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Abbreviations/Acronyms
	AC/ACU

	Air conditioning/Air conditioning unit
	HW
	Hot water

	AH/AHU
	Air handler/Air handling unit
	HWS/HWR
	Hot water supply/Hot water return

	BAS
	Building automation system
	HX
	Heat exchanger

	BTU
	British thermal unit
	kBtu
	Thousand British thermal units

	CBECS
	Commercial building energy consumption survey
	kLb
	Thousand pounds

	CCF
	Hundred cubic feet (measure of natural gas usage)
	kW
	Thousand watts

	CDD
	Cooling degree days
	kWh
	Kilowatt hour

	CFM
	Cubic feet per minute
	MA/MAT
	Mixed air/Mixed air temperature

	CFR
	Current facility requirements
	MAU
	Makeup air unit

	CHW
	Chilled water
	MMBtu
	Million British thermal units

	CHWS/ CHWR
	Chilled water supply/Chilled water return
	MW
	Mega watt

	CO2
	Carbon dioxide
	MZ/MZU
	Multiple zone/Multiple zone units

	COV
	Change of value
	OA/OSA
	Outside air

	CT
	Cooling tower
	OAT
	Outside air temperature

	CV
	Constant volume
	PTAC
	Packaged terminal air conditioner

	CW
	Condenser water
	RA/RAT
	Return air/Return air temperature

	CWS/ CWR
	Condenser water supply/Condenser water return
	RCx
	Retro-commissioning

	DA/DAT
	Discharge air/Discharge air temperature
	RF
	Return fan

	DDC
	Direct digital control
	RH
	Relative humidity

	DHW
	Domestic hot water
	RTU
	Rooftop (packaged HVAC) unit

	DX
	Direct expansion
	SA/SAT
	Supply air/Supply air temperature

	EA/EAT
	Exhaust air/Exhaust air temperature
	SF
	Supply fan

	EF
	Exhaust fan
	SP
	Static pressure

	ERC
	Energy recovery coil(s)
	SPD
	Supply processing and distribution

	EUI
	Energy utilization index
	Sq. Ft.
	Square Foot

	F
	Fahrenheit
	TAB
	Test, adjust and balance

	FCU
	Fan coil unit
	Therms
	Energy equal to 100,000 British Thermal units (BTU)

	FY
	Fiscal year
	TU
	Terminal unit

	GPM
	Gallons per minute
	VAV
	Variable air volume

	HDD
	Heating degree days
	VFD
	Variable frequency drive

	HP
	Horsepower
	VHA
	Veterans Health Administration

	HVAC
	Heating, ventilating, and air-conditioning
	WC
	Water Column

	HV/HVU
	Heating ventilating unit
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U.S. Department of Veterans Affairs VISN 1 – February 5, 2013	i
Contract No. GS-23F-PE014
U.S. Department of Veterans Affairs VISN No.  
Contract No. GSXXX-XXXX
[bookmark: _Toc385874778]Executive Summary
The U.S. Department of Veterans Affairs (VA) sought professional retro-commissioning (RCx) services at Name of VA Medical Center for the purpose of establishing and altering Heating, Ventilation, Air Conditioning (HVAC) and related energy-using systems to proper operational capabilities. 
Retro-commissioning promotes operations and maintenance and HVAC system performance excellence, but requires the willing and open involvement of all stakeholders, including senior management, engineering, O&M personnel, contractors, vendors and facility users/occupants. Retro-commissioning is the first stage in the HVAC improvement process. Retro-commissioning comes first because it provides the understanding of how closely the HVAC system comes to operating as intended. It helps to identify improper equipment performance, equipment or system needs, and opportunities for saving energy and money, and actions to improve HVAC system performance. For buildings that have already been retro- commissioned, re-commissioning or ongoing commissioning should be conducted every several years.
Typical Benefits of Retro-commissioning includes:
1. Reduces the number of system deficiencies and inefficiencies and better focuses the FMS service and resources to meet the needs of end users.

2. Improves the HVAC system’s overall performance by optimizing energy-efficiency and system integration.

3. Helps drive down building operating expenses.

4. Identifies potential indoor environmental quality issues and helps reduce occupant complaints.

5. Ensures that HVAC systems operations meet VHA design requirements and expectations.

6. Provides benefits beyond energy savings. These benefits include extended equipment life, improved thermal comfort and indoor air quality, labor savings, and in the long term less demand on O&M staff.

7. Supports Operation and Maintenance staff training to more effectively and efficiently operate and maintain the equipment.

Senior management, managers, staff, and end users all stand to gain from the retro-commissioning process. It can lower building operating costs by reducing demand, energy consumption, and time spent by management or staff responding to complaints. It can also increase equipment life and improve end users satisfaction by increasing the comfort and safety of occupants.  
The findings associated with many of the VA’s VISN 1 healthcare facilities are common and typical. This is in part associated with the age of the facilities, the infrastructure development utilized over time, the design use versus current use of the buildings and the means and methods by which the FMS operation and maintenance is managed and measured against (i.e. metrics that measures how quickly a work order is closed out versus quality of the work completed). Based on this, processes should be reviewed, measures assessed, service contracts evaluated and staff trained and provided with the resources needed to accomplish all required tasks. It is important that management reports are not used to assign blame for poor maintenance and inefficient systems, but rather to motivate efficiency improvement through improved maintenance.
The RCx process used was a systematic and documented process that identified operational and maintenance improvements to bring the site up to the design intentions of its current usage. The main objectives of the RCx process were to:
· Prepare an RCx plan that describes the process for investigating and analyzing relevant building systems to verify that they are working according to the specification of the CFR. The following comment, highlighted in yellow was a clarification requested by the COR during the Scoping Meeting. The CFR will be created based on the requirements of the VA HVAC Handbook, March 2011. 
· Conduct the investigation and analysis; compile and review building construction information; conduct interviews of key staff members; utilize trend logs from building automation controls, portable data logging, and functional testing to evaluate the operational and performance capabilities of the HVAC systems.
· Identify and prioritize operational and maintenance enhancements in major building systems that could possibly result in improvements in infection control, energy efficiency, occupant comfort, and indoor air quality.
· Evaluate design adequacy of major building systems to ensure infection control is achieved in critical patient care areas.
· Evaluate system performance in relation to design specifications and record and characterize deviations: optimize control systems through calibrating of sensors, tuning of control settings, enhancing sequences of operation, improving sub-metering, examining trend logs and performing functional testing.
· Evaluate the Preventive Maintenance Program (PMP) and assess its effectiveness in maintaining operating systems. Identify potential improvements to correct deficiencies in the PMP and meet with facility staff to review recommendations.
· Establish or update a system to benchmark current energy consumption so that future energy needs can be realistically assessed and then documented.
· Identify options and cost estimates for energy savings throughout the healthcare facility including both low cost and capital improvement measures.
· Identify the Operations and Maintenance (O & M) personnel training needs to improve the skills/abilities to respond effectively to changing needs of the facility and/or occupants.




Benefits of the Retro-Commissioning Process

· Retro commissioning as an asset management activity. A perspective change from O&M as part of the “cost of doing business” to one seen as part of sound asset management. Retro-commissioning increases the ability of the O&M department to provide quality services to its clients. Their buy-in and contributions are critical to the successful findings and implementation processes of a retro-commissioning program.

· Retro-commissioning as a risk-reduction method. Reducing the risk of end user discomfort, early equipment failure, indoor air quality issues, and high utility bills also increases the asset value of the facility.

· Retro-commissioning as an internal benchmarking technique. The documentation and testing completed during the retro-commissioning process can be used to set internal benchmarks for building operating performance, including indoor air quality.

· Retro-commissioning as part of the energy management program. Retro-commissioning supports the efficient operation of the energy-using equipment in the building. This is a low-cost method for obtaining savings without capital outlay. The savings obtained may help pay for the cost of needed capital improvements.


Buildings and spaces included in the RCx process at Name of VAMC VA Medical Center are identified below:
[bookmark: _Toc351113710]Building List
	Building #
	Building Name
	Building Area

	1
	Clinical Support Bldg.
	

	2
	Boiler Plant
	

	3
	Out-Patient Psychiatric
	

	4
	Canteen/Chapel
	

	5
	Admin. Bldg./VBA
	

	6
	Hospital Bldg.
	

	7
	Engineering Service
	

	8
	Outpatient Clinics
	

	9
	Research/Education
	

	10
	Research Lab
	



[bookmark: _Toc385874779]Retro-Commissioning Project Processes
The project was completed in two phases: the Planning Phase and the Investigation Phase.  During the Planning Phase, Name of Consultant conducted a kick-off meeting, reviewed available building documentation, interviewed building managers, performed building walk-throughs, reviewed VA standards, and incorporated observations and information into an RCx Plan. The Investigation Phase compared the actual building conditions and system performance with the VA’s current operational needs and requirements and made adjustments and simple repairs. This report is the conclusion of the Investigation Phase and includes measures to improve building and system performance, reduce energy consumption and O&M costs, and improve the indoor environmental quality and air quality.  
During the RCx process, Name of Consultant submitted the following deliverables:
[bookmark: _Toc351113711]Deliverable Submittal Schedule
	Del. #
	Description
	Submittal Date

	1
	Retro-Commissioning (RCx) Plan
	

	2
	Scoping Meeting Minutes
	

	3
	Facility Information Documents
	

	4
	Equipment Inventory
	

	5
	Digital Photographs & IR Camera Scans
	

	6
	Building Occupant Interviews
	

	7
	Facility Performance Analysis and Benchmarking
	

	8
	Design Calculations
	

	9
	System Diagnostic Monitoring Plan
	

	10
	System Diagnostic Monitoring Report
	

	11
	System Test Procedures & Testing Plan
	

	12
	System Testing Report
	

	13
	Creation of TAB Report
	

	14
	Required Instrument Calibrations
	

	15
	Recommended Corrective Actions and Simple Repairs Report
	

	16
	Carbon Dioxide (CO2) Monitoring Report
	

	17
	Compressed Air Report
	

	18
	Certified Retro-Commissioning (RCx) Report
	

	19
	Out Briefing Addressing Investigation Findings
	

	20
	Off-Season Testing Addendum
	

	21
	Out Briefing Addressing Off-Season Testing
	



[bookmark: _Toc385874780]Procedural Standards
The objectives for this project were guided by the Statement of Work issued by the VA for VISN 1 and the unique conditions at Name of VAMC VA Medical Center. Name of Consultant delivered work elements in a manner that was consistent with Existing Building Commissioning Best Practices. These Best Practices, originally developed by the Building Commissioning Association (BCA), provide a disciplined criteria for performing commissioning activities in existing buildings that draws from RCx resources created by the California Commissioning Collaborative, the Handbook by the BCA, the National Environmental Balancing Bureau, the Associated Air Balance Council, and Guideline 0 produced by ASHRAE. 
By delivering the services of this project against the guidelines outlined under the BCA Best Practices approach, Name of Consultant provided a systematic process for investigating, analyzing and documenting the project in a manner that is generally consistent across the VISN 1 sites. 
[bookmark: _Toc385874781]Deviations from the Statement of Work
No substantial deviations from the original Statement of Work occurred during the project investigation phase.  
[bookmark: _Toc385874782]Recommended Corrective Actions 
The investigation phase activities identified issues with significant impact on the overall HVAC system operation, some of which have significant impacts on energy usage and some that are needed to improve HVAC system functions. The recommended corrective actions for these issues are presented in Section 10.0 of this report. The following list contains examples of key energy saving measures that could be identified:
· Systems serving areas that are only occupied during regular business hours operate 24/7;
· Systems that could reduce airflow during unoccupied hours that maintain constant airflow during all hours;
· Supply air temperature has no reset control or the reset strategy is not optimal;
· Static pressure sensors are located too close to supply fans and/or static pressure setpoint is not optimal;
· Economizers are not fully operational and/or are not controlled optimally for all conditions;
· Heating and/or cooling is not locked out when weather conditions justify, or lockout setpoints are too high or low;
· Steam, hot water, condensate return, and chilled water piping have damaged or missing insulation;
· Air volumes on some VAV systems are controlled by inlet vane dampers, and some air handlers with VFDs are still equipped with inlet vane dampers, causing unnecessary pressure drop;
· Zone control is not sequencing properly between heating and cooling; 
· Steam valves at some hot water converters don’t close completely, so lockout control is not effective and in some cases hot water exceeds setpoint;
· Heat recovery systems are not fully operational and/or are not controlled optimally;
· Heating hot water temperature is not reset, or reset strategy is not optimal;
· Chilled water temperature is not reset;

Presented in the following table are all the issues found with significant energy impacts.

U.S. Department of Veterans Affairs VISN No.	5
Contract No. GS-XXX-XXX
[bookmark: _Toc349037426][bookmark: _Toc351113712]Sample Summary of Recommended Corrective Actions for Issues with Energy Impacts
	#
	Issue Identified
	Recommended Corrective Action
	Electric Demand Savings (peak kW)
	Electric Energy Savings (kWh/yr.)
	Fuel Savings (MMBtus/ yr.)
	Annual Cost Savings ($/yr.)
	Estimated Implementation Cost($)
	ROI (%)
	Simple Payback (yrs.)

	1
	Describe identified issue
	Describe recommended action
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	

	TOTALS
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U.S. Department of Veterans Affairs VISN No.	 6
Contract No. GS-XXX-XXXX 
In addition to identifying energy saving corrective actions and simple repairs, other recommended corrective actions were identified based on findings and issues identified during the RCx investigation is listed below. 
· Dirty or poorly fitting AHU filters
· Calibrate or replace sensors
· Improve water treatment
· Improve control of humidifiers
· Repair/restore controls of terminal devices
· Deferred maintenance
· Restore proper control function
· Match BAS displays to actual conditions
[bookmark: _Toc385874783]Areas of Concern 
Areas of concern for Name of VAMC VA Medical Center identified during the investigation phase are presented in the Issues Log contained in Appendix. Section 10.0, Recommended Corrective Actions and Simple Repairs provides additional information.
[bookmark: _Toc385874784]Deferred System Testing 
There are no deferred system tests. A supplemental round of monitoring and testing was conducted from Month Day Year through Month Day Year to capture winter conditions.
[bookmark: _Toc385874785]Maintenance Practices
In general, the current maintenance of the HVAC systems across the campus is acceptable. HVAC systems were observed to be working properly with the exception of the issues noted in the Issues Log in Appendix and this report. While the maintenance of the HVAC systems generally is acceptable, there are operational and maintenance enhancements in major building systems that may result in improvements in infection control, energy efficiency and occupant comfort. These enhancements are captured in the Issues Log in Appendix. 


[bookmark: _Toc385874786]Retro-Commissioning (RCx) Plan
After reviewing the building campus information and gaining an understanding of the HVAC systems within the scope of work, energy use, and staff expectations, Name of Consultant developed the RCx Plan for the campus. The RCx Plan was based on the goals for the project, findings from the initial site visit and information gathered. The RCx Plan identified the project activities to occur during the Investigation Phases. 
Due to the size of the document, it is normally included in the Appendix.


[bookmark: _Toc385874787]Scoping Meeting
After the RCx Plan was submitted to the VA, a Scoping Meeting was arranged with the Site COR and Facilities Management to review the RCx Plan, obtain comments, discuss those comments, and agree to the finalized Plan.
Key items discussed in this meeting included:
· List of topics


[bookmark: _Toc329102377][bookmark: _Toc385874788]Facility Information Documents and Equipment Inventory
[bookmark: _Toc329857900][bookmark: _Toc330982725][bookmark: _Toc330984963][bookmark: _Toc330985184][bookmark: _Toc330985265][bookmark: _Toc330989418][bookmark: _Toc331069331][bookmark: _Toc332281078][bookmark: _Toc332281135][bookmark: _Toc332281191][bookmark: _Toc334539016][bookmark: _Toc334539078][bookmark: _Toc334539133][bookmark: _Toc334539200][bookmark: _Toc334539254][bookmark: _Toc334539307][bookmark: _Toc334539360][bookmark: _Toc334539414][bookmark: _Toc334539467][bookmark: _Toc334539520][bookmark: _Toc334539572][bookmark: _Toc334539623][bookmark: _Toc334539675][bookmark: _Toc334539726][bookmark: _Toc334539778][bookmark: _Toc334598529][bookmark: _Toc335407553][bookmark: _Toc335407622][bookmark: _Toc335407673][bookmark: _Toc335728561][bookmark: _Toc335730742][bookmark: _Toc336276516][bookmark: _Toc336359426][bookmark: _Toc336359495][bookmark: _Toc336363124][bookmark: _Toc336501015][bookmark: _Toc336501063][bookmark: _Toc336501132][bookmark: _Toc336501183][bookmark: _Toc339898063][bookmark: _Toc340061234][bookmark: _Toc343601945][bookmark: _Toc344371456][bookmark: _Toc344377828]Name of Consultant conducted a thorough site survey and completed the following activities:
· Reviewed relevant design drawings, Building Automation System (BAS) information and equipment data and walked facilities to evaluate whether current conditions such as occupancy and space utilization have changed from the original design. 
· Identified systems to be monitored and tested including logistical issues affecting access to equipment. 
· Obtained relevant BAS equipment information and identified current sequences of operation.
· Reviewed control components of existing equipment.
· Assessed current controls for systems not on a BAS.
To further expand on the facility information documents gathered for the site, an equipment inventory was prepared; a drawing inventory was prepared; sequences of operation and schematics were reviewed and compiled; and zoning plans were compiled or created. Digital photographs and infrared camera scans were also collected and linked to the equipment inventory. 
[bookmark: _Toc385874789]Equipment Inventory
A mechanical equipment inventory was compiled for ongoing use by the campus. The equipment inventory workbook lists key information available from nameplates and drawings for major HVAC equipment, including the following:
· Location, such as building, floor, wing, room number and description, room type and area reference (where room number is not available);
· Area served;
· Manufacturer and model number;
· Serial number;
· Energy input ratings (volts, amps, phases, kW, and/or Btu/hour);
· Output capacity ratings, where available (HP, cooling tons, heating MBH, CFM/static pressure, GPM/head, etc.);
· Coil ratings (where present and available);
· Rated efficiency;
· Date of manufacture and/or installation.
The following table summarizes the major equipment that has been included in the Equipment Inventory.

[bookmark: _Toc351113713]Summary of Equipment Inventory
	Bldg. No.
	Description of Equipment

	1
	List of Major Equipment in this Building

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	



[bookmark: _Toc385874790]AHU Zone Plans
General AHU zoning maps were collected and compiled from existing sources. The accuracy of these drawings depended on the accuracy of the source documents; they were also presented before being field-verified. Updated zoning plans for the spaces included in the RCx project can be found in Appendix.
[bookmark: _Toc385874791]Drawing Inventory
A drawing log has been prepared, by building, in spreadsheet form documenting the drawings available by year, area affected, brief notes on contents (such as title), drawing source (electronic, hard copy), etc. Digital drawings were organized by building and type and select drawings relevant to the HVAC systems were scanned to create digital copies. A summary of the drawing log is presented below. The complete drawing log can be found in Appendix. 

[bookmark: _Toc318449255][bookmark: _Toc351113714]Drawing and Document Inventory Summary
	Bldg. No.
	Documentation Available
	Description

	1
	Yes or No
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	



[bookmark: _Toc385874792]Sequences of Operation/Schematics 
Control sequences of operation, points lists, and schematics for major mechanical equipment were compiled and reviewed. Sequences of operation available in documentation and on the BAS were reviewed and compiled in one document. Hydronic central plant schematics, AHU schematics for typical AHUs showing flow paths and screen shots from the BAS were used in some cases for these schematics. See Appendix.
[bookmark: _Toc385874793]Digital Photographs and Infrared Camera Scans
The equipment inventory included relevant digital photographs and infrared (IR) camera scans.  Name of Consultant collected the inventory information and carried out other data-gathering tasks.  Photographs and IR scans were used to identify and illustrate observed issues and were linked to the equipment inventory in Appendix.
The digital photographs and IR camera scans were used to assist Name of Consultant during their system testing work and can be used by the facility management staff to assist with maintenance activities. 

[bookmark: _Toc385874794]Building Occupant Interviews
Interviews with facility operators and VAMC staff are important to understand the needs and issues related to system operation and maintenance, known design and space deficiencies, equipment deficiencies, facility operator training and occupant education needs, indoor air and environmental quality, occupant comfort/satisfaction, and potential energy reduction measures. The intent of the interviews was to help uncover potential improvement opportunities, and confirm the CFR. 
The Site COR determined which staff members should be interviewed for the campus. The actual interviews were conducted in person from Month Day, Year through Month Day, Year.  Each interview included the same set of questions for facility operators and a different set of questions for VAMC staff. The completed Building Occupant Interview report, including the interview forms, can be found in Appendix. 
The following table lists the titles of facility operators and VAMC staff members who were interviewed.
[bookmark: _Toc351113715]Summary of Interviews
	Title/Role
	Department/Building

	Assistant Chief of Facilities Management Service
	

	Maintenance Repair Supervisor
	

	HVAC Mechanics
	

	Maintenance Scheduler
	

	General Engineer
	

	Chief Information Officer
	

	Boiler Operator
	

	Administrative Officer, Research
	

	Industrial Hygienist
	

	Administrative Officer, Primary Care
	



Findings from the interviews can be summarized into key identified issues and potential improvement opportunities. Interviews were also used as a tool to fine tune the focus of the monitoring and testing activities. The following summarizes sample key issues and opportunities identified:
· List of Issues 


[bookmark: _Toc385874795]Facility Performance Analysis and Benchmark
The facility energy consumption was summarized for the past number of years based on the utility information provided by the VA facilities. Energy utility rate structure information and utility data are presented in Appendix. No meter data was available at the building level so the energy use was evaluated at the campus level.  
Maintenance work order data and comfort complaint information were also reviewed. Analysis of HVAC work orders and comfort complaints is included in the Non-Energy Baselines section of Appendix.
The following sections present the total energy use and cost data, the energy use baseline and benchmarking data and a summary of non-energy baselines where available. Please see the Facility Performance Analysis and Benchmarking report in Appendix for additional details.
[bookmark: _Toc316291814][bookmark: _Toc320713082][bookmark: _Toc385874796]Total Energy Use and Costs
The table below summarizes the rates for all utilities used on site and is based on Fiscal Year utility bills received or the utility company rate structures. These rates were used for all energy calculations in the project. 
[bookmark: _Toc351113716]Utility Rates
	Electric Provider/Delivery: Name of Provider

	Rate Period
	Energy Rate ($/kWh)
	Demand Rate ($/kW)

	Peak
	
	

	Off-Peak
	
	

	Fuel Oil of Natural Gas Provider/Delivery: Name of Provider

	
	($/Gallon or $ per Therm)

	Fuel Oil Rate
	



Complete cost data was available for every month over the five year period. The overall energy cost for the VA campus for Fiscal Year was $x,xxx,xxx, which includes the costs of electricity and fuel oil or Natural Gas.
Figure 1 displays a sample monthly electric and fuel oil consumption at the campus for two fiscal years in  kBtus. The graphs illustrate relatively consistent patterns of electric and fuel oil consumption across all five years. Figure 2 segregates the annual electric and fuel oil consumptions from fiscal year X to fiscal year Y in MMBtus. The graph illustrates that fuel oil consumption was on the decline from fiscal year X to fiscal year Y. Total energy consumption follows this same trend and increased by X% from the same period.

[bookmark: _Toc348609214]Combined Monthly Energy Consumption

[bookmark: _GoBack]
[bookmark: _Toc348609215]Annual Energy Consumption (MMBtu)

[bookmark: _Toc385874797][bookmark: _Toc320713083]Energy Use Baseline and Benchmarking
An Energy Utilization Index (EUI) for the campus was developed on the basis of square feet of building space in order to facilitate comparison from year to year. All energy end use was converted to Btus (British thermal units; 1 Btu = 1.055 kilojoule) and divided by conditioned square footage. Since utility data was only available on a campus level and not all the buildings were included in the RCx project scope, it was assumed that all the buildings were conditioned; that enabled comparison to the national EUI database.
[bookmark: _Toc351113717]Calculated Energy Utilization Index (EUI) and Normalized EUI
	
	FY1
	FY2
	FY3
	FY4
	FY5

	Energy Use (MMBtu/Yr.)
	
	
	
	
	

	Conditioned Floor Area (Sq. Ft.)
	
	
	
	
	

	EUI (kBtu/Sq. Ft. /Yr.)
	
	
	
	
	

	Total HDD Base X
	
	
	
	
	

	Total CDD Base X
	
	
	
	
	

	Total Degree Days
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(Btu/Sq. Ft./Yr./degree day)
	
	
	
	
	


To account for weather variations from year to year, heating and cooling degree days were obtained from weather data published by NOAA and a Normalized EUI was calculated. The EUI shows a 5.9% increase in energy use per square foot from fiscal years X to fiscal year Y which appears to be due to weather factors since the normalized EUI indicates usage went down slightly. Total annual energy use per square foot has decreased 8.5% overall during the five year period. 
The overall campus EUI was compared to energy intensities of other similar facilities reported in the national Commercial Buildings Energy Consumption Survey (CBECS) database. Since CBECS is based on individual building types and utility data is only available for this site at the campus level, two different nationally derived CBECS EUIs are presented in the following figure for comparison.  
The campus as a whole has a slightly higher EUI than the average building in both CBECS comparison categories. This indicates a higher overall energy use for the campus. A more detailed comparison at the building level could be performed in the future after metering has been completed at the building level and a year of energy data has been gathered.
In addition to comparing this campus to healthcare facilities in CBECS, the EUIs of all VA campuses in the VISN that were included in the project were compared. The tables and charts below provide this comparison. While comparing the EUIs of multiple VA facilities gives a general impression of energy use intensity, this simple comparison alone cannot be used for evaluating whether a facility is performing well or poorly. The sites have varying functions with different energy needs; for example, one site might have more food or laundry services which are high energy intensity versus another site that might have significant storage or vacant space.  Nevertheless, such a comparison can identify campuses that may have the best potential for energy utilization improvements and implementation of energy conservation measures.
[bookmark: _Toc351113718]
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[bookmark: _Toc348609217]VISN  Campus EUIs




[bookmark: _Toc385874798]System Diagnostic Monitoring Plan and Monitoring Results
The Systems Diagnostic Monitoring Plan organized the activities that took place during the diagnostic monitoring portion of the RCx project. This included addressing the systems to be monitored, the parameters to be monitored, the duration and frequency of data collection, the devices to be used for monitoring, and locations of portable data logging devices to be installed. Diagnostic monitoring provides quantifiable measurements of system performance over time, providing the means to confirm and quantify already known issues and to uncover additional issues in regards to system performance and control functionality. The objectives of diagnostic monitoring include the following:
· Confirm apparent operating issues from empirical field observations
· Identify operating hours and cycling patterns of equipment
· Identify operating temperatures, pressures, humidity, speeds, and flow rates where available
· Evaluate correlations between system operating variables and other parameters (e.g. ambient temperature, occupancy) for the purpose of establishing long-term patterns
· Determine and confirm as-built control sequences of operation
· Identify when changes in load occur and how systems respond to those changes
· Identify systems that do not respond to control setpoints or cannot maintain setpoints
· Identify control loops that are hunting 
· Find incidents of simultaneous heating and cooling, inappropriate economizer operation, excessive variable frequency drive (VFD) speeds, and other operating parameters that indicate non-optimal operating conditions
· Identify sensors whose values do not correspond to operating conditions, indicating a need for calibration or replacement
· Identify extreme excursions in system parameters that may indicate operational problems

The following types of monitoring were employed:
· Building Automation System Trend Logs: Trend logs set up in the BAS are data logs recorded at pre-programmed intervals for the duration of the trending period (typically a minimum of two weeks). BAS trend logs include the point name, the location of the sample point, a description of the point, the minimum trend duration (days) and the maximum trend interval (minutes).
· Portable Data Loggers: Portable data loggers are capable of storing large quantities of data and exporting that data electronically for use in analysis software. They can be configured for a variety of variables and are small enough to be placed in most locations without interruption to service or affecting other activities in the same location. 
[bookmark: _Toc334539034][bookmark: _Toc334539096][bookmark: _Toc334539150][bookmark: _Toc334539217][bookmark: _Toc334539271][bookmark: _Toc334539324][bookmark: _Toc334539376][bookmark: _Toc334539430][bookmark: _Toc334539483][bookmark: _Toc334539536][bookmark: _Toc334539588][bookmark: _Toc334539639][bookmark: _Toc334539691][bookmark: _Toc334539742][bookmark: _Toc334539794][bookmark: _Toc334598544]If the facility has limited trending capability through its BAS, the diagnostic monitoring is more dependent on portable data logging. The points included in the diagnostic monitoring can be found in Appendix I.
The Systems Diagnostic Monitoring Report presents findings and issues identified from data trended from the controls system and data collected through portable data loggers. The data gathered through diagnostic monitoring was prepared in graphical format and analyzed for potential issues and improvement opportunities. Analysis was performed to assess operation with respect to the understood Sequence of Control, which was presented in the Facility Information Documents, and control strategies for energy efficient operation. 
Sample findings from the diagnostic monitoring include:
· Airside System Control Setpoint Adjustments: Many airside systems have opportunities for control setpoint adjustments. Implementing optimized control setpoint strategies, restoring reset strategies, lowering control setpoints, and tuning control loops can reduce energy consumption and improve space comfort. Opportunities to adjust control setpoints exist for the following control sequence components:
· Equipment scheduling
· SAT reset strategies
· Hot water Lockout
· Hot water reset strategies
· Excess outside air
· Heat recovery system control
· Duct static pressure control
· Control loop tuning

[bookmark: _Toc351113719]Sample Airside System Control Setpoint Adjustment Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	Attic mechanical room
	AC-1A
	Describe Issue

	1
	Attic mechanical room
	AC-1A
	



· Airside Control Valve and Actuator Maintenance Service: Trend data indicated opportunities for repairing or adjusting control valves, dampers, and actuators serving airside systems. Performing control valve, damper, and actuator maintenance improves control of air temperatures and space comfort and reduces energy use. It is recommended that valve and actuator maintenance be performed to restore full control.

[bookmark: _Toc351113720]SampleAirside Control Valve and Actuator Maintenance Service Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	4th Floor N roof
	EF-15
	Describe Issues

	1
	4th Floor N roof
	EF-21
	

	1
	Computer Room
	IRM CRAC units
	



Additional Airside Issues: Sometimes monitoring data reveals conditions where the configuration of the system or the controls themselves limits the efficiency and/or effectiveness of operation. When this is the case, sometimes the system cannot adapt to changes in conditions, missing opportunities for more efficient operation or improved comfort or performance.

[bookmark: _Toc351113721]Additional SampleAirside Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	3rdnd Floor S roof
	Kitchen Exhaust Fans, Makeup Air Unit
	Describe Issues

	2
	3rd Floor S roof
	Makeup Air Unit -1
	

	3
	Penthouse
	AC2
	

	4
	North Penthouse
	Penthouse Air Conditioning Unit AHU
	

	5
	West Equipment catwalk
	EF
	

	6
	Roof
	Fume Hoods, EFs
	




· Cooling System Control Setpoint Adjustments: Trends are only available for some of the air-cooled chillers. Trends indicate that some chillers and condensers operate at outside air temperatures below 50°F, when airside economizer cooling could be implemented. Trends show that some chillers and condensers cycle excessively and appear to operate without scheduling. It is recommended to implement an operating schedule. It is further recommended to allow evaporator supply air reset, which would reduce condenser cycling. This would result in improved chiller operation and efficiency.

[bookmark: _Toc351113722]Sample Cooling System Control Setpoint Adjustment Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	Chiller Room
	CH-1
	Describe Issues

	2
	N Exterior
	CT-1
	

	3
	East exterior
	AH-4
	

	4
	Penthouse
	CH-1,2
	



· Cooling System Control Valve and Actuator Maintenance: Issues for cooling systems that relate to valve or actuator maintenance are limited primarily to variable flow pumping systems that don’t have any significant turndown in flow rate. This generally indicates that most coils are equipped with 3-way valves with flow bypass. To the extent feasible, bypass legs should be closed off (if shutoff valves are in place) or the valves should be converted to 2-way operation so that flow can vary. With variable primary CHW systems, some bypass lines need to remain open to maintain minimum flow through the chiller, but this typically comprises only about one-half of total flow.
[bookmark: _Toc351113723]SampleCooling System Valve and Actuator Maintenance Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	Mechanical rooms
	Various
	Describe Issues

	2
	Mechanical rooms
	Various
	

	3
	Penthouse
	AC1, AC2
	



· Heating System Control Setpoint Adjustments: Some of the HW converters trended show no indication of outside air temperature lockout controls, and some do not have any temperature reset function. Some of the hot water systems have variable speed pumping systems, but in some cases the pump speed is always 100%. Figure 10, on the following page, shows an example of a hot water system that stages pumps in response to load but has no lockout control, even with ambient temperatures as high as 90°F.
[bookmark: _Toc351113724]Sample Heating System Control Setpoint Adjustment Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	Basement Room 
	C-2
	Describe Issues

	2
	Basement Room 
	C-2
	

	3
	Basement Room B03
	C-1
	

	4
	Basement Room 
	C-1
	

	5
	Basement Mechanical Room
	HX-3
	



· Terminal Box Control Setpoint Adjustment: Trend data indicates a number of terminal devices with temperature controls that appear to be hunting or depend on local controls only that are subject to unauthorized setpoint changes.
[bookmark: _Toc351113725]SampleTerminal Box Control Setpoint Adjustment Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	OR-1 above ceiling
	CAV
	Describe Issues

	2
	Above ceiling
	RH-1
	

	3
	1st Floor
	Room 110 VAV
	

	4
	1st Floor
	Room 110G VAV
	


· Terminal Box Control Valve and Actuator Maintenance Service: There were a number of terminal units that were not able to satisfy the zone setpoint. There are also some vestibule heaters that have only local controls which are not consistently set at temperatures appropriate for a heated vestibule.
[bookmark: _Toc351113726]SampleTerminal Box Valve and Actuator Maintenance Service Issues
	Bldg.
	Equip. Location
	Equip. Tag
	Issue

	1
	Lab Area Room 
	TWU1
	Describe Issue

	1
	Lab Area Room 102
	TWU2
	

	2
	Lab Area Room 110
	TWU4
	

	3
	Lab Area Room 109
	TWU5
	




[bookmark: _Toc331069344][bookmark: _Toc385874799]Systems Test Procedures, Testing Plan and Testing Results
The objectives of the system testing included the following:
· Identify sensors whose values do not correspond to operating conditions, indicating a need for calibration or replacement;
· Assess equipment condition to identify deferred maintenance issues;
· Verify the current operating conditions and the operating sequence of control to assess system performance;
· Identify system components that do not correspond to commands and are in need of repair or replacement;
· Identify systems that do not respond to control setpoints or cannot maintain setpoints;
· Identify operating setpoints for temperatures, pressures, humidity, speeds, and flow rates where available;
· Identify potential energy savings measures such as incidents of simultaneous heating and cooling, inadequate or faulty economizer operation, excessive VFD speeds, and other operating parameters that indicate non-optimal operating conditions.

[bookmark: _Toc385874800]System Testing Plan 
The objectives of the system testing were accomplished in accordance with the System Test Procedures and Testing Plan. The plan also can be used as a model for future testing work conducted at the campus. It includes the following sample key features:
· System testing objectives
· Roles and responsibilities for all parties involved in the testing
· Listing of systems included in the testing plan and which systems will be tested using a sampling methodology
· Applicable system test procedures and sensor calibration plans
· Blank copy of the issues log which is used to document issues identified during testing
· Testing schedule
System test procedures were developed based on documented and ideal sequences of operation, manufacturer data and O&M instructions, and established testing procedures from the commissioning industry. The system test procedures include controls point-to-point testing; controls functional testing, sensor calibration checks, TAB measurements and balancing, and system condition assessments. Section X in the System Test Procedures and Testing Plan describes the components of the system test procedures.
Sample testing forms for controls point-to-point testing, controls functional testing, and sensor calibration checks are included in the testing plan in Appendix; the sample forms also can be used for future testing work conducted on the campus.
[bookmark: _Toc385874801]System Testing Report Summary 
The Systems Testing Report documents the test results and the issues identified during the testing process. The Issues Log is presented in Appendix. Issues identified during testing were presented to the COR for approval to perform the simple repairs and for future implementation of long-term repairs. 
Following are the most common issues addressed as simple repairs. 
· Sensors Out of Calibration: Multiple temperatures, pressure, humidity and enthalpy sensors were out of calibration. These sensor repairs were identified as simple repairs, based on the assumption that calibration errors can be corrected with an offset in the BAS. If sensors require repairs or replacement, then correcting calibration may not qualify as a simple repair.
· Control System Integration and Optimization: There were some instances where the AHU control devices were not reflected in the BAS Operator Workstation displays or components were displayed that did not exist. This creates a situation where the apparent control and actual control do not match. In addition, some of the campus HVAC equipment, especially zone controls in Buildings 28 and 31 are still controlled with pneumatic devices. This limits the amount of information regarding system operation that can be monitored remotely. Control system optimization findings present opportunities to “tune up” the controls, taking advantage of the sophisticated control capabilities of a DDC system, allowing BAS controls to optimize AHU performance and save on energy costs. Examples include running AHUs only during occupied periods, utilizing AHU economizer mode for cooling when outdoor conditions allow, and reset of supply air temperature to match loads.
The most common issues that were identified to be addressed as long term repairs were presented in the following categories. 
· Control System Integration and Optimization: Many systems operate inefficiently, or do not take advantage of the sophisticated control capabilities of DDC. Most of the AHU control system integration and optimization issues identified were determined to be long term rather than short term repairs, particularly those that would require modification to control programs and/or addition of hardware points or other control components. These are the most common issues encountered.
· AHUs Needing Actuator, Linkage, and Damper Service: During functional testing, dampers of several AHUs did not respond to adjustments made through the control system or did not operate across their full range. Further diagnosis revealed the causes to be related to the condition of the actuator, linkage, and damper assemblies. In addition, several air handlers have both VFDs and inlet vane dampers (IVDs) for volume control. IVDs add to air pressure losses on the system when not in use. All of these repairs were determined to be long term repairs.
· Steam and Hydronic Systems Needing Service: During system testing, valves of several AHUs and heating systems did not respond to adjustments made through the control system. Further diagnosis revealed the causes most often to be related to the condition of the actuator, linkage, or valve assemblies. There were also issues with lack of control response and water treatment. All of these repairs were determined to be long term repairs.
[bookmark: _Toc385874802]System Testing Deviations 
The testing approach and the equipment to be tested were described in the System Test Procedures and Testing Plan. There were no substantial deviations from the plan. 
[bookmark: _Toc385874803]Instrument Calibration
Documentation was provided to demonstrate that instruments used during the project were calibrated based on manufacturer’s recommendations. 


[bookmark: _Toc385874804][bookmark: _Ref334540399][bookmark: _Ref334540409][bookmark: _Ref334540833]Recommended Corrective Actions and Simple Repairs 
The scope of this project included performing simple repairs that could be completed in less than 15 minutes. The Name of Consultant team identified simple repairs and setpoint adjustments in the course of the investigation and made repairs wherever authorized by the COR. The objective of the simple repairs is to improve the operation of the facility and to eliminate minor issues so they do not mask underlying major issues. Simple repairs include minor maintenance tasks, system adjustments, setpoint adjustments, and sensor calibration not addressed elsewhere. Energy savings were not estimated for these repairs since the issues were resolved quickly and generally improve system maintenance. Some repairs will save energy while other repairs provide improvements with limited or no energy savings. 
[bookmark: _Toc334176492]The following is a list of repairs completed during the investigation phase. A complete listing of the repairs is in Appendix.
[bookmark: _Toc351113727]List of Simple Repairs Completed
	Bldg.
	Equip. Tag
	Issue Description
	Recommended Corrective Action
	Date Repair Completed

	1
	AC-3A
	Describe Issues
	Describe Recommended Corrective Action
	

	2
	UH-4
	
	
	

	3
	AC-2
	
	
	

	4
	Electrical Room AC
	
	
	

	5
	P-11,12
	
	
	


In addition to identifying quick fix repairs, other recommended corrective actions were identified based on findings and issues identified during the RCx investigation. Corrective actions were categorized as follows:  corrective actions with significant energy impacts, corrective actions with minimal or unquantifiable energy impacts, preventive maintenance program enhancements, and O&M personnel training opportunities. The recommended corrective actions are presented in detail in the Recommended Corrective Actions and Simple Repairs Report included as Appendix.
O&M enhancements included opportunities to improve infection control, occupant comfort, preventative maintenance, and O&M personnel training. The following O&M enhancements were recommended: 
1. It is recommended that an easy-to-use automated preventive maintenance program be implemented to cover all of the major HVAC systems on campus. The program should be able to meet the following requirements:
· Information should be accessible from a user-friendly platform that does not require significant operator training.
· The system should include the preventive maintenance procedures for all major HVAC systems.
· Work orders should automatically be generated based on the preventive maintenance schedules entered in the program for the major HVAC systems.
· Specific preventive maintenance procedures should be able to be entered for different systems and be able to be edited in the event additional steps are required in the future.
· Findings or comments should be able to be captured during the preventive maintenance process.
· A repair history log should be available to document the work that has been performed on a system. This data can be used to develop the true maintenance cost of HVAC systems.
The benefits of this recommended corrective action include improved maintenance, improved understanding of true maintenance costs, and O&M training identification.  This recommendation would be implemented by an automated preventive maintenance program specialist with input from the VA site team. The VA site team would be responsible for communicating the minimum requirements of the system in addition to what is listed above. 
2. Include an operators log on each system display of the BAS, where building operators can record in reverse chronological order any changes made to system setpoints, points put into or taken out of manual override, shutdowns made for maintenance purposes, and equipment or component changes that might impact performance.

3. Create tabular displays in the BAS that summarize key maintenance-related information about controlled systems, such as key control variables and related setpoints, recent minimum and maximum values, comparative runtimes and number of starts (e.g. average hours/day and hours/start for current week or month compared to previous week or month). Summary tables can be created to contain a variety of information to address multiple control and operational issues. When incorporating input from operations personnel, it has been demonstrated to improve the usefulness of the BAS monitoring functions and improve overall maintenance performance.

4. Include procedures for inspection and correction of problems for components specifically related to energy efficiency of systems in the PM program. Such PM procedures may include: 
· Verifying proper functioning and control response of dampers and valves, including adjusting and tightening of linkages and actuator mountings and lubrication of dampers
· Calibrating key sensors, such as chilled water supply, condenser water supply, outside air, hot water supply, and supply air temperature sensors, static and differential pressure sensors, and outside air and critical area humidity sensors
· Clearing overrides and notifying control programmer/contractor of any needed permanent program changes to address issues that prompted overrides
· Set up and review trend logs to identify anomalies and verify proper sequence of operations
5. Provide HVAC O&M Training—While the overall system maintenance on the campus is satisfactory, the O&M personnel can benefit from additional training on systems throughout the campus. This proposed action involves providing training on O&M preventative maintenance procedures and understanding how operating and maintenance procedures can significantly impact the overall campus energy use and system maintenance. This recommendation could be implemented by an RCx professional with input from the VA site team.
[bookmark: _Toc339896223]Issues with significant energy impacts are summarized in the following table.
[bookmark: _Toc351113728]Summary of Recommended Corrective Actions for Issues with Energy Impacts
	[bookmark: _Toc349289994][bookmark: _Toc351113729]#
	Issue Identified
	Recommended Corrective Action
	Electric Demand Savings (peak kW)
	Electric Energy Savings (kWh/yr.)
	Fuel Savings (MMBtus/ yr.)
	Annual Cost Savings ($/yr.)
	Estimated Implementation Cost($)
	ROI (%)
	Simple Payback (yrs.)

	1
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	TOTALS
	
	
	
	
	
	
	



Deliverable 18: Certified Retro-Commissioning (RCx) Report – Name of VAMC VA Medical Center	

U.S. Department of Veterans Affairs VISN No.	 17
Contract No. GS-XXX-XXXX
1.1 [bookmark: _Toc348616098][bookmark: _Toc340734771][bookmark: _Toc385874805] DESCRIPTION OF RECOMMENDED CORRECTIVE ACTIONS WITH SIGNIFICANT ENERGY IMPACTS
[bookmark: _Toc348616099]The following corrective actions with significant energy impacts were presented.
1. [bookmark: _Toc385874806]Supply Air Reset Control for AHUs Serving Multiple Zones 
This corrective action is recommended for the following buildings and systems:
· List Building and System

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure to be applied to all the air handlers listed are summarized below.
[bookmark: _Toc351113730]Sample Estimated Energy & Cost Savings for Supply Air Reset Control for AHUs Serving Multiple Zones 
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	



1.1.1 [bookmark: _Toc340734775][bookmark: _Toc348616100][bookmark: _Toc385874807][bookmark: _Toc340734772]Repair Damaged Economizers and Optimize Control
This corrective action is recommended for the following buildings and systems:
· List Building and System

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113731]Sample Estimated Energy & Cost Savings to Repair Damaged Economizers and Optimize Control
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	



1.1.2 [bookmark: _Toc348616101][bookmark: _Toc385874808]Calibrate or Replace Faulty Humidity Sensors and Optimize Control
This corrective action is recommended for the following buildings and systems:
· List Building and System

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113732]Sample Estimated Energy & Cost Savings to Calibrate or Replace Faulty Humidity Sensors and Optimize Control
	Peak Demand Savings (kW)
	Electricity Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	


[bookmark: _Toc348616102]
1.1.3 [bookmark: _Toc385874809]Optimize Control of Heat Recovery Systems
This corrective action is recommended for the following buildings and systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
[bookmark: _Toc351113733]The implementation cost and energy savings for this energy savings measure are summarized below. Estimated Energy & Cost Savings to Optimize Control of Heat Recovery Systems
	Bldg./
Unit
	Peak Demand Savings (kW)
	Electricity Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	
	


[bookmark: _Toc348616103]
1.1.4 [bookmark: _Toc385874810]Schedule Control
This corrective action is recommended for the following buildings and systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113734]Sample Estimated Energy & Cost Savings for Schedule Control
	Bldg./ Unit
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



1.1.5 [bookmark: _Toc348616104][bookmark: _Toc385874811][bookmark: _Toc340734773]Reduce Airflow in Heating Mode
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113735]Sample Estimated Energy & Cost Savings to Reduce Airflow in Heating Mode
	Bldg./ Unit
	Peak Demand Savings (kW)
	Electricity Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



1.1.6 [bookmark: _Toc348616105][bookmark: _Toc385874812]Airflow Setback During Low/No Use Periods
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113736]Sample Estimated Energy & Cost Savings for Airflow Setback During Low/No Use Periods
	Bldg./ Unit
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



1.1.7 [bookmark: _Toc348616106][bookmark: _Toc385874813]Optimize Control of Heating Hot Water Systems
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113737]Sample Estimated Energy & Cost Savings to Optimize Control of Heating Hot Water Systems
	Bldg./
Unit
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




1.1.8 [bookmark: _Toc348616107][bookmark: _Toc385874814]Kitchen Makeup and Exhaust Are Constant Volume
This corrective action is recommended for the following systems:
· List Building and Systems
As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113738]Sample Estimated Energy & Cost Savings for B1 Kitchen Makeup and Exhaust Are Constant Volume
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	



[bookmark: _Toc348616108]
1.1.9 [bookmark: _Toc385874815]Optimized Control of Chilled Water Systems
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113739]Estimated Energy & Cost Savings for Optimized Control of Chilled Water Systems
	Bldg./ Unit
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	
	


[bookmark: _Toc348616109]

1.1.10 [bookmark: _Toc385874816]Controlling Lab Supply and Exhaust Fan Speeds to Match Biosafety Cabinet Airflow
This corrective action is recommended for the following systems:
· List Building and Systems
As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113740]Sample Estimated Energy & Cost Savings for Controlling B1 Lab Supply and Exhaust Fan Speeds to Match Biosafety Cabinet Airflow
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	



1.1.11 [bookmark: _Toc348616110][bookmark: _Toc385874817]Adding Control Valves to Unit Heaters
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.

Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113741]Sample Estimated Energy & Cost Savings for Adding Control Valves to Unit Heaters
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	



1.1.12 [bookmark: _Toc348616111][bookmark: _Toc385874818]Adding Boiler Blowdown Heat Recovery
This corrective action is recommended for the following systems:
· List Building and Systems
As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113742]Sample Estimated Energy & Cost Savings for Adding Boiler Blowdown Heat Recovery
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	



1.1.13 [bookmark: _Toc348616112][bookmark: _Toc385874819]Adding VFD to Boiler Induced Draft Fan
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
[bookmark: _Toc351113743]Sample Estimated Energy & Cost Savings for Adding VFD to Boiler Induced Draft Fan
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	


[bookmark: _Toc348616113]

1.1.14 [bookmark: _Toc385874820]Repair AC-1 and B PACU Air Handler to Eliminate Air Leakage
This corrective action is recommended for the following systems:
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Cost and Benefits
The implementation cost and energy savings for this energy savings measure are summarized below.
Sample Estimated Energy & Cost Savings for Adding VFD to Boiler Induced Draft Fan
	Peak Demand Savings per year (kW/yr.) 
	Electric Usage Savings per year (kWh/yr.)
	Heating Savings per Year (MMBtus/yr.)
	Annual Cost Savings ($/yr.)
	Implementation Cost ($)
	ROI (%)
	Simple Payback (yrs.)

	
	
	
	
	
	
	





[bookmark: _Toc348078643][bookmark: _Toc385874821]Description of Corrective Actions with Minimal or Unquantifiable Energy Impacts 
[bookmark: _Toc345773201]The following corrective actions with minimal or unquantifiable energy impacts were presented:
1.1.15 [bookmark: _Toc348595284][bookmark: _Toc348616124][bookmark: _Toc385874822]Dirty or Poorly-Fitting AHU Filters

This corrective action is recommended for the following systems and buildings:
· List Buildings and Systems
As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
The non-energy benefits of this recommended corrective action include the following:
· Improved air quality
· Cleaner AHU coils,
· Reduced overall maintenance on AHU coils downstream of the filters
1.1.16 [bookmark: _Toc345773203][bookmark: _Toc348595288][bookmark: _Toc348616125][bookmark: _Toc385874823][bookmark: _Toc345773202][bookmark: _Toc348595286][bookmark: _Toc348595285]Calibration or Replacement of Sensors
This corrective action is recommended throughout the facility, but is especially important for humidity sensors, CHW supply temperature sensors, and impeller-type flow sensors. Specific issues are called out for the following buildings: 
· List Buildings and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
Sensors that provide accurate feedback enable controls to function properly and will ensure efficient energy use where they impact system output.
1.1.17 [bookmark: _Toc348616126][bookmark: _Toc385874824]Improve Water Treatment
This corrective action is recommended in general for all hydronic systems and humidifiers, including the following buildings and systems: 
· List Buildings and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
Providing good water quality ensures better functioning and more reliable humidification systems, maintains heat transfer at coils and heat exchangers, and reduces corrosion. 
1.1.18 [bookmark: _Toc348616127][bookmark: _Toc385874825]Improve Control of Humidifiers
This corrective action is recommended in general for all systems, with specific issues called out for the following buildings and systems: 
· List Building and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
Properly controlled humidification systems provide better comfort, health, and safety, and will also reduce energy use.
1.1.19 [bookmark: _Toc348616128][bookmark: _Toc385874826]Repair/Restore Controls of Terminal Devices
This corrective action is recommended for the following systems and buildings:
· List Buildings and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
The non-energy benefits of this recommended corrective action include the following:
· Improved space comfort
· Improved temperature control
1.1.20 [bookmark: _Toc345773204][bookmark: _Toc348595287][bookmark: _Toc348616129][bookmark: _Toc385874827]Deferred Maintenance
This corrective action is recommended for the following buildings and systems:
· List Buildings and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
Correcting deferred maintenance items will provide improved comfort, better system performance, reduced emergency repairs, and will save water and energy.
1.1.21 [bookmark: _Toc345773205][bookmark: _Toc348595289][bookmark: _Toc348616130][bookmark: _Toc385874828]Restore Proper Control Function
This corrective action is recommended for the following buildings and systems:
· List Buildings and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
Properly functioning controls will improve comfort and performance and may reduce energy use.
1.1.22 [bookmark: _Toc345773206][bookmark: _Toc348595290][bookmark: _Toc348616131][bookmark: _Toc385874829]Match BAS Displays to Actual Conditions
This corrective action is recommended for the following buildings and systems:
· List Buildings and Systems

As-Found Conditions
· Describe “As-found” Conditions.
Recommended Corrective Action 
· Describe Recommended Corrective Action
Implementation Logistics and Impact on Operations
· Describe the Implementation Process 
Benefits
Accurate information and clear relationships between components makes it possible to identify and diagnose problems remotely.
[bookmark: _Toc334176474][bookmark: _Toc385874830]HVAC System Maintenance Summary
In general, the current maintenance of the HVAC systems across the campus is satisfactory for facilities of this type. HVAC systems were observed to be in good working order with the exception of the issues noted in the Issues Log in Appendix. While the maintenance of the HVAC systems is satisfactory, there are operational and maintenance enhancements in building systems that may result in improvements in infection control, energy efficiency, occupant comfort, and indoor air quality. These enhancements are captured in the Issues Log in Appendix.
HVAC system condition assessments were completed during the Investigation Phase. The issues documented in Appendix present the current condition of the HVAC systems. Observations were not documented for systems where operation was acceptable based on the provided sequences of operation and system operation data gathered from site surveys and facility personnel interviews. The following approach was applied in the condition assessment of the HVAC systems:
· Airside Equipment Inspection, to assess whether:
· Outside and return air damper linkages are connected and functioning properly.
· Control sensors are not located near cooling or heating coils.
· Control sensors are calibrated.
· Belts are in good working condition with adequate tension.
· Coils and filters are clean and free of debris.
· Routine preventative maintenance has been performed.
· Chilled / Hot Water System Inspection, to assess whether:
· Routine preventative maintenance has been performed.
· Control sensors are calibrated.
· Control sensor locations are appropriate.
· Control valve actuators are functioning properly.
· Terminal Unit Inspection, to assess whether:
· Routine preventative maintenance has been performed.
· Control sensors are calibrated.
· Control sensor locations are appropriate.
· Control valve and damper actuators are functioning properly (if installed).
· BAS Inspection to:
· Analyze BAS capabilities and available control points.
· Evaluate equipment control through the BAS.
· Assess whether BAS includes required control points for additional energy conservation opportunities.
· Evaluate whether the existing BAS provides significant capability for ensuring sustainability of energy savings.

[bookmark: _Toc332281116][bookmark: _Toc332281173][bookmark: _Toc332281229][bookmark: _Toc385874831]Carbon Dioxide (CO2) Monitoring 
Name of Consultant monitored CO2 levels in the facility using portable data loggers and spot measurements. BAS sensor trending data for CO2 concentrations was not available. The data logger locations were selected with input from the VA site team. Spaces with high occupancy such as patient rooms, conference rooms, break rooms, a library, the chapel, reception areas, waiting rooms, work rooms, dining areas, and cubicle office areas were typically selected.

The recorded data represent a baseline that can be used for comparison purposes as facility changes occur, including HVAC upgrades, control changes, and changes in occupancy. It also provides information on potential operational issues or improvement opportunities in the facility’s ventilation strategy. The CO2 Monitoring Report describes the points monitored and their results with recommended corrective actions. Over the course of the monitoring, the following areas were found to have CO2 concentrations above 1,000 ppm.

[bookmark: _Toc351113754]Portable Data Loggers – CO2 Levels Above 1,000 ppm
	Building
	Location
	Monitoring Device
	Logging Duration
	Logging Interval (Minutes)
	Max 
CO2 
(ppm)

	1
	
	
	
	
	

	2
	
	
	
	
	



The following list describes recommended action to address high CO2 levels:
· List Buildings and recommended corrective action.


[bookmark: _Toc385874832]Updated Current Facility Requirements (CFR) 
[bookmark: _Toc329857919]A Current Facility Requirements (CFR) document details the functional requirements for the various spaces in a facility. It includes measurable performance criteria such as: desired heating and cooling temperatures; relative humidity minimums and maximums; and required air changes per hour. The CFR also includes the type(s) of equipment serving the space, filter requirements, and heating/cooling source(s).  
The Name of VAMC VA Medical Center did not have a CFR. Name of Consultant created a summary of the functional requirements for the various space types in a hospital campus from the VA Design Guide. This summary is included in Appendix of this report for reference purposes only and is applicable to new construction projects. Existing spaces at the Name of VAMC VA Medical Center may not be able to meet the functional requirements for new construction.  Adjustments to the existing HVAC system and equipment should include input from a planning/design consultant/engineer to confirm their suitability and safety.
During the course of the RCx process, a major update and revision of the VA Design Guide (http://www.cfm.va.gov/til/dGuide.asp) was underway. Updates will be incremental; completed guides should be posted by VA on the website and noted as current. As such, the VA Design Guide Summary in Appendix was supplied to the Site COR in the form of an editable Excel spreadsheet (.xls). 


[bookmark: _Toc385874833]Out-Briefing Addressing Investigation Findings and Implementation Options
The out-briefing process provided VA staff with an opportunity to discuss the project with the RCx Team who were responsible for completion of the project. The out-briefing process was conducted in person on Date. During the out-briefing, the major RCx Investigation discoveries, improvement measures, and recommendations were discussed. The objective of this briefing was to answer questions and provide further explanations concerning elements of the project that remain unclear to VA staff after review of the project final report. 
Name of Consultant discussed a variety of recommendations resulting from the RCx process which included:
Energy efficiency improvement measures
Equipment performance improvement measures
Operational and maintenance improvement measures
Equipment repair and/or change-out opportunities

Key items discussed in this meeting included:
List discussion items.
The Out-Briefing Meeting Minutes are included as Appendix.
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