodology enabled
the verification of incident factor’s impact on energy consumption in
selected buildings.

The modelling by DesignBuilder for improved energy and thermal
performance, indicates the possibility to present different scenarios
to evaluate pre-existent conditions. It allows qualifying and adjusting
all building factors and its use by using simulations. As a result, the
degree of eco-efficiency for each theoretical model can be compared
to corresponding reference or real models.

Similarly, the developed models assessed the conditions of
indoor thermal comfort, including simulations for envelope thermal
performance improvement (walls and roofs). It was pointed as
deficient in comparisons to Brazilian regulatory parameters. However,
it was later integrated to UPF’s institutional policies regarding thermal
conditioning and usage, as well as in a requirement indicated by tools
to evaluate climatic context.

Considering the present results, it can be said that, in order to
promote thermal comfort conditions combined with energy and
thermal performance improvement; one must make integrated
investments. Each of the concrete actions must be contextualized and
integrated into long-term economic results. The theoretical model
scenarios only present one reference point.

The action guidelines and intervention proposals were included
within an «Environmental and Energy Efficiency Program for the
university». They especially reflected on the institution’s decision-
making processes. This program aims to address the Institutional
Environmental Policies about administrative and academic procedures.
However, it is up to University of Passo Fundo to reinforce a structure
that generates a paradigm change and concrete goals in all its built
park.

In terms of UPF’s planning and decision-making processes, the
University’s view regarding sustainability is still facing early stages of
implementation, as it has been identifying institutional procedures to
include environmental and social policies into academic regulations.
It is imperative to reinforce the structure generated by this new vision
so that it can turn into real goals and actions. It is important to always
keep in mind, however, previously formulated goals which are to be
effectively implemented and revised in a continuous feedback process.

The main aspect to be highlighted, however, is the result of the
agglutination of isolated actions that are developed by administrative
research groups responsible for UPF’s management. These actions
should converge into union’s efforts, and especially integrate all
community participants such as students, faculty members, technical,
administrative and maintenance staff. New future researches may
be generated from the present work, that seeks to evaluate different
buildings and to achieve balance and compatibility between comfort
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and economic costs. In that way, it’s important to proceed a proper
economic analysis of each strategy to improve envelop quality and
indoor conditions.

The construction of social and environmental policies certainly
indicates a paradigm change at UPF. However, it is essential to establish
effective procedures that incorporate sustainability throughout the
university campus, and that constant generate commitment and
responsibility at every stage of its decision-making process. An open
channel of communication between society and university is essential.
It is especially vital for the university’s philanthropic nature, as it
consequently expands the institutions’ role to promote education
practices and regional sustainability.

It is important to contribute to a continuous discussion about
universities leadership facing sustainable challenges, in order to
improve and increase proactive methods and procedures within
administrative and academic activities, which involve all stakeholders.
In a wider perspective, these subjects can collaborate to reduce the
current gaps for achieving the Sustainable Development Goals, not
only the specific SDG 7, but in an integrated way with the whole
closer 2030 Agenda.
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