
Distributed Generation/Combined Heating Cooling and Power Capability and Emission Reduction

BACKGROUND

Emission reduction methods result in a broad spectrum of monetary and non-monetary benefits, such as energy savings, deferral of transmission and distribution system upgrades, and power quality improvements, air quality improvements, enhanced energy security, improved balance of payments.  Combined heat and power, distributed generation and renewable energy projects are routinely analyzed for specific customers interested in installing such equipment.  The focus of such site-specific assessments is typically limited to two parties, the owner/user and the local utility.  Analyses do not typically include impacts on other stakeholders such as interconnected distribution utilities, transmission system operators, generating system operators, other local and regional utility customers, various levels of government, and those concerned with the environment (e.g., air quality regulators).

Oak Ridge National Laboratory (ORNL) has developed and used a range of assessment methodologies to understand implementation challenges and benefits of emission reduction methods to local, regional, national and global populations. Scenarios for a Clean Energy Future
 documents a scenario-based approach, which examined alternative portfolios of public policies and technologies that overcome energy-related challenges. This comprehensive analysis concluded that public policies can significantly reduce carbon dioxide, air pollution, petroleum dependence and inefficiencies in energy production and use, and the direct economic benefits of these polices can outweigh their costs. This study makes a strong case for the value of energy technology research, development, demonstration and deployment as an effective public response to the nation’s energy-related challenges and showed that currently available and cost-effective technologies could penetrate the market if public policies and programs were designed to overcome market failures and organizational barriers which hinder their widespread use. ORNL prepared this study by working with five national laboratories, reviewing models developed at ORNL and by others, analyzing results in terms of accuracy of assumptions and quality of analysis, and drawing conclusions regarding the results of the assessment.

EPA’s Office of Policy, Planning, and Evaluation and DOE’s Office of Energy Efficiency and Renewable Energy funded Oak Ridge National Laboratory (ORNL) to develop the Oak Ridge Competitive Electricity Dispatch (ORCED) model.  Using this model, ORNL has analyzed technical, economic or financial aspects of emission reduction methods. The existing and restructured electricity market are assessed by analyzing the electricity supply system for a given region or utility system based on power generating plant information and the region's hourly electric load demands.  ORCED uses the plant operating characteristics, fuel costs, and a region's power demands to calculate air emissions, electricity costs and prices, and other operational factors of a regional electricity market. Geographic regions of the country can be analyzed separately or in combination.  

Multiple commercial and federal sites and individual case studies of distributed generation installed in combined heating and cooling applications have provided input data used to characterize benefits associated with installing and operating distributed energy resources. Input to the model can easily be varied to assess the sensitivity of output parameters.  Optimization routines use input data on constraints and the parameter to be optimized to determine the best mix of centralized plants and distributed generation. The model is flexible so that modifications can be easily made to suit the needs of different studies. 

ORNL and other groups around the country have used ORCED to analyze topics such as:

•
National carbon emissions under differing energy and carbon reducing scenarios

•
Effect of carbon taxes on power production in the Midwest

•
Benefits of multiple emission controls strategies

•
Impacts of hydropower relicensing on carbon emissions

•
Potential for economic biomass cofiring on a state and regional basis

•
Effect of NOx emission control implementation plans on system reliability 

•
Market incentives for adequate generation capacity in a restructured electricity market

•
Impact of restructuring on power prices in the Pacific Northwest

•
Stranded cost recovery processes in the mid-Atlantic region 

•
Effect of restructuring on power prices and profitability in Oklahoma

ORNL has identified the market and emission impacts of different distributed generation emissions limits in East Texas, West Texas, and the State of Texas as a whole. Three emissions limitation cases were selected and applied to various distributed generation technologies in seven typical applications. This assessment predicts distributed generation market penetration and related emissions (tons of NOx) in each air shed as a function of differing emission limits through 2010.

ORNL helps federal agencies and industry maximize the benefits of their energy projects, by providing assistance such as energy and waste audits, design assistance, technical review of designs and specifications using a wide array of tools and resources. The highly qualified Federal Energy Management Program team has applied their skills to energy projects at federal facilities around the world. Site-specific project financing resources help agencies use private-sector financing for their energy projects. Project facilitators guide end users through the process of financing and implementing projects using Utility Energy Service Contracts and Energy Savings Performance Contractors. New energy-efficient technologies are introduced to the federal sector to accelerate their deployment by agencies seeking to reduce their energy use and costs and meet their energy goals. New technologies are demonstrated and their energy- and cost-saving benefits are brought to the attention of the federal sector.

ORNL has recognized the importance of global climate change.  The Laboratory Director is supporting development of a climate change adaptation model:  Oak Ridge Climate Impact Response Model (CLIR).  ORNL also hosts the Carbon Dioxide Information Analysis Center, which includes the World Data Center for Atmospheric Trace Gases.  This Center is DOE’s primary global-change data and information analysis center. CDIAC responds to data and information requests from users from all over the world who are concerned with the greenhouse effect and global climate change. CDIAC's data holdings include records of the concentrations of carbon dioxide and other radiatively active gases in the atmosphere; the role of the terrestrial biosphere and the oceans in the biogeochemical cycles of greenhouse gases; emissions of carbon dioxide to the atmosphere; long-term climate trends; the effects of elevated carbon dioxide on vegetation; and the vulnerability of coastal areas to rising sea level.

Using this comprehensive set of modeling tools, ORNL can use a staged approach to analyze and model alternative emission reduction strategies.

Emission Reductions as a Function of Energy Market Modeling

Iterative, staged assessments could progressively refine and clarify the technical, economic or financial benefit of emission reduction methods while providing opportunities for meaningful and frequent exchanges with stakeholders. Models developed by others could be reviewed and the results analyzed in terms of accuracy of assumptions and quality of analysis. Promising results of energy market modeling could be analyzed for potential emission reduction – strengthening the link between viable energy markets and improved air quality.  This approach emphasizes work performed using ORCED, but draws on other ORNL capabilities.  

Economic Analysis.  ORNL is building on prior experience with ORCED to evaluate the effect of distributed energy resources on a regional basis.  This macroscopic economic model consists of an integrated set of tools, some of which work in a time series domain, and other, which work in a load-duration domain.  Data input includes a detailed recent historical record on actual prices that are used to statically project regional price trends.  Data also includes power-generating equipment for a selected region.  Stocks and flows of capital equipment change as a function of time allowing equipment to be aged and replaced with new technology. 

Distributed generation input data can be expanded to include renewable resources such as wind, solar and biogas.  Initially a base case can be established that does not include access to distributed resources.  The second case can implement sufficient DER to examine the impact of market structures on the economics of implementation.  Using two cases, parametric studies can examine the impact of factors that affect the penetration of distributed resources such as ancillary service markets, need for reliability, or real-time electricity pricing.  The analysis methodology and proposed parametric values can be modified to accommodate stakeholder’s interests.  Results would quantify the benefits of distributed generation, including ancillary services, peak demand suppression, and customer reliability. Summary results can be presented in terms of:

· KWh or Btu conserved

· Peak kWh or Btu conserved

· Tons of pollutant reduced

Policy Analysis.  Building on ORNL’s assessment of challenges and benefits of emission reduction methods as described in Scenarios for a Clean Energy Future, the effect of public policies and incentives on technology penetration and adoption can be analyzed.  Analyses can include the ability of recommended public policies and programs to overcome market failures and organizational barriers, which hinder the widespread use of these technologies.  

Site-specific Financial and Technical Analysis. Building on experience with the Federal Energy Management Program, ORNL can analyze specific applications for emission reduction technology in the commercial sector.  Data from a vast array of individual projects can be used to define the potential for financial payback and identify barriers to success.  ORNL can coordinate with regional experts in the deployment of clean energy technologies to ensure that accurate and current information regarding project implementation are modeled and analyzed.  

Global Climate Change Analysis.  ORNL's Climate Impact Response Model (CLIR ) and data are being developed to integrate both mitigation and adaptation pathways as responses to global climate change.  As presently configures, the model includes three geographic scales of the U.S. (18 meso-regions, 7 mega-regions, and the U.S. as a whole) and the rest of the world and representation of fifteen mitigation and fifteen adaptation pathways.  Information infrastructures are being refined and linkages with National Energy Modeling Systems (NEMS) explored to model the effects of mitigation. 

The Oak Ridge Competitive Electricity Dispatch can be used to analyze economic systems and assess options for mitigation of global climate change by predicting reduction in emission of greenhouse gases.  Building on ORNL’s experience with CDIAC mathematical models, which analyze adaptation and mitigation strategies, can be validated and run.  Actions taken to mitigate or adapt to climate change can be tracked. This is a powerful combination of tools can be used to track progress of actions taken or planned to mitigate or adapt to climate change.

� Scenarios for a Clean Energy Future, prepared by the Inter-laboratory Working Group on Energy-Efficient and Clean-Energy Technologies, ORNL/CON-476, November 2000.
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