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The increasing energy consumption in office buildings, along with
environmental impacts and rising energy costs, has made energy
efficiency optimization a critical necessity. This study aims to analyze the
energy performance of various administrative buildings located in the
cold semi-arid climate of Tabriz based on the Iranian National Standard
No. 14254 (National Energy Standard). In this research, the electricity
and natural gas consumption data of 22 office buildings were examined.
The total equivalent energy consumption of the buildings was calculated
using measured electricity and gas consumption data and compared with
national standard benchmarks to determine the energy label of each
building.

In several office buildings, server rooms represent one of the most
significant energy consumers throughout the year due to their continuous
cooling requirements. Therefore, the performance of server rooms was
investigated separately in this study. The results indicate that the energy
consumption ratio of the investigated buildings varies between 2.94 and
14.8, with an average value of 5.81. Furthermore, both short-term and
long-term strategies for reducing energy consumption in these buildings
are proposed. The findings of this research can serve as a practical
framework for energy consumption optimization in similar buildings
located in cold and semi-arid climates, as well as other climatic regions.
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Extended Abstract

Introduction

The rapid growth of energy consumption in office buildings has become a critical global challenge, particularly
in regions experiencing harsh climatic conditions. Office buildings represent a substantial share of total energy
use due to continuous occupancy, extensive use of electrical equipment, and the demand for heating and cooling
systems. In parallel with increasing energy demand, rising energy costs and growing environmental concerns
associated with greenhouse gas emissions have intensified the need for effective energy management strategies.
As a result, energy auditing has emerged as a key tool for assessing building energy performance and identifying
opportunities for efficiency improvement.

In cold and semi-arid climates, energy consumption patterns exhibit unique characteristics. Long and cold winters
significantly increase heating demand, while high solar radiation during summer months leads to increased
cooling loads. Tabriz, located in northwestern Iran, is classified under the Képpen—Geiger climate classification
as a cold semi-arid (BSk) region. This climatic condition creates a complex energy profile in buildings, where
both heating and cooling demands are substantial throughout the year. Despite the strategic importance of energy
efficiency in such regions, comprehensive energy audits tailored to this specific climate remain limited.

Office buildings belonging to electricity distribution companies are particularly important from an energy
management perspective. These buildings are expected to serve as role models for rational energy consumption
due to their institutional function and public visibility. However, preliminary observations indicate that many of
these buildings suffer from inefficient energy use, outdated building envelopes, and poorly optimized heating and
cooling systems. One of the most energy-intensive components in modern office buildings is the server room.
Server rooms operate continuously and require stable thermal conditions, leading to significant cooling energy
consumption throughout the year. In many cases, these spaces are not designed or managed according to energy
efficiency principles.

The present study aims to conduct a comprehensive energy audit of 22 office buildings belonging to the Tabriz
Electricity Distribution Company, located in a cold and semi-arid climate. The audit is performed in accordance
with Iran’s National Energy Standard No. 14254, which provides criteria for calculating energy consumption
intensity and assigning energy labels. In addition to evaluating overall building energy performance, this study
places particular emphasis on the energy behavior of server rooms as critical high-consumption zones. By
integrating climatic considerations, building characteristics, and operational conditions, this research seeks to fill
an existing knowledge gap and provide practical recommendations for energy optimization in similar office
buildings.

Methodology

This research adopts a mixed-methods approach combining quantitative analysis and qualitative field observations
to perform a detailed energy audit. The methodological framework consists of four main stages: (1) field data
collection, (2) calculation of equivalent energy consumption, (3) comparison with national energy benchmarks
and energy labeling, and (4) focused analysis of server room conditions.

Field data were collected through extensive on-site inspections and the examination of utility bills for electricity
and natural gas. A total of 22 office buildings were studied over two separate periods, from April to July 2021 and
from May to August 2024. During these periods, 46 site visits were conducted, primarily between 8:00 a.m. and
2:00 p.m., to ensure consistent operating conditions. Data recorded during field visits included building location,
conditioned floor area, window type, insulation condition, heating system characteristics, cooling equipment, and
server room specifications.

Annual electricity consumption (kWh) and natural gas consumption (m?) were extracted from official utility bills.
To allow meaningful comparison between different energy carriers, gas consumption was converted into
equivalent electrical energy using a calorific value of 10.5 kWh per cubic meter of natural gas. Electricity
consumption was converted into primary energy using a conversion factor of 0.27, accounting for power plant
efficiency and transmission losses. This implies that approximately 3.7 kWh of primary energy is required to
generate 1 kWh of delivered electricity.

The total equivalent annual energy consumption of each building was calculated as the sum of converted
electricity and gas energy. Energy consumption intensity was then obtained by dividing total equivalent energy
by the conditioned floor area (kWh/m?-year). Based on these values, buildings were classified according to the
Iranian National Standard 14254, which categorizes buildings from energy label A (most efficient) to G (most
energy-intensive).

All calculations and data processing were carried out using the Engineering Equation Solver (EES) software. EES
was selected due to its strong capability in solving nonlinear systems, its comprehensive thermodynamic property
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libraries, and its flexibility in advanced programming and optimization tasks. The use of EES ensured th
computational accuracy and reproducibility of results.

A separate and detailed assessment was conducted for server rooms. Parameters such as indoor air temperature,
relative humidity, cooling system type, window characteristics, and room usage were recorded. Measured
temperature and humidity values were compared with the ASHRAE-recommended psychrometric comfort zone
(A1 class) for electronic equipment to evaluate operational safety and energy optimization potential.

Results and Discussion

The results of the energy audit reveal significant variations in energy consumption among the studied buildings.
The calculated energy consumption ratio ranged from 2.94 to 14.8, indicating a wide disparity in energy
performance. The average energy consumption ratio across all buildings was found to be 5.81, reflecting generally
poor energy efficiency. Only two buildings achieved an energy label of C, while the majority fell into categories
D, E, F, or G. Approximately one-third of the buildings were so energy-intensive that they did not qualify for any
energy label under the national standard.

Analysis of energy carrier distribution showed that, on average, 24.6% of energy consumption was attributed to
electricity and 75.4% to natural gas. However, when floor area was taken into account, electricity consumption
accounted for nearly one-third of total energy use in larger buildings. This indicates that electrical loads, including
lighting, office equipment, and cooling systems, become increasingly dominant as building size increases.

Field observations revealed that buildings with high energy consumption typically exhibited poor envelope
performance, such as single-glazed windows, inadequate insulation in boiler rooms, and lack of temperature
control systems. Conversely, buildings with relatively lower energy consumption often benefited from double-
glazed windows, insulated piping, and basic temperature control mechanisms. In some cases, contradictions were
observed where technically well-equipped buildings displayed high energy use due to operational issues, such as
improper thermostat settings or human behavior, including leaving windows open during heating operation.
Server room analysis highlighted their critical role in overall energy consumption. Approximately 63% of server
rooms were equipped with split air-conditioning systems, 16% used evaporative coolers, and 21% had no
dedicated cooling system. Measured temperatures ranged from 17°C to 31°C, while relative humidity varied
between 20% and 31%. The findings suggest that server rooms can safely operate at temperatures as high as 31°C
without compromising equipment reliability. This creates a substantial opportunity for reducing cooling energy
demand by relying on natural ventilation during most months of the year.

Furthermore, the use of solar-assisted absorption cooling systems during peak summer months was identified as
a promising alternative to conventional compression-based cooling. Given the high solar radiation levels in Tabriz
during summer, such systems could significantly reduce electricity demand while maintaining acceptable thermal
conditions in server rooms.

Conclusion

This study provides a comprehensive energy audit of 22 office buildings located in the cold and semi-arid climate
of Tabriz. The findings indicate that energy efficiency levels in the majority of these buildings are unsatisfactory,
with an average energy label of F and only limited compliance with national energy standards. Server rooms were
identified as major contributors to excessive energy consumption due to continuous cooling requirements and
inefficient system design.

The results demonstrate that significant energy savings can be achieved through relatively low-cost and practical
measures, such as improving building insulation, upgrading cooling systems, optimizing temperature setpoints,
and adopting climate-responsive strategies. In particular, allowing higher operating temperatures in server rooms,
utilizing natural cooling for extended periods, and implementing solar-driven absorption cooling systems can
substantially reduce electricity consumption.

The proposed framework is not only applicable to the studied buildings but can also serve as a model for similar
office buildings in other cold and semi-arid regions. From a policy perspective, the findings support the
prioritization of energy audits, user training programs, and incentive-based retrofitting strategies. Future research
is recommended to incorporate detailed economic analyses, statistical modeling, and comparative studies across
different climatic zones to further enhance the robustness of energy optimization strategies.
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