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Utility / Energy Analysis

NOTE:  since the range of facility or building size discussed here can range from a multi-building complex with millions of square feet to a small stand-alone building, readers will have to adapt the concepts presented to fit the scale and context of interest.  As example, discussion of the need to deal with self-generation of electricity may be inappropriate for locations where electricity is inexpensive and reliable, or for a project where one small building is to be built.  Similarly, extensive utility strategies will usually be inappropriate where fuel options are limited.

Many years of research assessments on new and emerging energy technologies have shown over and over that utility rate structures are a major, if not the primary, driver of energy solutions in buildings (perhaps deregulation will eventually change this).  Thus, in the overall process of developing concepts and designs for a new facility, development of a utility strategy up front should be a critical, early step.  Logically, analyzing building energy system options can be questionable if fuel or energy source availability, fuel or energy rate options, and electricity generation options are not understood.

Given the potential importance of the effects of fuel / utility options on building energy systems, integrated utility strategy option paths should be critically considered early in the process of planning for a new building or facility.  These paths, as defined by what fuels or energy sources are available and recommended for use, whether electricity reliability will be an important issue, and what mix of utility vs on-site generation is needed, should provide the framework for subsequent evaluation of all or most other energy system options.

Utility / fuel strategy alternatives, with corresponding building system alternatives, should have estimated energy use modeled and reported for the schematic design stage and all stages of interest during design development of a building or facility.  Additional analyses, such as life-cycle cost analyses, should also be conducted and presented based on the hierarchy of utility strategy paths, with dependent mechanical and electrical (energy) system alternatives as subsets.

Estimates of annual energy use by fuel/energy type are required to obtain an estimate of an Energy Star rating for a design.  Total energy and power use are needed to determine electricity backup/generation strategy in cases where these issues are important.  . Calculations of energy use and costs are also needed to obtain points under LEED Energy Credit 1 (final verification requires detailed simulation).  These calculations must cover both a base compliance building (budget building) energy cost and the energy cost of the proposed design.  The proposed design is required to have 20% lower energy cost than the budget building to obtain the first two points under this credit.  Any process use (atypical high energy user) portions of a building are excluded from the modeling, and plug loads are removed from the total for calculation of savings percentages (following requirements of Section 11 of ASHRAE Std 90.1-1999).  

[ see the Energy Star Performance document for further detail on data requirements ]

Conceptual Design

If “green power” is important, potential sources and procurement options must be considered at the conceptual design stage and required follow-on tasks defined.  Expected Energy Star performance is important to document at this stage, according to utility strategy option paths and energy system subset configurations considered the “selected” or “preferred” configurations for further design effort.  If LEED certification is being pursued, the Energy Credit 1 points expected to be obtained should also be reported according to these utility and energy system configurations.

Schematic Design

Selected or preferred utility strategy alternatives, with corresponding building system alternatives, must have estimated energy use modeled and reported.  As described above, results of the energy analysis must be reported based on a hierarchy, with utility / fuel supply option paths defining subsequent system alternatives, e.g., mechanical and other system options must be subsets of utility / fuel strategy option paths.  Report results, covering the selected design schemes and ability of system options to satisfactorily meet functional requirements, should be outlined in the following format:

· Executive Summary with Recommended Utility / System Options for Detailed Evaluation

· Modeling Approach and Estimates of Uncertainty in Results

· Utility/Fuel Cost Structure Options

· Utility/Fuel Strategy Options and Impacts on System Options

· Self-Generation of Electricity and Backup Power Options

· Estimated LEED Energy Credit 1 results for Selected Key Option Configurations (if applicable)

· Energy Star Rating Tool Inputs, Outputs, and Ratings for Selected Key Configurations, with Estimated Annual Energy Costs for Each Configuration (covering applicable spaces)

· Energy Use and Costs per Square Foot for Each Building and for Each Major Energy System by Fuel Type and Total of All Fuels (which should be part of input development for item above, but is required for all spaces)

· Building Envelope Shading and Thermal and Air Leakage Properties

· Fenestration Thermal and Air Leakage Properties, Shading Devices, and Reflectivity for Visible Light and Infrared

· Daylighting and Lighting (Indoor and Outdoor) Systems and Control

· IAQ/Exhaust/Pressurization System Options and Control, including Distribution Systems

· Heating / Cooling System Options and Control, including Distribution Systems

· Central Control System Architecture and Control Strategy Options and Interfaces with Local Control Devices, Energy Systems, and Security Systems

· Energy Star Computer and Appliance Options

· Appendix of Weather Data Parameters

[ see the Mechanical System Configuration Issues document for further detail on these systems ]

If life-cycle cost (LCC) analyses are required, the results of any such analysis should be used as secondary factors within an overall total building budget impact analysis (where budget impacts of major option strategy paths represent the primary factor).  Other potentially important secondary factors to consider include:  space and facility quality impacts, productivity impacts, occupant satisfaction, reliability, maintainability, LEED compliance, and Energy Star compliance.  The extent to which the LCC results include cost impacts of future configurability or churn, occupant satisfaction, productivity, reliability, etc., should be critically considered.

There may be important benefits to including some consideration of performance contracting options, especially if self-generation of electricity appears important for a building or facility, so that outside capital and/or expertise might be used to increase the quality of facilities while living within resource constraints.

Design Development

Finalize the utility / energy analysis report developed during the schematic design stage, including final determination of the ability of specific systems to meet design criteria and functionality requirements.  Report using the same categories defined above, except that the executive summary is providing information on the specific option(s) chosen for development.  Utility plans and layouts and electrical one-line drawings should show all utility metering points and all proposed sub-metering points needed to measure total energy of spaces for which an Energy Star label will be pursued.  

Download this document from:  http://eber.ed.ornl.gov/commercialproducts/Design.htm 

This document is not necessarily definitive, and comments are appreciated.

Email:  macdonaldjm@ornl.gov 
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