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Abstract

Buildings contribute to 30% of global energy
consumption, with  universities  being
significant contributors. Mariano Marcos State
University (MMSU) in Batac City consumes
about 7 MWh of electricity daily. To address
this, MMSU established the National
Bioenergy Research and Innovation Center
(NBERIC) in 2017, aiming to become the
region's first Net Zero Energy Building (NZEB).
NBERIC implemented the 4Es approach:
Efficient Building Design, Energy Efficient
Technologies, Energy Conservation Measures,
and On-site Renewable Energy Systems (RES).
Between May 2023 and April 2024, NBERIC
achieved NZEB status, producing 95,742.18
kWh of renewable energy, slightly more than
its consumption of 95,470 kWh—a surplus of
0.285%. However, energy balance fluctuated
with  seasons, building activities, and
equipment use. The findings suggest that while
NBERIC’s renewable energy production meets
its current needs, expanding on-site RES is
essential for future energy demands. The study
underscores the need for ongoing energy
efficiency and conservation measures to
maintain NZEB status. Simply increasing RES
capacity without efficiency measures would
not be sufficient.

This case study offers a roadmap for
universities and government institutions
aiming for NZEB status, emphasizing the
integration of energy efficiency and renewable
energy strategies.
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zero energy building, renewable energy.
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1.0 INTRODUCTION

Buildings contribute significantly to global
energy consumption and emissions, with
operations accounting for 30% of final energy
use and 26% of energy-related emissions. In
South-East Asia, buildings consume 23% of
total energy. Reducing energy consumption in
buildings has become critical since the Paris
Agreement, making concepts like Net Zero
Energy Buildings (NZEB) increasingly relevant.
NZEBs aim to reduce energy use through
efficiency and meet remaining needs with
renewable energy.

Mariano Marcos State University (MMSU)
in Batac City consumes about 7 MWh of
electricity daily. With the establishment of the
National Bioenergy Research & Innovation
Center (NBERIC) at the university in 2017,
focusing on bioethanol and renewable energy
integrations, the building design and
construction were envisioned to be the first
NZEB in the region and a model for
government institutions particularly for the
university to lessen its dependence to fossil
fuels and lower its carbon footprint. To achieve
this vision, the general objective of this study is
to realize NZEB specifically by: (1) establishing
efficient building design by identifying and
applying appropriate passive and active design
strategies; (2) gathering annual energy
consumption data upon the normal operation
of the building alongside the implementation
of energy efficient technologies and
conservation measures; (3) establishing on-
site RE and assess the impact in the energy
balance (production vs consumption); and (4)
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identifying the ZEB tier based on the annual
energy balance of the building. These
objectives thus lead to the undertaking of this
study.

2.0 LITERATURE REVIEW

Buildings account for a substantial portion
of global energy consumption due to
increasing human comforts and service
demands [1-3]. Building operations are
responsible for 30% of global final energy
consumption and 26% of global energy-related
emissions, with 8% from direct emissions and
18% from indirect emissions due to the
production of electricity and heat [4]. In South-
East Asia, buildings account for 23% of total
final energy consumption [5]. Since the Paris
Agreement at the 21st Session of the
Conference of the Parties to the United
Nations Framework Convention on Climate
Change (UNFCCC), all member countries must
set greenhouse gas reduction targets starting
in 2020, with energy consumption reduction
being the most effective mitigation strategy.
Given that the building sector constitutes 30%
of global energy consumption, reducing
greenhouse gas (GHG) emissions in this sector
is important [6]. With these ongoing problems
and issues with regards energy supply
shortages, depleting energy resources, rising
energy costs, and the growing impact of GHG
on the climate, the concept of net Zero Energy
Buildings (NZEB), have gained popularity in
recent years [7]. NZEB grew more practical and
advance cases have already in existence
throughout time as a result of technological
advancements, academic researches, and the
falling cost of renewable energy sources (RES)
and energy storage systems (ESS) [6,8,9].

Research literatures are using different
terms and concepts of Zero-Energy Buildings
(ZEB) like net Zero Energy Building (netZEB,
NZEB), nearly Zero Energy Building (nZEB), Net
Zero Energy Building (NZE building), Zero Net
Energy (ZNE), Energy Neutral, Energy Self
Sufficient, Net-zero Site Energy Building, Net
Zero Source Energy Building, etc. [10,11] The
differing typologies, concepts and
uncertainties surrounding NZEBs globally have
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led nations to develop and implement their
own specific standards [11].

The two most common typology of ZEB is
NZEB and nZEB. NZEB was coined by the US’s
Department of Energy (DOE) wayback 2007
[12]. The definition of NZEB follows the
principle that energy efficiency and demand-
side technologies should be maximized before
considering RES; it is generally more effective
to conserve energy than to generate it. In other
words, an NZEB should be highly energy
efficient and capable of producing at least as
much energy over the course of a year as it
draws from the utility grid. [13] In 2010, US’s
National Renewable Energy Laboratory (NREL)
have classified buildings to NZEB A to D based
on their renewable energy supply options [14].
In the same year, the European Union (EU)
introduced the term “nearly Zero Energy
Building” (with a lowercase “n”) and defined it
similarly to the US as a building with very high
energy efficiency. The nearly zero or very low
amount of energy required should be covered
to a very significant extent by energy from
renewable sources, including energy from
renewable energy sources produced on-site or
nearby [12]. The nZEB concept presents a more
feasible approach, given the challenges in
achieving absolute zero energy consumption
[15]. However, the definition of nZEB lacks
specific technical details, requiring each
member state in Europe to determine its own
criteria. These criteria include primary and
final energy consumption (kWh/m?yr), the
thermal performance of the building envelope
(thermal resistance/transmittance), and the
percentage of renewable energy in the energy
mix [16,17]. Positive Energy Building or Plus
Energy Building (PEB) has been introduced
lately as next phase to EU’s nZEB due to the
advancement of Information and
Communication Technologies (ICTs) that
provides energy management strategies like
energy balancing and peak power reduction,
which can lead to more energy efficient and
more sustainable buildings [18]. A PEB
generates more energy than it consumes and
the surplus energy from the on-site RES is fed
to the grid or nearby buildings. PEBs can be a
remedy in EU to support older or
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architecturally constrained buildings were
achieving zero energy levels is not feasible or
cost-effective [19,20].

NZEB is often confused with “Zero
Emission Building,” “Net Zero Carbon
Building,” or “Net Zero Emission Building,”
which focus more on greenhouse gas (GHG)
emissions and climate change reduction
strategies. The key performance indicators
(KPIs) for these buildings typically focus on
GHG emissions and carbon dioxide equivalent
(CO2e) from various sources, including energy
use, transportation, materials, waste, water,
etc. The specific metrics or indicators can vary
according to national standards and
implementation guidelines [21] leading to a
proliferation of typologies and more
confusion. Usually, these buildings do not
permit carbon offsets. It should be highly
energy efficient, have zero direct GHG
emissions from energy use, and should be
powered entirely by clean energy sources both
on-site and off-site [22]. Meanwhile, the
ultimate goal of Net or Nearly Zero Energy
Buildings is to reduce energy consumption
through energy efficiency measures and
technologies, with the remaining energy needs
met by renewable energy, particularly
emphasizing electrical energy.

In 2021, the International Organization for
Standardization (ISO) finally set standard as to
accelerate the movement toward ZEBs and
classifying it into 3 different tiers [6] which the
Department of Energy (DOE) in the Philippines
also adopted based on their procurement
papers [23]. These are (i) ZEB-ready: are
buildings that employ advanced insulation
appropriate for its use and climate, exterior
surfaces and shading to reduce energy loads,
high-efficiency energy-conservation systems,
and optimization of energy consumption
through data integration and verification. (ii)
nearly ZEB: are buildings that nearly reach
(net) ZEB by having an annual primary energy
consumption close to zero, utilizing renewable
energy, and fulfilling ZEB-ready criteria and (iii)
(net) ZEB: are buildings that achieve zero or
negative net annual primary energy
consumption while also satisfying the criteria
for being ZEB-ready [6].
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NZEBs are not limited to industrial and
commercial buildings but also include
institutional buildings, particularly universities.
University buildings use energy-intensive
laboratory equipment, making them more
energy-demanding compared to standard
office buildings but less than industrial
facilities. The energy consumption in large
university campuses is comparable to that of
medium-sized cities, primarily due to air
conditioning units, equipment, and lighting
systems [24]. Our university, Mariano Marcos
State University (MMSU), consumes about 7
Megawatt-hours (MWh) a day, and this is
expected to increase due to its expansive
building infrastructure projects and the use of
air conditioning units for humid and dry
seasons. The local distribution utility’s (DU)
energy mix still relies heavily on coal, which
translates to indirect GHG emissions from the
university. MMSU has been proactive and
supportive of the government's goal of
reducing the country's GHG emissions since
2005. Before renewable energy sources like
photovoltaic (PV) systems became mainstream
and affordable, MMSU focused on energy
management and efficiency as mandated by
the DOE in 2007, achieving a reduction in
energy consumption of at least 10%. These
efforts resulted in a Five Star Award for 97%
compliance with the “Energy Conservation
Measures in the Government” in 2009 and the
“Don Emilio Abello Energy Efficiency Award” in
2017. Currently, the portion of on-site
renewable energy sources (RES) at the
university is insufficient to fully compensate
for or offset its energy consumption from the
grid. There remains a substantial need for
additional RES installations to cover or at least
lessen the large amount of energy demand.
This creates a challenge for state-owned
universities, as they heavily rely on project
proposals and government grants to procure
such RES.

3.0 METHODOLOGY
1) Design Phase

Since the Philippines had no existing or
discrete guidelines on the implementation of
NZEB at that time, the planning,
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conceptualization, design, and construction
stages of NBERIC, which began in 2017, were
based on existing NZEB concepts even before
the establishment of 1SO/TS 23764:2021.
These included the integration of renewable
systems as energy sources/storage, energy
management systems [25], and passive and
active design strategies [26], all of which align
with the methodology and scope of ISO/TS
23764 for realizing NZEB. These literatures
served as the foundation for NBERIC to
establish its goals and approach by
implementing the 4Es: Efficient Building
Design, Energy Efficient Technologies, Energy
Conservation Measures, and the
Establishment of On-site Renewable Energy to
achieve NZEB.

2) Annual Energy and Energy Balance Data

Huawei’s FusionSolar (Figure 1) was used to
monitor and record the energy consumption
and on-site PV production data. FusionSolar is
a webapp that has been used by recent
research literatures for monitoring energy
output, system performance metrics, and
errors for PV installation [27,28]. It can
generate graphs showing daily, monthly,
yearly, and lifetime data on PV yield, PV export,
and consumption from the grid and solar. The
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Fed to grid (kWh)

current transformer (CT) sensors were
installed on the main distribution panel (MDP)
to represent all the loads in the building. These
CT sensors measure the import and export of
energy as well as the energy consumed from
PV, to show the building's energy balance.

3) Establishment of RES

The establishment of on-site renewable
energy at NBERIC followed a phased approach,
involving strategic funding, installation, and
system integration to achieve net-zero energy
status.

Phase 1: Securing Funding and Initial
Installation. The first step was securing
government  grants  through  research
proposals, such as funding from the
Commission on Higher Education (CHED)
under the "Saranay Program." In 2021, NBERIC
installed its first 10 kWp hybrid solar PV system
with a 38.4 kWh ESS. This system powered the
150L Bioethanol Distiller, which produced
disinfectants during the pandemic. When not
in use, surplus energy from the PV system was
utilized by the building, optimizing energy
usage.
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Fig. 1. Huawei’s FusionSolar Energy Management System
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Phase 2: Expansion with Government
Support. In 2022, the Department of Energy
(DOE) recognizes the effort of MMSU to model
NZEB, granted NBERIC a 40 kWp grid-tied solar
PV system. This system was completed in April
2023, enabling NBERIC to achieve nearly ZEB
status. The installation also included Huawei’s
loT technology for remote monitoring and
management.

Phase 3: Hybrid System for Critical Loads

In September 2023, a 15 kWp hybrid solar PV
system was installed with support from the
DOE through its Affiliated Renewable Energy
Center (AREC) to attain a full ZEB tier. This
system includes 10.24 kWh LiFePO4 ESS for
backup power, ensuring critical loads like
laboratory equipment and conference room
functions remain operational during power
outages. It also serves as an educational
demonstration site.

Together, these systems provide NBERIC with
a total of 65 kWp of solar capacity, enabling
efficient energy production and reducing
dependence on the grid.

4) ZEB Tier Status

Energy saving

Energy independence

E

nergy consumption
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Reduction by @% or more

The guidelines and tiers discussed in
ISO/TS 23764:2021 were used to identify the
ZEB Tier of NBERIC shown in figure 2
below. Accordingly, countries or regions
should determine their own reduction-rate
targets, B% and a%, with B being greater than
a. In 2022, the Cleaner Energy Future Initiative
for ASEAN (CEFIA), of which the Philippines s a
member, set the reduction-rate targets [5].
Based on CEFIA, the ZEB tiers, which this study
adopted, can be identified as follows:

a) ZEB-ready: Buildings that achieve
significant annual energy (kWh) savings of
more than 50% from a reference point using
energy-efficient technologies but without RE
installed.

b) Nearly ZEB: Buildings that achieve a net
annual energy (kWh) saving of less than 100%
but more than ZEB Ready, with RE installed.

c) Net ZEB: Buildings that achieve a net
annual energy (kWh) saving of 100% or more
with RE installed.

These tiers or percentage targets align
with those outlined in the DOE’s procurement
documents for NZEB [23].

Reduction of primary
energy consumption :

Nearly ZEB
Reduction of primary
energy consumption :

B%

NET ZEB
Reduction of primary
energy consumption :

more than 100%

Fig. 2. ZEB tiers based on ISO/TS 23764:2021
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4.0 DATA AND RESULTS
1) Efficient Building Design

Before the establishment of ISO/TS
23764:2021, which outlines the
methodology for achieving non-residential
zero-energy buildings (ZEBs) and ZEB Tiers,
NBERIC was already designed to be "ZEB-
ready." Meaning, the building's structural
integrity can accommodate future on-site
renewable energy installations, not limited
to just solar PV systems. It was designed to
include a Building Management System
(BMS) to manage building functions like
ACUs, lighting, etc. and an Energy
Management System (EMS) to
continuously monitor and manage energy.
However, NBERIC focused more on
procuring laboratory materials and
equipment for bioenergy research, leading
to financial constraints that prevented the
implementation of the BMS.

2) Energy Efficient Technologies and
Conservation Measures

The NBERIC building incorporated both
active and passive design strategies aimed at
conserving energy. Passive design strategically
utilizes building materials, orientation, and
features to minimize reliance on "active
systems" like mechanical cooling and artificial
lighting while maintaining comfortable indoor
temperatures. For instance, NBERIC uses
blinds for windows to provide versatility in
controlling natural lighting. Active design
strategies involve the implementation of
energy-efficient devices and equipment. The
building lighting installations consist of light
emitting diode (LED) lamps [29], offering the
same illumination as conventional ones but
with significantly lower energy consumption.
Laboratories are equipped with LED T8 Tubes
with  reflectors. Additionally, all air-
conditioning units (ACUs) are inverters [30].
Building staff members are also oriented to the
University’s Energy Efficiency and
Conservation (EEC) guidelines by the
University Energy Management Committee
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(UEMC) and monitored by an “Energy
Coordinator” from the committee. All these
energy conservation efforts and programs
adhere to and comply with the country’s
Government Energy Management Program
(GEMP) and Republic Act No. 11285, or the
Energy Efficiency and Conservation Act.

3) Establishment of On-site RE

The establishment of on-site RE was
achieved through research proposals and
projects that secured grants from the
government and other funding agencies.
During the height of the pandemic in 2021,
NBERIC had its first on-site RE installation
through the Saranay Program funded by the
Commission on Higher Education - Higher
Education Development Fund (CHED-HEDF)
[31]. The first solar PV installation was a 10
kWp system with a 38.4 kWh storage Energy
Storage System (ESS), Hybrid On-grid PV
System, designed to power the 150L Multi-
feedstock Bioethanol Distiller to produce
disinfectants during the alcohol shortage at
that time. When the distiller is not in use,
surplus energy is consumed by the building.

In the last quarter of 2022, the DOE
granted NBERIC a 40 kWp On-grid (Grid-tied)
Solar PV System. This grant recognized MMSU-
NBERIC as a potential partner in showcasing
net-zero energy consumption [32]. The system
was completed and fully energized in April
2023, along with the installation of Huawei’s
Energy Management System (EMS) as part of
the inverter’s Internet of Things (loT) which
you can configure and monitor the system
remotely.

The most recent addition is the 15 kWp
Hybrid On-grid Solar PV System funded by the
DOE through the Affiliated Renewable Energy
Center (AREC), which was energized in
September 2023. This system serves as a
demonstration site for educational tours
organized by the DOE and other interested
parties. Equipped with LiFePO4 ESS, it is
designed to supply critical or emergency loads
during power interruptions, enhancing the
building’s backup power reliability for crucial
laboratory experiments and significant events
in the conference room and auditorium. In
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total, the building is equipped with a 65 kWp
on-site Solar PV System, all capable of
exporting surplus energy.

4) Annual Energy Balance of NBERIC and ZEB
Tier Status

The start of annual energy data gathering
started in May 2023 just a month after the
energization of the 40 kWp On-grid system of
DOE and integration of EMS. The total on-site
RE from May to August 2023 is 50kWp with the
10 kWop is prior to the PV system installation
from CHED-HEDF’s Saranay Program in 2021.
From September 2023 to April 2024, the total
on-site RE installation is 65 kWp by the
addition of 15 kWp from DOE’s AREC. The
application of the “ZEB-ready” status of ISO/TS
23764:2021 may not be applicable to NBERIC
since  energy-efficient technologies and
conservation measures have been
implemented from the time of occupancy.
Achieving "ZEB-ready" status requires annual
energy savings of more than 50% from a
reference  point using energy-efficient
technologies alone. However, a limitation of
this study is the absence of a reference point
due to the initial implementation of these

12000

10000

o
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measures. The achievement of near and net
ZEB will be discussed in detail, including the
energy balance and building scenarios.

For the first four months (May to August

2023), the on-site RE installation at the NBERIC
building was 50 kWp. During this period, the
total RE production was 27,294.22 kWh, which
is 4.71% less than the consumption of
28,643.16 kWh. The lower production from
June to August 2023 compared to May 2023
can be attributed to the onset of the rainy
season in the region [33]. May's higher
production is expected as it falls within the
transition period between wet and dry seasons
[34]. Due to energy efficiency and conservation
measures and the contribution of on-site RE,
NBERIC likely achieved nearly ZEB status only
during the four-month period.
Starting in September 2023, the production
increased significantly due to the addition of a
15 kWp system, making the total on-site RE
installation 65 kWp. This addition represents
an approximate 30% increase in production
capacity. Alongside the increase in RE
production, NBERIC's load consumption also
increased.
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Fig. 3. NBERIC RE Production vs Consumption
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This increase is attributed to factors such
as increased activities and equipment in the
building, including university students
temporarily attending classes, laboratory
activities by thesis students, newly installed
ACUs and increased utilization of the
conference room and auditorium, each
equipped with energy intensive ACUs. It can
also be noticed that the sudden increase in
consumption in March and April 2024
compared to February 2024 can be attributed
to the end of the cold and dry season
(northeast monsoon or amihan) and the start
of the warm and dry season (summer). Warm
and drier days are experienced during this
period due to the effects of El Nifio [35]. It has
been observed that the heat discomfort during
this season leads to turning on air conditioning
units earlier and keeping them on longer than
recommended, as well as not maintaining the
recommended office temperature, resulting in
non-adherence to the university’s EEC.

Annual energy balance data shows that
NBERIC achieved Net Zero Energy, with a total
production of 95,742.18 kWh compared to a
total consumption of 95,470 kWh, making the
RE production slightly greater by 0.285% than
the consumption. Since MMSU-Batac Campus
operates on a Single Grid System, where all
buildings are connected to a single energy
meter (primary meter), the surplus energy is
not sold to the distribution utility but instead,
it is being absorbed by nearby MMSU
buildings.

5.0 CONCLUSION

NBERIC successfully attained Net ZEB tier
status by implementing the 4Es: Efficient
Building Design, Energy Efficient Technologies,
Energy Conservation Measures, and the
Establishment of On-site Renewable Energy
(RE). RE-related research and project proposals
are important to acquire on-site RES which is
crucial in achieving Net ZEB.

6.0 RECOMMENDATIONS

Budget constraints present a significant
challenge for government buildings in
achieving the integration of on-site RES which
are essential for attaining Net ZEB status.
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Hence, research-oriented activities and
proposals related to RE should be strengthen
in securing grants and procurement budgets
for on-site RES in government buildings. Given
that NBERIC has successfully achieved NZEB
status and the costs of RES, such as
photovoltaic (PV) systems and energy storage
systems (ESS) continue to decrease, it is
recommended that a comprehensive
feasibility study be conducted next, to explore
the potential for achieving Net Zero Energy
Campus (NZEC) for MMSU. This study should
assess the technical and economic viability of
expanding RE installations and integrating
energy efficiency measures in various campus
facilities. Additionally, it should explore
potential funding opportunities and strategies
to overcome financial barriers, ensuring the
sustainable development of NZEC initiatives
within the campus. By doing so, the university
can further its commitment to sustainability
and serve as a model for other government
institutions.
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