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Abstract

This paper attempts to study the role played by governmental policy instruments in fostering the widespread diffusion of eco-friendly technologies and materials by autonomous manufacturing firms. In this study, we chose to consider the Integrated Circuit (IC) and Micro Electro Mechanical Systems (MEMS) manufacturing firms. This study aims to decipher some possibilities and limitations of governmental policies that are aimed to steer technological changes in an eco-friendly direction. With this intention, an agent-based simulation tool has been developed in which manufacturing firms are represented as autonomous agents. We concentrate on representing the intrinsic properties and operations of individual firms. We believe that the diffusion of eco-technologies greatly depends on the internal operations and characteristics of a firm as well as the social structure amongst agents. Several conditions such as the capacity utilization, vintage of capital, ownership of capital, and formal and informal alliances have a profound impact on the technology adoption decision of firms. 

In our simulation model, the universe is defined as a list of manufacturing firms (called agents) which produce a variety of products. The conversion of raw materials into finished products is accomplished using a variety of processes that bring about changes in the configuration properties of materials by applying energy and other auxiliary materials. Our model is based on the premise that manufacturing, reduced to its simplest form, involves sequencing of products through different manufacturing processes. The goal is to model the behavior of firms with respect to the production technology choices for each of these processes. In the initial state, firms deploy certain existing production technologies for each of their manufacturing processes. As the simulation progresses, a number of new technologies and materials evolve and are either widely accepted or rejected depending on the perceived technology benefits by the individual firms. The technology benefits are measured by factors such as the operational costs, environmental impact, risks associated with the technology, enhanced product performance benefits, and number of other agents adopting the technology. Since agents are autonomous, the method of computing the technology benefits may differ from one agent to the other. We make an effort to highlight the following points in the model: (1) agent heterogeneity in their technological and behavioral features, (2) social interactions with other firms as well as with the users of the product, (3) bounded rationality exhibited by agents in their search for alternate technological choices. The specific research questions addressed in our study are: (1) How effective are the current environmental policies in fostering the diffusion of eco-friendly technologies? (2) What are the key controllable parameters that can be manipulated to ensure the effectiveness of governmental policies? 

Various environmental policy instruments are applied at different points of time in the simulation to perform ‘what if’ analysis. We specifically apply command and control technology requirement strategies such as the Best Achievable Control Technology (BACT), Least Achievable Control Technology (LACT), and Maximum Achievable Control Technology (MACT). Of the 189 air pollutants that are deemed hazardous by the US Environmental Protection Agency (EPA), we consider those that are relevant to the fabrication of Integrated Circuits and MEMS devices. Some of the regulations considered in our study include ozone depleting taxes, air toxic emissions fees, hazardous chemical inventory fees, and hazardous waste generation fees. The expected results of this research study include identification of key parameters that can be used in the formulation of improved environmental policy instruments. The effectiveness of governmental policies can be studied by manipulating some of the key parameters in our simulation model including the following: 

· Changing the network connectivity 

· Varying the proportion of innovator agents

· Changing the R&D expenditure

· Changing the demand for various products

· Changing the number of eco-innovation technologies.

Though many command and control technology requirement policies and regulatory programs (taxes and fees) have been used in our simulation, it is by no means an exhaustive study. Rather, an attempt has been made to conduct initial exploration of some of these policy instruments and then consider a more exhaustive list of policy instruments in our future studies.

