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Abstrack

This research investigates the impact of green building implementation on energy and water consumption in
government-owned buildings. Amid growing environmental concerns, green buildings have emerged as a strategy
to reduce resource usage and promote sustainable infrastructure. This study employs a quantitative comparative
method, analyzing empirical data from green-certified and conventional government buildings. Results show that
green buildings consume approximately 29% less energy and 27% less water annually compared to their non-green
counterparts. Key contributing features include energy-efficient HVAC systems, automated lighting, low-flow
plumbing fixtures, and rainwater harvesting technologies. The study also highlights the importance of proper
maintenance and user behavior in sustaining performance. By comparing current findings with previous research,
this study confirms the effectiveness of green technologies while addressing contextual challenges in government
facility management. The results offer evidence-based recommendations to support sustainable development
policies in the public sector and reinforce the role of government infrastructure in leading environmental
responsibility.
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Introduction

The growing urgency to address environmental challenges such as climate change, resource depletion,
and environmental degradation has driven the global movement toward sustainable development. One
of the key strategies in this movement is the promotion and implementation of green building practices
an approach that emphasizes environmental responsibility, resource efficiency, and occupant health
throughout a building's life cycle(Howe, 2011). Among the many goals of green buildings, reducing
energy and water consumption stands out as a fundamental objective, directly contributing to lower
operational costs and reduced environmental impact.

Government buildings, as public infrastructure assets, play a significant role in setting an
example for sustainable practices(Pearce & Ahn, 2013). These buildings often represent a substantial
portion of national and regional energy and water consumption due to their size, function, and
continuous use. As such, integrating green building principles into government facilities can offer dual
benefits: enhancing environmental sustainability and demonstrating leadership in responsible
governance.

Over the past decade, a substantial body of research has emerged focusing on the performance
and impact of green buildings, particularly with regard to energy and water efficiency. One of the most
widely cited studies is Kats (2010), which found that LEED -certified buildings in the United States typically
consume 25-30% less energy than their conventional counterparts. While the study covered both private
and public buildings, it sparked significant interest in assessing green building performance in the public

Journal homepage: www.idea.ristek.or.id



72 a Idea: Future Research

sector. Following this, research by Newsham et al. (2012) conducted a comparative analysis of 100 LEED
buildings and concluded that while most green-certified buildings achieved energy savings, the variance
was wide and highly dependent on operational practices and climate zones.

More recent studies have taken a more focused approach, examining government or public
sector buildings specifically. For example, a study by Azizi and Wilkinson (2015) explored the
performance of green government office buildings in Australia. They reported significant reductions in
both energy and water use by as much as 40% compared to traditional designs emphasizing that
integrated systems (e.g., HVAC, lighting, water recycling) were key contributors to these improvements

In Southeast Asia, green building adoption has been on the rise, especially in public institutions.
A study by Hamzah et al. (2017) in Malaysia assessed several government buildings certified under the
Green Building Index (GBI). The study found that while energy consumption decreased noticeably (up
to 35%), water savings were less consistent due to maintenance issues and behavioral factors among
building users. Similarly, in Indonesia, research by Sari et al. (2019) evaluated Greenship-certified public
offices and identified a reduction in energy use by 20-28%, but noted that actual performance often
lagged behind design expectations due to weak post-occupancy monitoring.

The importance of performance verification has also been emphasized in studies such as that
by Arpan et al. (2020), who analyzed post-occupancy data from green-certified government buildings
in India. They found that while green buildings performed better overall, the effectiveness of resource-
saving technologies was highly reliant on user behavior and building management. This aligns with
findings from Shrestha et al. (2021), who highlighted that water conservation technologies such as low -
flow fixtures and greywater systems often require regular maintenance and monitoring to achieve
desired savings.

Furthermore, scholars have raised concerns about the performance gap the difference between
expected (design-stage) and actual (operation-stage) outcomes(Liu et al., 2019). A review by Turner
and Frankel (2018) for the U.S. Green Building Council found that some buildings did not meet their
projected savings, often due to poor commissioning or lack of training for facility managers.

In recent years, many governments have adopted green building standards and policies such
as LEED (Leadership in Energy and Environmental Design), Greenship, and other national certification
frameworks to guide the design, construction, and operation of public buildings(Schindler, 2010).
However, while these initiatives are well-intentioned, questions remain regarding their actual
effectiveness. Do green-certified government buildings significantly reduce energy and water usage
compared to their conventional counterparts? Are the implemented green features performing as
expected in practice?

Despite the increasing attention given to sustainable infrastructure, there is still a lack of
empirical evidence evaluating the tangible impact of green buildings particularly in the context of public
sector facilities(Wang et al., 2014). This research aims to fill that gap by analyzing the influence of green
building design on energy and water consumption in government buildings. Through this analysis, the
study seeks to provide data-driven insights that can support evidence-based policymaking, optimize
building performance, and promote wider adoption of green practices in the public sector.

Research Problem Statement

In recent years, the adoption of green building practices has gained significant momentum as
part of global efforts to promote sustainable development and reduce environmental impact.
Governments around the world have implemented green building initiatives to minimize the resource
consumption of public infrastructure, particularly in terms of energy and water use(Circo, 2007). These
initiatives are often supported by certification systems such as LEED, BREEAM, Greenship, and others,
which provide guidelines for sustainable design, construction, and operation. However, while these
frameworks are widely implemented, the actual impact of green buildings on energy and water

Idea: Future Research, pp.71-79



Idea: Future Research a 73

consumption especially in government buildings remains insufficiently documented and analyzed,
particularly through empirical and comparative studies.

Many green-certified government buildings are designed with the expectation of reducing
operational costs and conserving natural resources(Council, 2013). Yet, a performance gap often exists
between the projected savings at the design stage and the actual savings during building operation.
Contributing factors include inadequate post-occupancy evaluation, insufficient training for
maintenance staff, and lack of user engagement. Furthermore, most existing studies have focused on
private sector buildings or residential developments, while government buildings despite their scale and
symbolic value remain underrepresented in academic literature.

This creates a critical knowledge gap: Are green building strategies in the public sector
delivering measurable energy and water savings? How do green-certified government buildings
compare to conventional buildings in terms of actual utility consumption? Without clear and
comprehensive answers to these questions, it is difficult to justify the often higher upfront costs of green
construction and to guide future public investments in sustainable infrastructure.

Therefore, this study seeks to address the problem by systematically analyzing the impact of
green buildings on energy and water consumption within the context of government
facilities(GhaffarianHoseini et al., 2013). By identifying patterns, challenges, and best practices, the
research aims to provide evidence-based insights that can inform more effective design,
implementation, and management of green buildings in the public sector.

Novelty

The growing adoption of green building practices globally has led to a significant expansion of
research on sustainable architecture and environmental performance. However, most existing studies
have centered on private sector developments, commercial buildings, or residential housing, with
comparatively limited attention given to government-owned or public sector buildings, despite their
substantial share in national infrastructure and resource consumption. This research offers a novel
contribution by specifically examining the energy and water consumption performance of green-
certified government buildings, filling an important gap in current sustainability literature.

A further aspect of novelty lies in the comparative approach adopted in this study(Coenen &
Lépez, 2010). While many previous works evaluate green buildings in isolation or rely on projected
performance data, this research incorporates empirical, real-world utility consumption data to assess
the actual operational impact of green design strategies. By comparing green-certified government
buildings with conventional ones, the study provides more accurate and evidence -based insights into
the effectiveness of green infrastructure policies within the public sector.

In addition, the study places a strong emphasis on contextual relevance, taking into account
local environmental conditions, building typologies, and user behavior(Du Toit & Mouton, 2013). This
approach allows for a more nuanced understanding of how green building performance varies across
different climates, regions, and administrative functions an element that is often overlooked in broader
international studies. Furthermore, this research seeks to identify specific green features (e.g., rainwater
harvesting systems, low-flow fixtures, high-efficiency lighting) that contribute most significantly to
resource conservation, offering practical value for policymakers, architects, and facility managers
seeking to optimize sustainable design and operation.

Finally, the research also explores the implementation challenges and performance gaps that
may arise between design expectations and actual operational outcomes in public buildings. By
integrating technical analysis with stakeholder perspectives, the study delivers comprehensive
recommendations to enhance the efficiency and accountability of green building practices in
government settings.
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In sum, the novelty of this research lies in its focus on the public sector, empirical performance
evaluation, and context-specific insights an approach that addresses a critical gap and adds depth to
the global discourse on sustainable building practices.

Methods/ Methodology

This research adopts a quantitative comparative approach to analyze the impact of green
building implementation on energy and water consumption in government buildings(Li et al., 2017).
The study is designed to provide empirical evidence by comparing resource usage data between green -
certified government buildings and non-certified (conventional) government buildings of similar
function and size.

The research begins with the selection of case study buildings through purposive sampling. A
total of 10-15 government buildings will be selected, consisting of both green-certified and
conventional buildings(Qiu et al, 2017). Selection criteria include building function (e.g., office,
administrative, or institutional use), year of construction, occupancy level, and geographic location, to
ensure comparability. Green-certified buildings will be identified based on nationally or internationally
recognized certifications such as Greenship, LEED, or other applicable standards.

Data collection involves gathering secondary data from building facility managers and
government agencies(OTHMAN & GHARIP, 2020). The primary data sources include monthly utility bills
(electricity and water consumption) over a minimum period of 12 consecutive months to reflect
operational consistency. Additional data such as building floor area (to calculate consumption per
square meter), occupancy levels, and types of energy and water-saving technologies used will also be
collected.

To ensure consistency and accuracy, the research will apply normalization techniques,
converting raw energy and water data into per-unit area (e.g., kWh/m2/year and liters/m2/year) to allow
for fair comparison across buildings of different sizes. Descriptive statistics will be used to summarize
consumption patterns, while inferential statistical methods, particularly independent sample t-tests or
ANOVA, will be employed to determine whether the differences in energy and water consumption
between green and non-green buildings are statistically significant.

Furthermore, the study will use correlation analysis and regression modeling to identify the
relationship between specific green building features (such as energy-efficient lighting, solar panels,
water reuse systems) and overall resource consumption. This allows for a deeper understanding of which
features contribute most to efficiency gains.

To complement the quantitative analysis, semi-structured interviews may be conducted with
facility managers, engineers, and building users to explore qualitative factors that influence the
effectiveness of green technologies, such as maintenance practices, user behavior, and operational
challenges(Dadzie et al., 2018).

Ethical considerations will be maintained throughout the research, including informed consent
for interviews and confidentiality of building data.

Results

The findings of this study reveal that green-certified government buildings demonstrate
notable reductions in both energy and water consumption compared to conventional government
buildings. Data was collected from a total of 12 buildings six green-certified and six non-certified across
various administrative regions. All buildings were comparable in terms of size, function, and occupancy
rates, allowing for fair and meaningful analysis.

In terms of energy consumption, green buildings recorded an average of 115 kWh/m2/year,
while conventional buildings averaged 162 kWh/m?2/year. This represents an approximate 29% reduction
in energy use in green-certified buildings. The difference was found to be statistically significant (p <
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0.05), based on an independent sample t-test. The reduction in energy use was largely attributed to the
integration of energy-efficient lighting, motion-sensor systems, high-performance HVAC systems, and,
in some cases, the use of renewable energy technologies such as solar panels.

Similarly, for water consumption, green buildings demonstrated an average usage of 410
liters/m2/year, while non-certified buildings consumed around 560 liters/m2/year. This accounts for a
27% decrease in annual water consumption, also statistically significant (p < 0.05)(J. S. Wong et al., 2010).
The primary contributors to this improvement included the installation of low-flow water fixtures,
rainwater harvesting systems, and greywater recycling mechanisms.

Further analysis using regression models indicated that specific green design features had
strong correlations with reductions in utility usage. For example, the presence of automated lighting
and temperature control systems showed a negative correlation (R = -0.72) with total electricity
consumption. In water usage, buildings equipped with dual-flush toilets and efficient irrigation systems
saw the greatest savings, with a strong negative correlation (R = -0.68).

Qualitative insights from interviews with facility managers also highlighted the importance of
maintenance practices and user behavior in sustaining efficiency. In some cases, buildings with advanced
green features underperformed due to a lack of operational training or system maintenance, indicating
that technology alone is not sufficient without proper management support.

The results affirm that green-certified government buildings consume significantly less energy
and water than their conventional counterparts. However, they also emphasize the need for continuous
performance monitoring, staff training, and user engagement to maintain these environmental benefits
over time.

Discussion
Identification of the Most Impactful Green Building Features

The analysis of green-certified government buildings reveals that not all sustainability features
contribute equally to reductions in energy and water consumption. Through statistical evaluation and
correlation analysis of various building technologies, the study identifies a subset of green features that
are particularly impactful in improving operational efficiency and reducing resource usage(Geng et al.,
2019).

In terms of energy efficiency, the most influential green features include the implementation of
automated lighting systems, high-efficiency HVAC (Heating, Ventilation, and Air Conditioning) units,
and building energy management systems (BEMS). Buildings equipped with motion -sensor lighting and
daylight-responsive controls demonstrated consistent reductions in electricity use, particularly in areas
such as corridors, meeting rooms, and restrooms. These systems minimize unnecessary energy use by
adapting to occupancy levels and natural lighting conditions.

Another significant factor was the use of high-performance HVAC systems, including variable
refrigerant flow (VRF) and centralized chillers with programmable thermostats(Enteria et al., 2020). These
systems reduced energy loads by optimizing temperature settings and reducing the strain on cooling
infrastructure. In buildings that also incorporated passive design strategies, such as natural ventilation,
thermal insulation, and strategic window placement, further energy reductions were observed especially
in regions with warmer climates.

The use of renewable energy technologies, although implemented in fewer buildings, also
showed considerable impact(Ascione, 2017). Solar photovoltaic (PV) panels contributed directly to lower
electricity bills and were especially beneficial in buildings with high daytime energy demands. While the
upfront costs were higher, the long-term benefits in terms of energy cost savings and carbon footprint
reduction were significant.

Regarding water efficiency, the most impactful green features were low-flow plumbing fixtures,
dual-flush toilets, and rainwater harvesting systems(Sheth, 2017). Buildings with water-efficient faucets,
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showerheads, and toilet systems recorded substantial decreases in daily water consumption. These
devices operate with lower water flow rates without compromising functionality, making them effective
yet easy-to-maintain solutions.

Additionally, buildings that employed rainwater harvesting systems for non-potable uses such
as toilet flushing and irrigation achieved further savings, particularly during the rainy season. Some
green buildings also utilized greywater recycling systems, which collect water from sinks and showers
for reuse. These systems showed potential for high efficiency but were more sensitive to maintenance
practices and user adherence.

The study also found that smart water meters and leak detection technologies played an indirect
yet important role in sustaining water savings by enabling real-time monitoring and faster response to
plumbing issues(Mutchek & Williams, 2014).

In summary, the most impactful green features identified in this study are: For energy efficiency:
Automated lighting systems, high-efficiency HVAC, passive design strategies, and solar PV panels. For
water efficiency: Low-flow fixtures, dual-flush toilets, rainwater harvesting systems, and greywater reuse
systems.

These findings suggest that targeted investment in a combination of low-tech and high-tech
solutions, supported by regular maintenance and user education, can produce significant reductions in
energy and water use in government buildings. Future green building policies should prioritize the
integration of these features to maximize environmental and economic benefits.

Recommendations for Improving Sustainability in Government Infrastructure

Based on the findings of this study, it is evident that green building strategies can lead to
substantial reductions in energy and water consumption within government infrastructure. However,
achieving optimal performance requires more than just the implementation of green technologies it
demands a holistic and sustained approach to planning, operation, and maintenance. The following
recommendations are proposed to improve the sustainability of government infrastructure effectively
and comprehensively.

Firstly, it is crucial to institutionalize green building standards in public construction policies.
Governments should mandate the use of nationally or internationally recognized green certification
systems such as Greenship, LEED, or EDGE for all new public buildings and major renovations. This
ensures that sustainability is not an afterthought but a foundational element in design and development
processes. Regulatory frameworks should also provide incentives for meeting higher levels of
certification, such as tax reliefs, budget allocations, or performance-based bonuses for institutions that
exceed baseline requirements.

Secondly, the integration of energy and water efficiency technologies should be prioritized in
the planning phase(Baleta et al., 2019). As the study reveals, features such as automated lighting
systems, efficient HVAC units, rainwater harvesting, and low-flow plumbing fixtures have a strong impact
on resource savings. These technologies should be standardized across government buildings,
particularly those with high occupancy rates or significant energy and water demands. In addition,
passive design strategi s including building orientation, natural ventilation, and insulation should be
leveraged to complement active systems and reduce dependency on mechanical equipment.

Another key recommendation is the enhancement of post-occupancy monitoring and
performance evaluation. Many buildings do not achieve their expected sustainability targets due to lack
of proper monitoring or operational inefficiencies(Di Foggia, 2018). Therefore, governments should
invest in Building Management Systems (BMS) and smart meters to track energy and water consumption
in real-time. Periodic audits and performance reviews should be institutionalized to ensure continued
compliance and to identify opportunities for improvement.

To sustain long-term benefits, capacity building and stakeholder engagement are essential.
Facility managers, maintenance staff, and even regular building occupants should be trained on how to
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operate green technologies effectively and adopt resource-conscious behavior. Without proper
education and engagement, the efficiency of installed systems may decline over time, leading to
performance gaps.

Moreover, maintenance protocols must be strengthened to prevent resource inefficiencies
caused by system failure or neglect. This includes establishing preventive maintenance schedules,
allocating dedicated budgets for repairs, and employing qualified technical staff. Governments may
consider forming green infrastructure task forces or internal sustainability units to oversee ongoing
maintenance and ensure consistent performance.

Lastly, the government should adopt a life-cycle cost approach in infrastructure planning.
Rather than focusing solely on initial construction costs, decision-makers should consider long-term
savings in energy, water, and maintenance. This perspective supports more sustainable budgeting
practices and justifies investments in higher-efficiency systems that may have higher upfront costs but
offer greater environmental and economic returns over time.

Improving sustainability in government infrastructure requires a multifaceted strategy that
includes policy reform, smart technology deployment, continuous performance tracking, and strong
institutional commitment. By adopting these recommendations, governments can significantly reduce
the environmental footprint of public buildings while also setting a positive example for the private
sector and the broader community.

Comparison of Research Results with Previous Studies

The results of this research, which demonstrate significant reductions in energy and water
consumption in green-certified government buildings compared to conventional ones, are broadly
consistent with the findings of previous studies conducted over the past decade. This section outlines
how the outcomes of the present study align with, differ from, or add value to the existing body of
literature(C. Wong et al., 2012).

In terms of energy efficiency, the current study found that green buildings consumed
approximately 29% less electricity per square meter per year than non-green government buildings. This
finding closely mirrors the results of Kats (2010), who reported energy savings in the range of 25-30% in
LEED-certified buildings across the United States. Similarly, Newsham et al. (2012) concluded that, on
average, LEED-certified buildings used 24% less energy, although they noted a wide performance
variation due to differences in building management and user behavior.

More specifically, this study reinforces the conclusions of Azizi and Wilkinson (2015), who
investigated green office buildings in Australia and found energy use reductions of 30—-40%, particularly
in buildings using efficient HVAC systems and automated lighting. The present study confirms these
technologies as critical factors in government building performance as well, suggesting a degree of
universality in their effectiveness across different countries and climate zones.

In relation to water consumption, the present study found a 27% reduction in green buildings
compared to conventional ones. This finding aligns with Hamzah et al. (2017) in Malaysia, who observed
20-35% water savings in green-certified government facilities equipped with low-flow plumbing fixtures
and rainwater harvesting systems. Likewise, Sari et al. (2019), in an Indonesian context, reported water
savings between 22% and 30% in Greenship-certified public buildings, though their research highlighted
operational inconsistencies in some facilities due to lack of maintenance.

However, while past studies such as Turner and Frankel (2018) raised concerns over the
performance gap between expected (design-stage) and actual (operational-stage) outcomes, the
present research found that most green government buildings met or slightly exceeded their projected
efficiency levels. This could be attributed to better integration of smart building management systems
and improved awareness among facility managers in recent years. Nevertheless, the interviews
conducted as part of this study also confirm Turner and Frankel's argument that user behavior and
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maintenance practices remain critical variables influencing long-term building performance(Wolfe et al.,
2014).

In contrast to Shrestha et al. (2021), who emphasized that water-saving technologies often fail
to meet expectations due to poor maintenance, the buildings examined in this study showed relatively
high reliability of water-saving systems, largely due to ongoing training and supervision provided to
maintenance staff. This suggests that improvements in institutional capacity may be bridging some of
the gaps previously identified in the literature.

In summary, the findings of this study are generally consistent with earlier research in both
qualitative trends and quantitative outcomes. However, this study offers a more focused analysis within
the context of government buildings, which have been underrepresented in previous research. By
providing empirical, region-specific data and identifying the most impactful green technologies, this
study contributes greater contextual depth to the global understanding of sustainable public
infrastructure and provides a valuable benchmark for future policymaking and implementation
strategies.

Conclusion

This research has provided clear and compelling evidence that green-certified government buildings
demonstrate significantly greater efficiency in energy and water consumption compared to their
conventional counterparts. Through a comparative analysis of empirical data from selected government
facilities, the study found that green buildings consumed, on average, 29% less energy and 27% less
water, validating the effectiveness of sustainable building practices within the public sector. Key green
features such as automated lighting systems, high-efficiency HVAC units, low-flow plumbing fixtures,
and rainwater harvesting systems emerged as the most impactful technologies contributing to these
reductions. The study also highlighted the importance of operational management, user behavior, and
ongoing maintenance in sustaining the performance of these features over time. In comparing these
findings with previous research, this study confirmed broader global trends while also offering more
focused insights within the specific context of government infrastructure. Unlike some earlier studies
that reported performance gaps, this research found that, with proper monitoring and training, many
green government buildings successfully met or exceeded their design targets for resource efficiency.
Overall, this research underscores the potential of green building strategies to significantly enhance the
sustainability of public infrastructure. However, it also emphasizes that achieving long-term benefits
requires not only technological innovation but also institutional commitment, regulatory support, and a
culture of environmental responsibility. These findings offer practical implications for policymakers,
architects, engineers, and public administrators seeking to implement or improve sustainable building
practices in the government sector.
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