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ABSTRACT

Due to diverse ecosystems in Iran, the country has been one of important centers of supplying
herbal plants. Hence, the context of herbal plants can act as a valuable resource for increasing non-
oil revenue. Current research has investigated how to design a herbal plant’s supply chain network
in view points of business and customers. Therefore supply chain of herbal plants of India, Africa,
United States, and Iran has been studied. Iran’s Foeniculum vulare Mill herbal plant has a
remarkable share in trade market. Razan city in Hamadan province is one of the major planting
centers of it. In this article, modeling of supply chain network considers 4 levels which are
purchasing material, processing, distribution and customer. Modeling is done by bi- objective
MILP to increase two objectives of profit and quality. Research method is quantitative. Outputs of
network design are location of processing and distribution centers, also assignment of distribution
centers to customers, determining delivering quantities and different transportion modes selection
between all active nodes of a network in different levels of the supply chain. Main innovation of
the research is application of quality featurs of herbal plants as quality degredation rate. Validation
of the model is assessed by real data in the case study. Sensitivity analysis on the results shows that
the modeling has the validity and reliability. Effective solutions of the model are shown in a Pareto
boundery. The results in one selected point are described. Results of the research can be used for
agricultural products with limited shelf life and constant degredation rate and also for herbal plants
in priority in national document of herbal plants programming. In order to develope the research,
uncertainty of supply and demand parameters can be considered, also multi products supply chain
and network of exporting herbal plants can be considered in future studies.
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Expanded abstract

Recently, medicinal plants are demanded and accepted for public people increasingly. Due to
the applications of herbal plants in pharmacology, nutrition, cosmetics and aromatics industry,
herbal plants’ supply chain has been one of objectives of scientific branch of supply chain studies.
Due to diverse ecosystems for planting herbal plants in Iran, the context of herbal plants can act as
a valuable resource for increasing GDP and non-oil revenue of the country. Moreover, it is a
profitable field for investment and to make currency. Network of herbal plants’ supply chain has
been designed in this research study. It is considered four levels of the supply chain that are
providing materials, processing, storage and customer levels. First level is purchasing raw material
by beforehand contracts with local farmers in special area. At second level material transported to
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processing centers to be separated, sorted and packaged. At third level sorted products are kept in
cooling storage centers to be maintained until being distributed. At fourth level there are customers
in trade center of each province in the country. Transportation is done between different levels by
one of two modes of cooling container truck and pickup truck. The first three levels were to be
settled in the province and customer levels were settled in provinces all over the country. Two
objectives are followed in this supply chain design process, which are benefit and quality criteria in
the products of the supply chain that both are to be maximized. Benefit depends on cost of
purchasing plants in guaranteed contracts with farmers, cost of installation and operational costs in
processing centers and also cost of storaging in storage centers, and cost of transportation between
different levels of the supply chain. It is extremely dependent on the initial quality of the products
and the time that products were transported between different levels of the chain till it is received
by the customers. Research is done of view point of trade management of herbal plants in
agriculture ministry of the country. In perspective of research approach, this research is quantative,
and modeling is done by linear programming. It is also an applicable research. It is concentrating
on integrated supply chain design of providing materials, processing, storage and also customer
levels herbal plants supply chain by considering quality feature of the products, moreover the
benefit of the chain. The research approach of problem solving is multi-objective decision-making
in a MILP model by e- constraint method, as a bi- objective MODM. Validation of the model is
assessed by real data in the case study of Foeniculum vulgare Miller products. Outputs of network
design’s modelling of Foeniculum vulgare Miller products responds to questions of, where to settle
integration centers among limited potential centers determined before, where to settle the
distribution centers among limited potential centers determined before, Assignment of producers to
each processing center to send product, Assignment of processing centers to each storage center to
send product, Assignment of storage centers to each customer to send product and selection of
transportation mode between different levels of supply chain to meet customers’ need in order to
optimize both objectives of benefit and quality to meet customer demands. On the basis of studies
done, there has not design of any supply chain of herbal plants as a perishable product that used
both objectives of benefit and herbal plants’ quality simultaneously. It is the main innovation of the
research that it is considered two dimentions of the benefit and quality simultainously in a supply
chain study of herbal plants as a perishable product. Moreover, as an innovation, the nessesity and
importance of application of the result of the research in a reality is inevitable, because no supply
chain of herbal plants has been worked officially in the country on the basis of the benefit of the
more important actors of the supply chain which are customers. In result, two mentioned benefit
and quality objectives act in contract in the Pareto boundry. Designed model can be adapted to
other products in different produce centers to be delivered to national and international users. In
future studies, also uncertainty of supply and demand parameters can be considered in supply chain
planning. This research study can also support policymakers in this context and agri-food industry.
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