
Transforming Ordinary Buildings into High 

Performance Buildings Inexpensively !

‘Gearing Up for Energy Savings’



Presentation Outline
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• What is Driving High Performance Buildings?

• Challenges toward Optimizing Building / System Performance

• Identifying Opportunities for Improvement

• Sample Measures to be Employed and Typical Results

• Case Studies

• How To Start



Energy Needs, Codes, Standards  
→ High Performance Buildings 
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Statistics - Projected Growth in Energy Demand 

Energy Consumption Grows by

49% from 2007 to 2035

Consumption increases by 84% in 

Non-OECD (Organization for Economic 

Co-operation and Development) nations

By 2020, bulk of middle class is 

outside of USA and Europe

In the U.S., buildings account for 70% 

of electrical consumption, and 40% of 

all energy consumed 
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• Energy Independence and Security Act of 2007

• ASHRAE Standard for the Design of High Performance Green Buildings 

(189.1-2009)

• ASHRAE Energy Standards for Building (2010)

• California Green Building Standards Code (2008)

• North Carolina Code on Sustainability and Energy Efficiency

Building Labeling

• DOE / EPA Energy Star Certification

• European Union (EU) Directive 2002/91/EC  Energy Performance 

Certificate – since Jan. 2006, BER – Building Energy Rating

• ASHRAE Building Energy Quotient (EQ) Labeling Program

Energy Needs, Codes, Standards  
→ High Performance Buildings 



Challenges Toward Optimizing Building / 

System Performance
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• Limited staff – focus on „fire drills‟!!!

• Limited capital – priority given to „mission related‟ items 

• Limited data – limited information available (M&V, sub-metering, etc.) for analysis

(either due to limited system capability or limited interest in tracking same)

• Limited training and knowledge base – understanding impact of various 

operations and sequences!!!  

• Cultural Challenges 

- Generation of qualified facility managers – aging baby boomers

- Lack of qualified replacement O&M personnel

- Defined (or interpreted) job duties (lack of pro-active approach)



Identifying Opportunities for Improvement
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• Auditing vs. Retro-Commissioning – what is the difference? 

• Retro-Commissioning Process

• Assimilating and analyzing utility data

• Trend logging – through BAS or separate (temporary) dataloggers

• Use of independent (third party) energy engineer / RetroCx Agent

• Identifying Key Areas of Opportunity 

• Top Ten RetroCx Findings



Auditing vs. Retro-Commissioning
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RetroCx Process – systematically 

analyzes and fine tunes an 

existing building‟s systems, as 

well as O&M procedures

• Energy reduction, not sole goal 

• Improved comfort and IAQ 

• Extend life of equipment

• Improve effectiveness of O&M

• Provide additional Training, as 

required

Energy Audit – meant to inform 

building manager on how well 

a building is performing with 

respect to energy consumption

• Perform utility analyses

• Create energy use index (EUI) 

• Identify energy conservations 

measures (ECMs)

• Provide report with estimated 

costs, savings and payback



The Retro-Commissioning Process

Lawrence Berkeley Lab / PECI



Assimilating and Analyzing Utility Data
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Analysis:

• Calculate benchmark numbers, 

kWh / SF, MBtu/SF, $ / SF, etc.

• Look for trends and/or unusual 

consumption  

• Compare to national averages 

(Energy Star, etc.)

• Establish weighted unit costs for 

utilities



Trend Log Analysis
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• Review equipment status (On /Off) to see if 

it aligns with schedules

• Identify analog readings that are outside of 

anticipated range (improper setpoints, bad 

sensors?) 

• Review readings to see if they align with 

sequence of operation (temp. setback of 

decks, dampers closed during warm-up, 

coils inactive during economizer operation, 

etc.)  

• Identify suspicious trends to be examined 

further during functional performance 

testing  



Identifying Key Areas of Opportunity
(i.e. “low hanging fruit”)
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• Develop energy use index (EUI) – Where is energy being consumed?  

• „Operation‟ vs. „Performance‟ – What‟s the difference? 

• Oversized equipment / systems – Planning for future growth?

• Most new and upgraded EMS are not fully checked and verified

• Use of “canned” sequences of operation – are these appropriate for 

all occupancies and seasons?    

• Full time facility energy manager should be able to save several 

times his salary each year through energy/ utility cost avoidance



Top 10 Findings – Retro-Commissioning
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1. Schedule HVAC Systems

2. Adjust Outdoor (Ventilation) Air to Proper Demand

3. Mitigate Simultaneous Heating and Cooling

4. Reduce Flow from Oversized Pumps

5. Reset Supply Air Temperatures

6. Enable Economizer Controls

7. Reset Static Pressures/Optimize VFD Operation

8. Stage Chillers Properly

9. Lower Condenser Water Setpoints

10. Correct Lighting Control Operation

Source: SERVIDYNE and PECI



Sample Measures to be Employed 
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• Scheduling – nothing saves more energy than turning equipment „OFF‟ – do 

schedules correspond with current occupancy and usage?

• Setback (or set-up) space temperature setpoints during unoccupied periods.   

• Reset discharge air temperature setpoints depending upon zone needing most 

heating or cooling – avoid simultaneous heating and cooling

•Reset heating water and/or chilled water setpoints, depending upon outdoor 

ambient temperature and/or need for humidity control. 

• BAS programming does not match desired (actual) sequence of operation



Potential Problems – Air Handling Systems
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Design, Installation, Set-up/ TAB Problems

Improper programming sequence

Coils piped backwards

OA damper occupied / unoccupied set points

VAV damper actuator / calibration

Service access restricted

Space thermostat calibration

Sensors in wrong location

VFD / fan sheave sized for „max concurrent‟ operation

Controls, Operation, Maintenance Problems

Overridden BAS temp space set points

Increased VAV airflow set points

High duct static DP set point

Disabled duct static DP reset logic

Decreased cooling coil setpoint

Preheat and Cooling coil fighting 

Disable supply air temp reset logic

Actual OA damper position

Dirty filters



Other Considerations …
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• Building envelope – how much energy is being lost through the 

„shell‟?  (air barrier test and thermography survey)

• Has System Zoning been compromised – change in usage or 

occupancy?

• Ventilation Control – consider use of demand control ventilation 

(DCV), but ensure positive building pressurization

• Lighting controls – Use of scheduled lighting sweeps, occupancy 

sensors and daylighting controls

• Study equipment staging and sequencing of central plant equipment 

– chillers, pumps, boilers, etc. 



Potential Problems – Central Plants
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• Sequencing (Add / Subtract) Logic

• Incorrect Setpoints – Chilled and/or condenser water

• Poor water treatment – excessive fouling

• Chillers, pumps, tower fans in „manual‟ operation

• Controlling sensor calibration

• Isolation valves – chillers / towers



Ensuring Persistence of Savings

Employee Engagement / Social Marketing

• Solicitation of energy saving ideas from staff

• Pre- and Post-implementation surveys

• Identifies barriers to change 

• Monitors changes in behavior



Ensuring Persistence of Savings

Building Operator Training

• Engage Facility staff

• Explain roles and responsibilities related to energy use

• Not only M&O procedures, but also energy basics and „spotting 

energy saving opportunities‟

• Discuss progress during future training sessions

• Train Senior operators and managers to be „future trainers‟



Ensuring Persistence of Savings

• Good Documentation

Implemented measures, RetroCx findings, energy and demand savings 

estimates, and operations & maintenance procedures

• Performance Monitoring

Benchmarking, tracking monthly utility bills, using installed EMS, 

detected anomalies may be referred to the RetroCx provider

• Train Personnel to do Energy Auditing & Re-commissioning



M&V – “What gets measured, gets improved”

• Verify implemented modifications to 

systems perform as expected

• Compare energy consumption and costs 

against models and historical database 

benchmarks

• Needed to document compliance for various 

legislative requirements and for programs 

• Critical in evaluating ESCO performance 

contracts 



Case Study No. 1 – Medical Office Building

• Medical Center – 12 years old

• Nine ECMs identified – annual energy 

savings 829,220 kWh and a utility cost 

savings of $102,877  

• Corresponded to a 21.1% reduction in 

annual electrical energy usage and 

24.1% reduction in electrical utility costs

• Implementation cost $196,130 – simple 

payback 1.9 years



Case Study No. 2 – Campus AHU RetroCx

• University campus – 52 AHUs in 11 buildings

• Various physical deficiencies / numerous 

control issues identified – annual energy cost 

savings from correction and implementation 

of recommendations is $183,882.  

• Implementation cost $33,707.27 – simple 

payback 0.183 years

• Future work includes additional 9 AHUs.  



Market Potential for RetroCx

• Existing building commissioning industry has reached about $200 

million / year in the U.S. (still in its infancy)  

• If one establishes a goal to commission each building every five 

(5) years, the potential size is approximately $4 billion per year 

• To achieve the goal of keeping existing buildings in the U.S. 

commissioned, it will require an increase in the workforce from 

approx. 1,500 to 25,000 F.T.E. workers

• While a challenge, it appears realistic given number of workers in 

related trades     



Getting Started

• Evaluate internal resources and budgets

• Research available funding assistance – State, Utility 

incentives, and Performance Contracting (ESCO)

• Develop internal plan and set goals – Obtain “buy in” by all  

• Identify ECMs, Analyze & Select, Implement, Train / Hand-off

• Measure & Verify, then adjust as necessary

• Lessons Learned



Thank You !

Robert J. Knoedler, P.E., CEM, CxA

Vice President – Principal-in-Charge – Energy and Cx Services

Engineering | Architecture | Planning | Allied Services


