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1. Introduction

In Iran’s hot and arid climate, the development of agricultural societies
has historically depended on the ability to store grain for long periods
without relying on energy-intensive systems. This study investigates
the passive environmental strategies employed in the adobe silos of the
ancient Saryazd grain storehouse, located in the village of Saryazd near
Mehriz in Yazd Province, as one of the world’s oldest adobe grain
storehouses dating back to the Sasanian period (Riahi Moghadam,
2006; Shahrzadi, 1997), which exemplifies how traditional architecture
used passive strategies and local materials to ensure food security.
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This study converts indigenous knowledge into quantitative data by
analysing the citadel’s structural systems, thermal behaviour, and
natural ventilation. Using field surveys (summer 2024), computational
simulations, and historical research, it provides the first integrated,
data-driven assessment of the citadel’s performance. The findings
highlight its relevance for contemporary sustainable architecture and
food security.

2. Literature Review

Research on grain storage in Iran identifies three main traditional types:
rectangular nested chambers, cylindrical silos, and rock-cut storerooms.
Rectangular units, such as those at Nushijan and Godin Tepe, were
organised into narrow, sequential rooms with small upper openings for
ventilation (Macvandi & Sheikhzadeh, 2021: 179). Cylindrical adobe
silos with domed roofs became widespread from the Chalcolithic to the
Bronze Age, reflecting an increase in agricultural surplus (Ibid: 180). In
mountainous regions, rock-cut granaries—such as those in Ilam and
Kermanshah—provided thermal stability and security, sometimes
preserving grain for up to three years (Gharaei, 2025).

As political and economic systems evolved, storage structures became
institutional and multifunctional. Sites like Nushijan and Godin Tepe
reveal organised storage networks linked to administrative control
(Stronach, 1973:41; Gopnik & Rothman, 2011:10; Dyson & Tosi, 2009;
2014: 3). In later examples, such as the Saryazd Citadel, nested storage
spaces also functioned within defensive—economic systems.
Comparable models outside Iran include the Amazigh igoudar of
Morocco—collective fortified granaries— (Naji, 2020: 232-235;
Revue d’Innovation et Dynamiques Territoriales, 2024: 12—14) and the
Roman horrea, large-scale state warehouses designed for ventilation,
durability, and economic stability (Du Plessis, 2012: 112).

2.1 Functional Studies

Material research highlights the thermal and hygroscopic properties of
adobe and mud plasters, while studies on passive cooling emphasise



thermal mass, solar control, and natural airflow as key principles in
climate-responsive grain storage design.

3. Methodology

A descriptive—analytical methodology was adopted, combining
computational simulations, documentary research, and interviews with
eyewitnesses conducted during field surveys in July and August 2024.
After reviewing the published literature about the Saryazd Citadel, this
study first recorded the functional details by carefully interpreting the
architectural and structural plans. Then, by interviewing the residents
of the neighbouring village of the castle, it recorded their experiences
and memories of the castle’s life. Then, it tried to match the architectural
features of the castle with the requirements of grain protection, such as
providing the desired ventilation, from the point of view of scientific
facts, in order to reach the hidden secrets behind the reasons for the
formation of the castle's form.

4. Results

The Saryazd Citadel, covering approximately 7,790 m2, was registered
as a National Heritage site of Iran in 1975. Architecturally, the three-
story structure is built of adobe, mud, brick, and gypsum. Its rectangular
plan incorporates 468 individually secured rooms, organised along
narrow, covered corridors connected to a controlled central entrance.
Storage spaces occupy the upper levels, while service, residential, and
administrative areas are integrated within the complex.

The citadel features a sophisticated multi-layered defensive system,
including a moat, concentric walls, watchtowers, controlled gateways,
and a drawbridge. An integrated water management system supplied
wells, a reservoir, and the moat. Combining climatic adaptation,
economic function, and military security, Saryazd represents an
advanced example of indigenous sustainable design in desert
environments.

4.1 Functional Techniques and Storage Systems



The clay vessels (tapou) and buried ceramic jars with narrow openings
were embedded in floors to conceal valuables, documents, spices, and
small food items. Their semi-permeable, unfired clay absorbed excess
moisture, helping maintain cool and dry conditions in the desert
climate. Larger above-ground jars were used to store bulk grains such
as wheat and barley, with cylindrical forms that regulated moisture and
reduced spoilage.

Hollow vessels were also incorporated into domed roofs to reduce dead
load, improve structural stability, and enhance thermal insulation. In
addition, semi-cylindrical wall niches made of adobe and straw plaster
provided small-scale grain storage while contributing to moisture
regulation and structural cohesion. Hidden wall cavities further ensured
security for valuable goods.

4.2 Technical Details

The Saryazd Citadel demonstrates how indigenous techniques and
cultural knowledge shaped sustainable desert architecture. Wooden
crossbars installed in storage rooms were used to dry freshly harvested
grain through natural ventilation, preventing moisture damage and
mould. In addition, dried gourds or pumpkin embedded within walls—
particularly in a large room associated with the local ruler—served to
protect sensitive documents from humidity and pests. These methods
reflect a creative integration of local materials, climatic understanding,
and cultural beliefs, enhancing both functional efficiency and
architectural identity.

4.3 Natural ventilation

The adobe architecture of Saryazd Citadel achieves effective natural
ventilation and thermal stability in Iran’s hot-dry climate. Oriented
about 10° east of north to capture prevailing summer winds, the design
integrates controlled entrances, roof openings, and narrow corridors
that accelerate airflow through the Venturi effect. Thick earthen walls
and vaulted roofs stabilise indoor temperatures, enabling stack-driven
ventilation.



Field measurements show interior temperatures 15-20°C cooler than
outside and airflow rates of 0.59 m/s, providing approximately 9.5 L/s
per ton of grain, within international storage standards. Beyond cooling,
this passive system enhanced defence by reducing large openings,
dispersing smoke or gases, and ensuring secure, long-term storage.

5. Conclusion

The study shows that Saryazd Citadel is not only a defensive structure
but also an integrated example of climate-responsive architecture for
grain storage in hot, dry regions. Thick adobe walls, compact spatial
organisation, controlled openings, and natural airflow create stable
thermal conditions with minimal energy use. These indigenous
strategies remain applicable for modern storage design, energy
reduction, and sustainable reuse, while supporting informed
conservation and adaptive revitalisation efforts.

Keywords: Grain storage, Hot-dry climate, Indigenous architecture of
Yazd, Passive design, Saryazd citadel.



