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Our Presenter

Ross J. Smith, PE, LEED AP, CDT

• Building Envelope Assessment/Repair 
Design

• Structural Engineer
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• Structural Engineer

Bob Gengelbach, PE, LEED AP

• Energy Assessments/Audits

• Mechanical Engineer

Mechanical Contributing Partner
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Outline

• Basic Understanding of Energy Audits – What are they ?

• Brief View of ASHRAE Energy Audit System

• Overview of Typical Conservation Measures

• Detailed View of Building Envelope Issues
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• Detailed View of Building Envelope Issues

• Indoor Air Quality

• Carbon Footprinting vs. Energy Audits – What’s the 
Difference?



THE BASICS



10/14/2010

What is an Energy Audit?

Generally, there are many terms being used

• Energy Audit

Energy audit: 2,990,000 results.
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• Energy Audit

• Energy Study

• Energy Analysis

• Energy Simulation
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Who is Performing Energy Audits?
(Or claiming that they can…)

Lots of professionals, non-professionals, etc.

• Utility Companies

• Engineering Companies

6

• Engineering Companies

• Energy Consulting Companies

• Temperature Controls Companies

• Mechanical Contractors, Electrical 
Contractors
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What’s Their Angle?

• Free Audits – Usually based on 
assumption that audit will lead to a 
project – results of audit may be 
skewed to secure project.
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skewed to secure project.

• Ulterior Motives – ie. Suppliers 
wanting to sell their products.

• Guaranteed Savings – Usually don’t 
have control over how building is 
operated, or what utility rates will be.
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What Components should YOU look 
for in an Energy Audit Scope?

Primary Elements

• Building Envelope

• Lighting
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• HVAC

• HVAC Controls

Other Site Specific Components

• Domestic Water

• Process Controls

• Other Energy Usage

Remain in Control – Focus on What is Most Important to You, Your 
Process, Your Building, Your Boss.
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Some of the more Reliable Programs:

• ASHRAE (American Society of Heating, Refrigerating and Air 
Conditioning Engineers)

• IES  (Illuminating Engineers Society) 

• ASHRAE/IES 90.1 Energy Standard for Commercial Buildings
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• USGBC (United States Green Building Consol)

• LEED rating system

• Department of Energy

• CBECS (Commercial Building Energy Consumption Survey)

• NBI (New Building Institute)

• Core Performance Guide

• Energy Star

• Building and Plant Rating System
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ASHRAE Energy Audit - Process

Process Objectives

• Collect and Analyze historical energy use

• Study the building and its operational 
characteristics

Scope

• Should account for all energy-using 
systems, including:

• Envelope
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• Identify potential modifications that will 
reduce the energy use and/or cost

• Perform an engineering and economic 
analysis of potential modifications

• Prepare a rank-ordered list of appropriate 
modifications

• Prepare a report to document the analysis 
process and results

• Lighting

• HVAC

• Domestic Hot water

• Process Loads

• Plug loads.
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ASHRAE Energy Audit - Process

Four Levels of Rigor 

• Preliminary Use Analysis

• Evaluate energy bills and uses

• Compile Energy Utilization Index (EUI) and compare to similar building benchmark

12

• Compile Energy Utilization Index (EUI) and compare to similar building benchmark

• Level I – Walk Through Analysis

• Add walkthrough to Preliminary Level

• Initiate identification of specific cost savings measures/methods

• Level II – Energy Survey and Engineering Analysis

• Additional detailed analysis, comparing design intent and levels with  operating 
processes and procedures

• Refine detailed financial comparison and analysis

• Level III – Detailed Analysis of Capital Intensive Modifications

• Refine estimates and analysis by developing computer model of building
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ASHRAE Energy Audit - Results

• Determine Energy Utilization Index (EUI) and compare to similar   
building benchmark

• VALUE – Know where you stand compared to everyone else

• Identification of specific cost savings measures/methods
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• VALUE – Know where to start, what it will cost, and what it will 
save

• Detailed analysis, comparing design intent and levels with actual 
operations

• VALUE – Know if your issue is with design, operations, or both.  
Plan better and smarter then next time/ or for next facility.

• Computer based  model 

• VALUE – Can refine model to match actual bills and manipulate 
model data to forecast actual savings; Allows for scenarios and 
iterations to align results of desired changes with actual budget to 
implement desired changes.



TYPICAL CONSERVATION MEASURES
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Typical Energy Conservation Measures

BUILDING ENVELOPE
•Window replacement
•Wall insulation
•Roof Insulation
•Reduced infiltration
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•Reduced infiltration

LIGHTING
•Reduced LPD (Lighting Power Density)

� Replacement fluorescent
� LED
� Task Lighting
� Reduced footcandles for over-lit spaces

•Lighting Controls
� Occupancy sensors
� Multi-level lighting

•Daylight responsive controls 
� Photocells to monitor light level
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Typical Energy Conservation Measures

HVAC
•HVAC Replacements

� Higher EER, SEER (cooling 
energy efficiency)
� Condensing boilers and furnaces 
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� Condensing boilers and furnaces 
can be 90%+ thermal efficiency

•Energy Recovery Ventilation
� Air to Air technologies
� Air to water technologies

•Newer HVAC Technologies Gaining 
Market Share

� Geothermal Heat Pump 
� Variable refrigerant flow
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Typical Energy Conservation Measures

HVAC CONTROLS
•Basic Energy savings control strategies.

� Night setback
� Air-side Economizer (dry bulb control)
� Hot water reset based on outside air
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� Hot water reset based on outside air
� Variable Speed Drives 
� Condensing boilers and furnaces for conventional boilers and furnaces

•Newer control strategies: quickly being adopted by ASHRAE STD 90.1
� Air-side Economizer (enthalpy)
� Demand Controlled Ventilation (CO2 monitoring)
� Chilled Water Reset
� VAV Static Pressure Reset
� VSP  Differential Pressure Reset Optimization
� Chilled Water Optimization
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Typical Energy Conservation Measures

DOMESTIC WATER
•VFD for Pressure Boosters
•Condensing Gas-Fired Water Heaters
•Low Flow Plumbing Fixtures
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PROCESS LOADS
•Energy Star

� Appliances
� Food Service Equipment 
� Computers and Electronics 

ALL ENERGY-USING SYTEMS
•Converting to different utility schedules
•Converting to different fuels

� Traditionally, gas BTUH/$ = 2 to 3 times electricity BTUH/$
� Conversion from district steam to self-generated and visa versa

•Cogeneration



BUILDING ENVELOPE
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Building Envelope – Roof Assessments

Energy Issue – Buildings can lose 20% or more of conditioned air energy 
through inadequately insulated or otherwise compromised roofs or walls.

Other Issues – Poor details, compromised insulation lead to water infiltration, 
deterioration of building materials, possible development of mold.
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deterioration of building materials, possible development of mold.

Roof Diagnostics Tools - Roof Surveys and Analysis

• Physical walkthrough, quantification of defects

• Infrared thermographic moisture survey to detect wet or otherwise 
compromised roof insulation.

• Nuclear moisture survey to confirm suspected wet roof insulation or used in 
lieu of conditions compatible with IR technology.
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Building Envelope – Roof Assessments
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Roof Diagnostics - Infrared Thermography .

• Detects differences in heat signature, which on roofs is typically indicative of 
moisture

• Conducted at night for best optimization.

• Detects leak areas, thermal short circuits, and other defects before they are 
manifested inside as a problem.
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Building Envelope – Roof Assessments

Roof Solutions .

• Repair defects, recover existing roof, 
replace existing roof.

• Updates can improve:
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• Energy efficiency (new and/or extra 
insulation).

• Reduced water infiltration 
(minimize leaks, mildew, mold)

• Potential for sustainable features –
reflective roof surface, recyclable 
materials, possible vegetated roof 
systems (structural implications)
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Building Envelope – Roof Assessments

Roof Solutions – Capital Improvement and Maintenance  Plan

• Large scale roof defect survey, ratings development, budget forecasting 
and repair/replacement prioritization.

• Non-destructive, repeatable system developed by the Army Corps of 
Engineers
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Engineers

• Excellent way to analyze and prioritize multiple buildings or large 
buildings with multiple roof types, areas, systems and vintages.
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Building Envelope – Roof Assessments

Roof Solutions .

• Large scale roof defect survey, ratings 
development, budget forecasting and 
repair/replacement prioritization.

• Non-destructive, repeatable system 
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• Non-destructive, repeatable system 
developed by the Army Corps of 
Engineers
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Building Envelope – Wall and Window Assessments

Energy Issue – Buildings can lose 20% or more of conditioned air energy 
through inadequately insulated or otherwise compromised roofs and walls

Other Issues
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• Air and water infiltration, deterioration of building materials: mold; 

• Heat gain from inadequate screens or reflectivity; Occupant complaints

Wall Diagnostics Tools - Surveys and Analysis

• Physical review, quantification of defects

• Infrared thermographic survey to detect areas of infiltration

• Calibrated nozzle and calibrated spray rack testing

• Smoke tests
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Building Envelope – Wall and Window Assessments

• AAMA 501.2 Calibrated 
nozzle water testing
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Building Envelope – Wall and Window Assessments

Wall Solutions .

• Add insulation, vapor barrier

• Upgrade flashing, reglaze window 
lites, replace sealants
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• Provide thermal films at areas of 
excessive heat gain

• Change building pressurization 
settings

• Updates can improve:

• Energy efficiency (new and/or extra insulation, or new glass and mullions).

• Reduced water infiltration (minimize leaks, mildew, mold)

• Potential for sustainable features – films can lower heating and cooling costs 
and improve occupant comfort both in terms of lighting and thermal



INDOOR AIR QUALITY
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Indoor Environmental Quality – Assessments

Energy Issue

• Thermal comfort and lighting preferences can dramatically impact energy 
usage.  Personal task lighting, space heaters, refrigerators.
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• Sound preferences – “White noise” system is often a full time HVAC fan

Other Issues

• Air quality – CO2, CO, Process contaminants – Occupant complaints, 
lawsuits, etc.

• Noise protection – Process noise, decibel levels, vibrations, etc.
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Indoor Environmental Quality – Assessments

Diagnostics Tools - Surveys and Analysis

• “Energy Treasure Hunt” – eliminate the easier targets

• Monitor air quality and occupant levels periodically 
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• Promote occupant comfort and health

• Establish a baseline for corporate protection against complaints
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Indoor Environmental Quality – Assessments

IEQ Solutions

• Better HVAC and lighting controls

• Consider electronic “white noise” or elimination of “white noise”
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• Implement periodic sound and air monitoring to track your levels for your 
own records; Proactive data collection for potential complaint resolution



CARBON FOOTPRINTING
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Carbon Footprint Calculation

What is a Carbon Footprint?

• Wikipedia: A carbon footprint is "the total set of 
greenhouse gases (GHG) emissions caused by an 
organization, event or product“ 
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organization, event or product“ 

• Conversion of all energy uses by a company and 
its employees into an equivalent production of 
carbon dioxide.

• Different levels of focus

• Large-scale production/emitters – GHG 
emissions and reporting – Separate topic

• Small scale and non-production components 
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Carbon Footprint Calculation vs. Energy Audit

Primary Differences

• Carbon Footprint calculations are typically less 
intensive; Don’t include  physical walkthrough.
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• Carbon Footprint calculations include 
occupant/employee behaviors beyond 
building/operationally controlled conditions.

• Commuting – Distance, method, frequency 

• Shipping

• Business travel

• Waste/Recycling Habits – Centralized 
recycling program?

• Purchasing – Paper products, furniture, 
cleaning products
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Carbon Footprint Calculation vs. Energy Audit

Which Should I Do? Which One First?

• Depends on your objectives

• Overall sustainable/green upgrade – Carbon 
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Footpring

• Focus on energy costs – Energy Audit

• Carbon Footprint Calculation

• Provide a broader view of where you are vs. 
your peers.

• Identify easy areas for improvement

• Identify areas requiring additional analysis –
i.e. an Energy Audit
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Confused, Excited, Motivated? We Can Help

NTH and SMDA can provide:

• Carbon Footprint Calculations

• Energy Audits
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• Roof Assessments

• Façade Assessments

• Indoor Air Quality and Hazardous Material Testing

• Air Permitting and Air Testing

• ISO Health and Safety audits

• Structural Engineering


