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Commercial Building Energy Consumption, 1995

According to the Energy Information Administration, 
approximately 45% of the energy consumed in a commercial building is used to artificially heat and cool a space. Approximately 31% is used for artificial lighting.

California Codes and Guidelines
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TITLE 24, Part 6 Energy Efficiency Standards              
Title 24 was established in 1978 by the California Energy Commission to reduce energy demand. Title 24 includes prescriptive and performance approaches to meeting code i.e.; 

· Maximum energy use for standard office building: 17 KwH/ft²-yr 

· Maximum Office lighting 1.2 watts/ft2
Mandatory measures include the building envelope, the mechanical system, ducts, and lighting.

Performance standards vary according to building type. There are thirteen non-residential building types identified.

The latest revisions, AB 970, effective June 2001, were written in response to the energy crisis. They included significant revisions to glazing and lighting.

Government Code Sections 15814.30 – 15814.35 states that  “State Buildings shall be models of energy efficiency….”

Sustainable Design Task Force Energy Tier Lists

DGS Tier list requirements are as follows: 

· All Tier One measures are required to be implemented on all projects unless not applicable or inappropriate

· Tier Two measures should be considered and recommended as appropriate on a project-by-project basis 


California Leadership in Energy and Environmental Design Standard (LEED() Supplement

A California-specific LEED supplement is currently under development. The supplement references local and regional standards in addition to the national standards referenced in LEED.
Energy Design Goals

The long-term energy consumption of a building has the most significant environmental impact, and from an operational cost standpoint, the most economic impact, than any other building characteristic.

Two of the most critical steps toward the design and construction of a sustainable building are:

· Setting energy design goals at the beginning of a project, and 

· Evaluating all opportunities for an energy efficient design
Setting Energy Goals

An integrated approach should be used to determine goals early in the design.  This can include: 

· Collaboration and prioritization setting

· Input from all design and engineering professionals, project managers, tenant/owners, facility mangers

· Establish performance goal in relation to Title 24

· Use life cycle economic analysis and financial incentive programs to lower first costs and costs of ownership

· Initial team meetings to learn team member styles, priorities and approaches

· Use of common software to facilitate plan and document sharing

· Utilize energy modeling software to simulate energy use based on various system configurations and building orientation

Priorities in Setting Energy Goals

1. Consider Building Orientation
· Site building to take advantage of natural light and decrease heat gain
2. Design Building Envelope, considering:

· Exterior materials

· Insulation

· Daylighting, including: window selection, use of building design elements such as clerestories, lightshelves

3. Select appropriate building systems

· Design for HVAC (premium) efficiency

· Use advanced building controls and commissioning

4. Consider distributed generation technology sources 

Increased energy efficiency reduces:

· energy demand

· need for new power plants

· green house gas emissions; 

· and saves money.

Example: SMUD Customer Service Center

[image: image6.jpg]



Architect: Williams and Paddon – Architects and Planners
Size: Two to Four Story, 190,000 s.f.   

Completion: November, 1995  

Awards: 1993 American Institute Of Architects Design Award 

Project Features
Sacramento Metropolitan Utilities District (SMUD), a customer-owned utility, presented the following challenge:

· to create a new 190,000 s.f. Customer Service Center

· be cost effective on a lifecycle basis

· and most importantly, become an effective ambassador for energy efficient design in their service area. 

The building is focused on Customer Service, supported by an employee Fitness Center, a public Cafe, and an Energy Education Center that supports the Utility's growing attention to demand side energy management.

SMUD Design Process

The design process included

· Detailed masterplanning
· Design charrettes with all disciplines 

· Target efficiencies established early

· Detailed systems energy modeling to meet targets

SMUD Energy Design Goals

The design goals for this building as they relate to the energy systems are summarized as follows:
· The primary design goal is to provide a working environment that emphasizes the health, comfort, safety and productivity of the occupant,
· Maximize occupant control of their work environment for comfort and productivity,
· Surpass the California energy code (Title 24) for commercial buildings by at least 25%,
· Use efficient, commercially available, proven technology for energy systems and equipment,
· Evaluate design alternatives on a life-cycle cost basis, and; 
· Provide flexibility in construction to permit easy retrofit of new technologies and demonstration systems. 
In addition to designing a building that used at least 25% less energy than a comparable office building, the design team looked for design solutions that used natural ventilation, natural daylighting and solar energy in a cost-effective manner.

Why Exceeding Title 24
Most well designed buildings today are considerably better than the energy code minimum.  Good architects and engineers recognize that the greatest value to the owner usually means going beyond the minimum.   

A California Energy Commission study found that, for office buildings throughout the State, efficiencies of 20% better than T-24 are possible with simple payback periods of less than 5 years. 
 Climate    
Payback        % Better 

 Zone       
Period (yrs)       than 24
Small Office       

12 (Sacramento)    0.9
   
21%

10 (Riverside)
  1.3

22%

 3 (Oakland)
  1.8

19%

Large Office        

12 (Sacramento)
  2.4

 21%

10 (Riverside)
  1.1

 23%

  3 (Oakland)
  1.2

 21%

Exceeding Title 24 can be accomplished by:

· Provide interdisciplinary whole building approach 

· Site building to take advantage of natural light and decrease heat gain 

· Design envelope with material thermal resistance, proper insulation, efficient glazing 

· Use daylighting features for natural light to offset artificial lighting demand 

· Design for HVAC (premium) efficiency (detail a few items)

· Use advanced building controls and commissioning

Public Buildings Exceeding Title 24

There are a number of examples of buildings in California that exceed Title 24 and show significant energy savings. They include:

Capitol Area East End Complex
This building, currently under construction is expected to perform at least 30% below Title 24, with an associated savings: $400,000 annual energy savings predicted.

City of San Diego Ridgehaven Building
Operating at 61% below Title 24.

City of Santa Monica Public Safety Facility
Operating at least 40% below Title 24.

Building Orientation

Building orientation can have long-term implications on the energy consumption of a building. Buildings should be sited to take advantage of solar orientation, wind patterns, and vegetation that might contribute to shading. 

SMUD Building Siting

Before work started on the building design, the spatial relationships of the project were studied.  From an energy perspective, the best site would allow the building to align with the natural path of the sun which directly affects energy for cooling and daylighting.  The energy required for the day-to-day activities of customers, visitors and employees was also considered.
Siting resulted in:
· Long axis in East/West direction

· Allows elimination of west windows

· Reduces air-conditioning load
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SMUD East-West Axis Building Orientation

Building Envelope Design

The building envelope design will have significant impact on the long-term cost of operating a building. Materials should be carefully selected to properly insulate the building, allowing appropriate amounts of daylighting into the facility, while reducing unnecessary solar gain.

The U.S. DOE Energy Efficiency and Renewable Energy Network  has extensive amounts of information on building envelope design including: 

Technologies:

· Windows

· Insulation

· Walls

· Alternative Building Materials

· Roofing

Issues

· Moisture and Leakage Control

· Thermal Bridges 

· Indoor Air Quality and Air Exchange

· Whole Building Design 

Other resources include: 

The Building Technology Center at Oak Ridge National Laboratory Building Thermal Envelope Systems and Materials program.

Rocky Mountain Institute Weatherization, Insulation and Windows
SMUD Envelope Design
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· R values greater than the current Title-24 standards

· Shading of all glass areas from direct sunlight

· Optimized placement of glass: no west-facing windows, south glass completely shaded, north glass is maximized to provide optimum daylighting

· Visual access to natural lighting provided to all employee workspaces

· Operable windows allow employees to choose natural or mechanical ventilation.

· Exterior and interior light shelves: used to project daylight further into the interior, shade the windows and interior spaces from direct sunlight

· Extensive use of daylighting through exterior fenestration and skylights on the top floors: photocells turn off lights when a specific level of daylight is reached.

· Skylights triple glazed with white prismatic lenses: diffuses and captures more daylight for the interior, photocells control operable louvers which open or close to maintain proper light levels.
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SMUD Atrium, Showing Protected Redwood Grove
Photographs: Williams and Paddon – Architects and Planners © 99

Daylighting Strategies

Benefits of optimizing the use of natural light include:  
· occupant comfort

· ascetically pleasing; 

· lowers electric lighting load 

· reduces building’s interior heat load

Considerations and variables include: 

· building orientation, footprint, surrounding structures and site shading

· window placement, glazing, facades, skylights, light shelves

· layout of workspaces

Not only is daylighting important to reduce unnecessary energy consumption, according to the article “Do Green Buildings Enhance the Well Being of Workers? Yes” (Environmental Design and Construction, July/August 2000), contact with nature and sunlight has been found to enhance emotional functioning, resulting in positive emotions which are in turn, associated with creativity and cognitive “flow”. (Refer to the Indoor Environmental Quality section for more information on the benefits of daylighting).

Energy Efficient Lighting 

Optimizing the use of natural light reduces the amount of artificial light needed in a building, which in turn reduces cooling loads related to heat given off by lighting fixtures. 

Other efficient lighting strategies include: 

· Reduced overhead lighting  
· Use of task lighting

· Reflective ceiling
· Energy efficient lighting fixtures
Lighting controls

· Photo sensors with continuous dimming ballasts

· Occupancy sensors

· Programmable Energy Management Control Systems; voltage reduction and programmable scheduling

The Whole Building Design Guide has numerous resources and strategies for energy efficient lighting. 

The Illuminating Engineering Society is the prime authority on lighting design.  It sets standards for illumination, energy efficiency, and promotes lighting as a design element

SMUD Lighting Strategies

Considerations/Variables
· building orientation, footprint, surrounding structures and site shading

· window placement, glazing, facades, skylights, light shelves

· layout of workspaces

Solutions

· Indirect/direct system: provides ultimate in visual comfort and no glare VDT environment, low to medium ambient supplemented with task lighting, maximum control with adjustable articulating fixtures
· Programmable energy management control system with sweeps and phone accessed zone control

· Full time dimmable photosensor controlled daylighting system
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Energy Management Systems

Energy management control systems are hardwired programmable logic control system that allow control of energy consuming systems in buildings and allows for real time monitoring of electrical load.

· Allows execution of sequences resulting in energy savings. For example, can turn off lights and control zone temperature settings, peak load shaving, site-wide hot and cold water reset

· Allows execution of sequences positively impacting indoor air quality

When to use

· Consider in all multi-zone buildings

· In retrofits, at a minimum, add to main air handling equipment; evaluate additional equipment based on cost/potential savings

Suggested Resources:

Building Controls

National Institute of Standards and Technologies Mechanical Systems and Controls Group
HVAC 

The Pacific Energy Center offers a number of resources, classes, and services. This includes HVAC systems optimization studies.
American Society of Heating, Refrigerating, and Air Conditioning Engineers, ASHRAE
Commissioning

Commissioning is a systematic process of ensuring that building systems perform interactively according to the design intent and the owner’s operational needs.

Portland Energy Conservation, Inc. Model Commissioning and Guide Plan Specifications
Commissioning for Better Buildings in Oregon, Commissioning Resources
Distributed Generation Technologies

Distributed Generation is the use of small-scale power generation technologies located close to the load being served. Examples include
· Microturbines

· Fuel Cells

· Photovoltaics

· Wind

In addition to the brief descriptions of the technologies that follow, refer to the summaries at the end of this section for more information.

Microturbines

· Similar to a small jet aircraft engine but typically has a compressor, turbine, and generator integrally combined in a single shaft
· Size range: 28 to 60 kW

· High potential for heat recovery (cogeneration) 

· Heat Rate at full capacity 15,000-17,000 Btu/kWh

· Installed costs range $1,300 - $1,800/kW

· NOx emissions .50-.70 lb/MWh

Fuel Cells

· Operating principle is conversion of chemical energy to electrical energy
· Energy conversion using fuel such as hydrogen and natural gas without combustion

· Low environmental impact

· Size range: 10 to 200 kW typical, but may be stacked to configure any desired size

· Heat Rate at full capacity 8,000-9,000 Btu/kWh

· Combustion generators produce electricity at an efficiency of 33-35%.

· Fuel cells are 40-50% efficient, up to 85% efficient if heat is reclaimed in the cell’s heat exchanger

· Installed costs range $3,000 - $4,000/kW

Photovoltaics

· Operating principle is conversion of sunlight directly to electricity
· Simple off-grid systems include PV modules, batteries, mounting structure, and associated wiring

· Environmentally benign

· Size Range: 10 to 200 kW
typical, but may be linked to configure any desired size

· Installed Costs (without subsidies) range $7,000 to $10,000/kW

· Designing as an oversized system provides income potential via net metering in California
Wind Turbines

· Operating principle is conversion of the wind’s energy to electricity. 
· Fastest growing segment of renewable energy

· Environmentally benign

· Typically these consist of generators with rotating blades on towers installed in areas with high, steady winds

· Size Range: 10 to 750 kW (individual turbines may be connected to produce a wind farm to yield a much larger capacity)

· Installed Costs range $850-$3500/kW

Distributed generation economic factors include: 

· Desired payback period and rate of return 
· Fuel 

· Maintenance

· If heat is recovered, how the heat is used

· Operating Hours

· Emissions (for fuel cells, microturbines potential for regulatory compliance costs)

· Displaced power value vs. average cost of electricity

· Application of demand charges if unit(s) fail(s)

Measures of Economic Performance
In order to determine the economic feasibility of these, or any other technology, it is necessary to address life-cycle.  Important terms in life-cycle analysis include:

Simple Payback: the time in years to recoup an initial investment. 

Life-Cycle Cost: costs over life of equipment

Net present value (PV): future dollars discounted to today’s value

Simple Payback

Simple payback can be calculated by dividing the initial investment by the annual energy cost savings.

Advantages
· Minimum data needs

· Widely used

· Easy to understand

Disadvantages

· Ignores costs and savings that occur after payback is reached

· Does not include time value of money

· Ignores operation and maintenance costs other than energy

Life-Cycle Cost

Life-cycle cost addresses finding the alternative with the lowest life-cycle cost

Advantages

· Considers all costs and benefits throughout the study period

· Accounts for the time value of money

· Considers the residual value of the investment at the end of the study period

· Other measures of economic performance such as savings-to-investment ratio, internal rate of return and discounted payback are based on life-cycle cost analysis

Disadvantages
· Requires that the analyst collect data on replacement costs, operation and maintenance costs, and residual value

· More difficult for some people to understand

Life Cycle Cost = 
Initial Investment
+ PV(Replacement Costs)

-  PV(Residual Value)

+ PV(O&M Costs)

+ PV-(Energy Costs)
Life Cycle Cost Comparison Example: FDA at Irvine, CA

The following information includes highlights of a life-cycle cost comparison of mechanical equipment performed for a new laboratory designed by HDR Architecture for the Food and Drug Administration in Irvine, CA. The life-cycle cost evaluated central plant changes. The Air Handling Units for laboratory space and offices stayed constant. The labs utilized three constant volume terminal reheat units and the office utilized three variable air volume systems.

Mechanical Equipment Configurations

The following four configurations were modeled:

BASE
· 1 1500 KW electric chiller

· 1 1000 KW electric chiller with heat recovery for CVTRH coils

· 2 1000 KW gas boilers

OPTION 1

· 2 1500 KW electric chillers

· 2 1000 KW gas boilers

OPTION 2
· 1 1500 KW electric chiller

· 1 1500 KW gas absorption chiller

· 1 1000 KW gas boiler

OPTION 3

· 1 1500 KW electric chiller with heat recovery for CVTRH coils

· 1 1500 KW gas absorption chiller

· 1 1000 KW gas boiler

The graph on the following page, titled Annual Energy Use, Central Plant Options shows the annual energy usage for the four options. The blue bars (on the left of each pair of bars) indicate energy use in KWh for the base case and three options. The purple bars (on the right in each pair of bars) indicate gas consumption. The base model would consume more electricity than the other options, but less gas. 

The table following the graph indicates the associated annual energy costs. This table shows the large cost associated with electricity use.  Although gas represents 1/2 to 2/3 of the total KWh used, the associated cost of the gas is low.  Electric demand charges are the largest factor for all options.  The plot titled Monthly Energy Costs, Base Case, illustrates these charges on a monthly basis for the proposed, base case design.

Finally, the chart titled Life-Cycle Comparisons

Compares the following for each option:

· Initial Cost (PV)

· Annual Maintenance Cost

· Life Cycle Cost (PV

· Average Annual Energy Usage (Mbtu. Equiv.)

Summary of Results

Simulation of the four alternatives provided interesting results in terms of energy use and their associated cost.  The proposed design showed a slightly higher life cycle cost when compared to Option 3.  However, Option 3 is the most expensive and costly of the options.  With such close life-cycle costs, special attention should be paid to other factors pertaining to the appropriateness of each system.
Option 3 has a slightly better Life Cycle Cost than the proposed design due to the reduction in demand charges by over $20,000 per year. The two options are very close. In fact, the difference in life cycle cost is less than 1%. There is, however, significantly less initial cost and maintenance associated with the proposed design, which should be considered. The proposed design does consume less energy.
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FDA LABORATORY AT IRVINE

BASE OPTION 1 OPTION 2 OPTION 3

DEMAND 225,714 224,118 207,719 204,309
ENERGY 176,943 163,641 162,503 175,302
GAS 46,311 81,241 90,108 52,083]
TOTAL 448,968 469,000 460,327, 431,694

This table shows the large cost associated with electricity use. Although gas represents 1/2 to 2/3 the
total KWH used, the associated cost of the gas is low. Electric demand charges are the largest factor for
all options. The following plot illustrates these charges on a monthly basis for the proposed, base case
design.





Life-Cycle Comparisons


Project Alternative





Initial Cost (PV)





Life Cycle Cost (PV)





Avg. Annual Energy Usage (Mbtu. Equiv.)





Option 1





$250,000





$7,506,828





24,926





Option 2








$425,000








$7,527,863








25,978





Option 3








$437,000








$7,171,653








20,199





Annual Maintenance Cost





$4,000





$5,500





$5,750





Base Case (Proposed)





$262,000








$4,250





$7,203,490








18,728








� This manual is being developed as part of a ten-point plan to implement the Governor's sustainable building goal as outlined in Executive Order D-16-00 and the report Building Better Buildings: A Blueprint for Sustainable State Facilities (Blueprint). Task 7 of the Blueprint calls for developing sustainable building technical assistance and outreach tools, including a training program for state departments, as well as local government and private sector partners. This manual was developed by DGS, the Sustainable building task force, and CIWMB as one component of the sustainable building training program for state departments. This document will be undergoing constant revision as other deliverables outlined in the Blueprint are completed and technological and process breakthroughs advance the rapidly emerging field of sustainable design.
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