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Keywords: Abstract: This study utilized numerical modeling to assess
desiccant wheel, the technical and economic feasibility of implementing
HVAC, desiccant wheels in the HVAC systems of healthcare
healthcare facilities, facilities. The primary objective was to analyze the potential
techno-economic analysis, for energy savings and the reduction of operational costs
energy saving through the integration of this technology into air handling

units (AHUSs). Key parameters such as the nominal capacity

of the AHUSs, climatic conditions across various regions, and
annual operating hours were considered as critical variables
in the simulations. The initial case studies were conducted on
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reductions in electricity consumption, effectively offsetting
the capacity of several small power plants. Although natural
gas consumption increased due to the regeneration process of
the desiccant wheel, the cumulative savings in electricity and
the environmental benefits from reduced emissions
significantly outweighed the additional costs. Depending on
different fuel and equipment price scenarios, the payback
period was estimated to be less than 12 years. Furthermore,
the possibility of utilizing low-grade thermal energy sources,
such as solar energy for wheel regeneration presented an
additional competitive advantage for this technology.
Overall, the adoption of desiccant wheels represents an
effective and sustainable strategy for optimizing energy
consumption in healthcare centers.
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Extended Abstract

Introduction

The rapid growth of global energy consumption,
along with climate change concerns and technological
advances, has made energy management in hospital
HVAC systems an urgent issue. Healthcare facilities,
though only five percent of commercial building area,
account for nearly ten percent of the sector’s energy
use, with hospitals and clinics consuming almost three
times as much energy as average commercial
buildings. HVAC systems alone represent over half of
this consumption, partly due to high requirements for
temperature, humidity, and air quality. This demand
not only increases operational costs but also results in
substantial greenhouse gas emissions and the risk of
microbial growth in poorly controlled environments.
Despite development in renewable energy, scenario
studies by the International Energy Agency reveal that
in 2025 fossil fuels will continue to supply more than
two-thirds of the world’s energy, mandating a critical
focus on efficient HVAC operation in critical sectors.
Among the promising technical solutions is the
desiccant wheel, which uses hygroscopic materials
such as silica gel or zeolite in a rotating disk to
dehumidify and precondition incoming air. This
process, powered by heat from natural gas, steam, or
solar sources reduces the latent cooling load and
enhances the performance of chillers. Despite proven
effectiveness in international projects, a
comprehensive technical and economic assessment
for Iran's specific climatic and operational conditions
is not widely available. This study addresses the gap
by evaluating, through numerical modeling, the
feasibility and impact of deploying desiccant wheels
in the HVAC systems of Iranian healthcare facilities,
first in Markazi Province case studies and, then, at a
national level.

Materials and Methods

A two-phase numerical model was used to assess the
technical and economic benefits of integrating
desiccant wheels into healthcare HVAC systems. The
analysis started with detailed simulations for clinics in
Markazi Province and then extended these results to a
national scale. The simulated system consisted of an
air handling unit equipped with a desiccant wheel, a
gas-engine generator, absorption chillers, boilers, and
heat exchangers—forming a combined cooling,
heating, and power (CCHP) cycle.

Cooling and heating loads, as well as ventilation
requirements, were determined for each facility using
commercial  software, while the technical
specifications for air handling and desiccant
equipment were selected from manufacturer catalogs.
The model assumed 120 operational days per year and
16 hours per day of activity with wheel regeneration
temperatures  between  60-76°C,  gas-engine
efficiency at 37%, and grid losses at 10%. Market
prices from 2021 provided the economic parameters
for electricity, natural gas (0.099 USD/m?), and

equipment. All calculations (including hourly
electrical, thermal, and gas quantities) were performed
in MATLAB, using governing energy and mass
balance equations. ASHRAE standards and local
empirical data supported sizing and water
consumption assumptions.

Results and Discussion

Simulation results in Markazi Province healthcare
centers revealed that with desiccant wheel integration,
the AHU-related electricity demand was reduced by
1,217 kW from an original combined value of 2,423
kW, representing a 69% reduction. Extrapolating to
all health facilities nationally, it was estimated that
converting 6,431 air handling units with a combined
capacity of 42 million cfm could deliver a 53%
reduction in required cooling capacity and 56,732 kW
of electrical savings during peak operation. With an
assumed 120-day season of 16 hours daily use, the
annual electricity savings for hospital chillers reached
nearly 109 GWh.

This shift translated into annual energy savings
equivalent to the continuous output of several small
power plants; about 63 MW avoided grid capacity.
However, these electricity savings were achieved
alongside a notable increase in natural gas use, as
wheel regeneration depends on thermal energy. On a
national scale, this corresponded to 155 million m3 in
additional annual gas use. Also, water consumption
increased due to accompanying air washers, resulting
in about 1.2 million mé annually for all healthcare air
handling units.

The economic assessment found that retrofitting
all identified AHUs would cost about €72 million,
with additional annual costs of €14.4 million in gas
and €0.3 million in water use. However, annual
monetary savings were projected to be significant:
about €1.85 million in lower electricity bills and €5.2
million in reduced external costs related to emission
reductions, yielding total annual savings of just over
€7 million. These savings could result in a payback
period of about 12 years; even with a 50% increase in
gas prices, payback could only extend to 13 years.
The use of domestic manufacturing for major
equipment could further shorten this period by
reducing capital requirements.

The analyses demonstrated that national scale
implementation was practical and could significantly
reduce the need for investment in new electricity
generation, improve indoor air quality, and reduce
greenhouse emissions. The use of desiccant wheels
also enabled the employment of low-grade or
renewable heat sources such as solar energy for
regeneration whenever practical. Calculations and real
data confirmed that the overall national annual
electricity savings could exceed 109 GWh, while the
reduced emission-related external costs alone surpass
€5 million per year.

Despite these advantages, the project faced
challenges such as the initial capital outlay, the
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adaptation of technical infrastructure, the training of
skilled operational staff, and the ensuring compliance
with Iran’s strict healthcare air quality standards.
Nonetheless, the robust economic and technical
results indicated strong feasibility.

Conclusion

The study showed that deploying desiccant wheels
within HVAC systems in Iran’s healthcare sector
could achieve large-scale electricity savings (over 108
GWh per year) while reducing the environmental
burden associated with existing fossil-fuel power
production. Although natural gas and water usage
rose due to regeneration, overall environmental and

economic benefits clearly outweighed these costs. The
total payback period for the initial investment was
projected at around twelve years, which could become
even shorter if equipment were produced locally.
National deployment aligns with Iran’s energy
efficiency and environmental protection objectives,
providing a technically sound and cost-effective
pathway to improve hospital comfort and
sustainability. For successful large-scale
implementation, policy support, technical training,
and careful planning for site-specific adaptation
remain essential.
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