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Executive Summary

Investment in new generation capacity is critical to maintain the power system’s capability to provide re-
liable and economic electricity to meet the growing demand. For individual generation companies, correctly-
timed investment into the appropriate generation technology located at the appropriate site will yield a future
stream of beneficial returns over many years to come. Conversely, a misguided investment could lead to un-
foreseeable and undesirable consequences that not only negatively impact the profitability of the company
but also may compromise the reliability of the power system. The pursuit of an effective strategy to for-
mulate profitable investment plans has been one of long interest, yet many existing strategies have limited
capability to address some significant challenges. A particularly good example is the inability of many
current approaches to explicitly consider the compliance requirements imposed by various environmental
policy legislative and regulatory initiatives so as to reduce the environmental impacts of electricity opera-
tions. Moreover, uncertainty on both demand side — short-term load variations and long-term growth patterns
— and supply side due to the deeper penetration of the variable and intermittent outputs of renewable energy
resources introduces major complications in the quantitative measure of the risk and return associated with
the investment. The additional sources of uncertainty in the competitive environment further complicate
the analysis due to the interactions of the independent decisions of the various market participants and their
impacts on grid congestion and the outcomes of transmission constrained electricity market. The objective
of this project is to effectively address the many complicating factors in the investment decision-making area
with the explicit consideration of the impacts of environmental regulations and of key sources of uncertainty.
To meet this objective, we constructed an appropriate analytical framework to facilitate the analysis of the
issues so as to lead to the selection of improved investment decisions.

The proposed analytic framework provides the capability to assess the profitability of the investment
decision over a longer period by taking into account the ramifications under the considered sources of uncer-
tainty and directly incorporating the compliance requirements of environmental restrictions. The framework
makes detailed use of probabilistic and scenario analysis so as to quantify the uncertain outcomes. For ex-
ample, the methodology can quantify the returns on an investment in intermittent wind generation turbines
as well as those on a coal-fired generation unit investment under the various environmental restrictions that
impact its operations. Furthermore, the framework is effective in the analysis of what if questions to study
the impacts of a large number of issues, such as various transmission expansion alternatives, implementation
of significant wind generation projects by a competitor generation company, and termination of production
tax credits for renewable energy generation.

The modeling framework has a three-layer structure. The decision maker interfaces with the optimiza-
tion layer through the input of a set of candidate investment plans. The information flow among the three
layers allows the comparison of the various alternatives on a consistent basis in line with the decision maker’s
preferred tradeoff criteria between risk and return in terms of expected value, or worst scenario or maximal
regret. The assessment layer analyzes comprehensively each investment plan under the represented sources
of uncertainty. The computational engine in the operations and market layer simulates the clearing of the
hourly transmission-constrained markets by solving the DCOPF formulation for the market clearing prob-
lem. In this way, the analysis explicitly accounts for temporal and spatial correlation among the loads and
renewable resource outputs under transmission network constraints. Also, the analysis considers the im-
pacts of the retirement of generation capacity, addition of new capacity, transmission expansion, and load
growth. Indeed, the framework allows the ranking of the various alternatives in terms of specified metrics on
a meaningful basis. The framework is a practical decision tool to help both planners and investment analysts
to make better-informed decisions by explicitly taking into account various sources of uncertainty and the
requirements of compliance with environmental regulations.
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We illustrate the application of the framework with numerical results from representative case studies
carried out on the 240-bus WECC test system. Our studies indicate the effectiveness of the analysis of the
decision alternatives by the three-layer framework so as to effectively construct an investment plan in line
with the decision maker’s preferences. The studies show the sensitivity of alternatives to the technology
type, implementation timing, siting location, and generation capacity addition. Results using the proposed
framework, with proper visualization, reveal insights into the consequences of an investment plan that could
not have been available without the framework. The case study results are particularly useful to understand
the impacts of each individual investment company’s strategy on the power system’s overall generation ad-
equacy in meeting the forecasted loads and in the resulting market performance. The report discusses in
detail the analytical basis for the framework, analyzes the case study results and provides an interpretation
of the ramifications of investment decisions made with the developed framework. The report also provides
directions for future work.

Student Theses: Yanyi He, “Analysis of investment decision making in power systems under environmental
regulations and uncertainties,” PhD dissertation, lowa State University, expected September 2013.
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