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Meta Goal:
Much of hospitals’ energy use is driven by the HVAC codes.  In order to affect change in the HVAC codes, participating owners will do pilot projects, and record the results in a manner that can be shared.

Pilot projects should contain some form of ventilation innovation deviating from the existing code (air change per hour, or ACH) framework in well defined, non-protective space.  Ideally, projects would measure one or more of the following: energy performance, indoor air quality (IAQ), relevant infection prevention outcomes, patient and staff comfort.

What/How: Participating health systems or hospital will identify one or more non-protective spaces (defined in Appendix A. p. 9) in one or more facilities as pilot site opportunities.  For 18 months, pilot sites will reduce HVAC minimum ventilation rates, and report outcomes.  Projects are encouraged to record air quality to demonstrate environmental safety. 

Iterative / Parallel Schematic Process: 
1. Prospective participants conduct internal review of project potential, business case, jurisdictional ventilation standards and regulatory requirements for potential opportunities and barriers, and possibly initiate outreach to internal stakeholders to gage interest and questions.
2. Recruit/identify internal 'champions' and project leads
3. Potential initial outreach to state regulatory/external stakeholders to gage interest and concerns.
4. Potential initial outreach to potential external supporters such as utility energy efficiency programs, ESCOs, 3rd party energy mgt providers, 
5. Prospective participant pilot sites collaborate to establish consensus goals, definitions of success, ventilation reductions, environment parameters to be monitored, the proposed alarm notification and applicable threshold limits, data collection criteria and formats, data sharing/anonymity agreements, and overall work plan. Decide level, timing and goals of any engagement with ASHRAE and FGI.
6. Identify and pursue the needed financial and human resources.
7. Refine / finalize list of potential pilot sites and spaces to get the desired breadth and depth of geographic/climate variation, and space types.
8. Identify and seek 'permission slips' or waivers for any relevant state or local standards or codes 
9. Finalize pilot program design, work plan and process.  
10. Launch pilot. Change ventilation... monitor, report to peers on progress, measure and report results...

Facility Criteria: 
Good pilot sites and spaces will have the following:
1. Non-protective spaces in relative isolation from spaces NOT included in the pilot
2. Variable Air Volume (VAV)
3. Energy metering and building management systems (BMS) for pilot spaces
4. Direct digital controls of HVAC system in the pilot space(s)
5. Appropriate levels of staff support and expertise
6. Stakeholder buy-in; senior mgt, facility leaders and energy managers, infection prevention, nursing, clinicians... 

Where: For our shared, sector effort, we seek spaces located within the six key climate regions of the US:
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[bookmark: _GoBack]While Pilots are not restricted to the following locations, major population and health care centers in the desired zones include New York, Chicago, Seattle, Los Angeles, Houston and Phoenix.

Why: For many hospitals, only 10-15% of the floor space needs to be treated as specialty environment, requiring different ventilation rates and controls for the purpose of infection prevention.  Adopting more adaptive ventilation standards reform could potentially save $2 - $3.5 billion annually in hospital energy costs nationally, 20%-30% of the electricity and 30%-50% of the natural gas used, reducing health care sector carbon emissions by 8.5 to 14 million MTCO2e, while maintaining infection prevention, patient and staff comfort, and improving facility and community air quality.

Project Timeline: By end of Q3 2017, establish protocols and recruit initial pilots. By early Q4 2018: data collected for pilots' relevant seasons/climates.  Begin analysis and sharing results by Q4, 2018. Establish ongoing communication forum for partnering on advocacy.

Support: The pilot effort will be coordinated for the Health Care Climate Council by Paul Lipke, Health Care Without Harm's Senior Advisor for Energy and Buildings, with advisory technical support from Kaiser Permanente's Travis English, Chief Design Engineer/Director of Engineering and Maya Salabasheva, KP's Principal Mechanical Engineer. As work progresses, it is anticipated that the pilot sites will collaborate to support and learn from each other.

#MORE#



**********Kaiser Permanente's Initial Solicitation to CA, April, 2016*********
To inform and/or be adapted to suit other pilot sites
Sections specific to CA are {in brackets}

Facilities participating in a demonstration project shall use an Alternate Method of Compliance to meet provisions of the {California Building Standards Code} with regard to indoor air quality, fire resistance and safety for the duration of the project. 

For this proposal, the State shall:

· Grant hospitals a waiver from the requirements of {CCR T24 Part 4 Sections 407.1, 407.3, 407.5, and Table 4-A} for the eligible spaces (non-sensitive spaces) listed in Appendix A.  In lieu of these requirements, hospitals will apply industry standards and best-practice methods based on ASHRAE Standard 62.1 (Indoor Air Quality) and ASHRAE Standard 55 (Thermal Comfort for Human Occupancy).  Ventilation at the minimum condition shall always meet the minimums of {CCR Title 24 Part 6 Section 120.1(b) 2B (Ventilation)}. 

· {Grant hospitals a waiver from the requirements of CCR T24 Part 4 Section 407.5.1.3 for eligible spaces (non-sensitive spaces) listed in Appendix A. Hospitals may use a variable air volume (VAV) system without adding return air VAV terminal boxes (or modulating dampers) controlled in junction with the associated supply air VAV terminal boxes.  OSHPD has approved similar variances to § 407.5.1.3 on at least two occasions.(See Previous Variance Examples in Appendix E)}

These variances will be limited to select, non-sensitive spaces, as detailed in Appendix A.  

As a contingency of either/both variances, safe indoor air quality shall be validated, measured and reported.  Validation will be achieved by actual measurement of air quality by a qualified industrial hygiene professional, according to a developed and approved sampling and testing plan (See Appendix C for a Sample Indoor Air Quality Validation Scope of Work).  Measurements will be benchmarked against ASHRAE Standard 62.1 (Indoor Air Quality), specifically, representative metrics as listed in ASHRAE Standard 62.1 - Appendix B or other appropriate baselines identified by the designated environmental health and safety professionals (more details in Appendix C).

As a contingency of either/both variances, energy savings resulting from these variances shall be reported for 18 months from the point of completion. 

Reason for the Request:
Approving this waiver would create an opportunity for 20%-30% electricity and 30%-50% natural gas savings in participating hospitals. For hospitals with digital controls, much of this savings could be captured by reprogramming and re-balancing existing HVAC and control assets.

For hospitals participating, this proposal includes a requirement to perform safe indoor air quality validation by physical measurements.  Hospitals will measure and report the indoor air quality in the facility, benchmarked against known safe indoor air quality thresholds.  Since this type of validation is not typically performed, routinely or proactively, hospitals participating in this program will improve the assurances of air quality for patient and staff safety.

Program Background
Indoor Air Quality (IAQ) is the “air quality within and around buildings and structures, especially as it relates to the health and comfort of building occupants” [1]. Air quality standards, stated as acceptable limits of contaminants, are developed by multiple sources including the ACGIH [2], OSHA [3] , NIOSH [4], and EPA [5].

Best practices for ventilation for indoor air quality are well-established in commercial buildings with a body of scientific and engineering literature dating from the 1970s on attainment of indoor air quality. The well-respected ASHRAE Standard 62.1 - Ventilation for Acceptable Indoor Air Quality, provides a model code for commercial buildings in the U.S., with the exception of hospitals.

Building standards for hospitals in the U.S. rely on a different, legacy ventilation methodology requiring “air changes per hour” (ACH).  Because of this reliance on the older ventilation practices, hospitals over-ventilate many spaces, most of the time.  This, in turn, uses a tremendous amount of fan, cooling, and heating energy. An average hospital has ~630,000 sq.ft. of space, and uses 18,000,000 kWh of electricity and 680,000 therms of natural gas per year.  Hospitals have seen very little improvement in overall energy efficiency since 1972, during the same time commercial energy codes – such as CCR Title 24 part 6, have been quite effective. 
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Adopting modern, outcomes-based, ventilation practices and air quality standards would create an opportunity for 20%-30% electricity and 30%-50% natural gas savings.  For hospitals with digital controls, much of that savings could be captured by reprogramming and re-balancing existing HVAC and control assets.  The graphs below represent projected electricity and natural gas savings based on a similar pilot project at a Kaiser Foundation Hospital in Woodland Hills. Please note that most of the savings comes in the evening, overnight, and morning hours, where spaces are, under current codes, significantly over-ventilated.



30% Reduction kWh
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40% Reduction Natural Gas
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Regulatory Overview
{The Facilities Development Division (FDD) Building Standards Unit, under OSHPD, enforces building standards, per the California Building Standards Code, as they relate to health facilities design and construction.

OSHPD’s Building Standards Unit works in conjunction with the Hospital Building Safety Board, and stakeholders to develop code language for new standards and amendments to existing standards in the California Building Standards Code. All regulatory proposals are submitted by OSHPD to the California Building Standards Commission for approval and adoption.

The California Building Standards Commission adopts the CA Code of Regulations (CCR). CCR Title 24, known as the California Building Standards Code, is a compilation of three (3) types of building criteria from three (3) different origins:
· Building standards that have been adopted by state agencies without change from building standards contained in national model codes;
· Building standards that have been adopted and adapted from the national model code standards to meet California conditions; and
· Building standards, authorized by the California legislature, that constitute extensive additions not covered by the model codes that have been adopted to address particular California concerns.

Health Care facilities are exempt from CCR Title 24, Part 6 and so do not follow the ventilation prescriptions of CCR Title 24 Part 6 Section 120.1(b) 2B (Ventilation)}. 

For ventilation and Indoor Air Quality standards, the {California Building Standards Commission} relies on national model code standards, such as those published by the American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE).  ASHRAE’s ventilation requirements for commercial buildings and those for health care facilities are contained in two separate ASHRAE Standards:

· Standard 62.1 – Ventilation for Acceptable Indoor Air Quality
· Standard 170 -- Ventilation of Health Care Facilities

ASHRAE Standard 62.1 - Ventilation for Acceptable Indoor Air Quality - applies to all commercial buildings in California with the exception of hospitals.  ASHRAE 62.1 contains metrics for environmental contaminants and ventilation rates based on occupancy and space contamination (typical ventilation rates are ~15-25 cfm per person, or ~ .15 -.2 cfm per sf).  ASHRAE 62.1 provides three approaches to meet the standard: 1) ventilation rates; 2) natural ventilation and 3) Indoor Air Quality Procedure (IAQP) approach.  Under the IAQP approach, Standard 62.1 allows customized ventilation rates to be selected based on anticipated contaminants, and validated once the facility is in service. 

ASHRAE Standard 170 - Ventilation of Health Care Facilities – applies to all health care facilities.  ASHRAE 170 excludes metrics for Indoor Air Quality and instead requires a mandatory minimum of 6 total air changes per hour (Typically 6 ACH, ~0.9 cfm per sf) with a minimum of 2 air changes per hour being Outside Air (OA) (2 ACH, ~0.3 cfm per sf).  When compared to ASHRAE 62.1, the 6/2 ACH requirement over-ventilates many rooms 95% of the time with no recognized benefit to indoor air quality or infection control. Appendix B estimates, for a sample floor plan, a 67% reduction in CFM based on reducing ventilation to the Title 24 Part 6-required minimum.

The process for approval or adoption of {Building Standards by the Building Standards Commission} is governed by {California Health & Safety Code S 18930}.  
{HEALTH & SAFETY CODE SECTION 18930 

(a) Any building standard adopted or proposed by state agencies shall be submitted to, and approved or adopted by, the California Building Standards Commission prior to codification. Prior to submission to the commission, building standards shall be adopted in compliance with the procedures specified in Article 5 (commencing with Section 11346) of Chapter 3.5 of Part 1 of Division 3 of Title 2 of the Government Code. Building standards adopted by state agencies and submitted to the commission for approval shall be accompanied by an analysis written by the adopting agency or state agency that proposes the building standards which shall, to the satisfaction of the commission, justify the approval thereof in terms of the following criteria: 
(1) The proposed building standards do not conflict with, overlap, or duplicate other building standards.
(2) The proposed building standard is within the parameters established by enabling legislation and is not expressly within the exclusive jurisdiction of another agency.
(3) The public interest requires the adoption of the building standards.
(4) The proposed building standard is not unreasonable, arbitrary, unfair, or capricious, in whole or in part.
(5) The cost to the public is reasonable, based on the overall benefit to be derived from the building standards.
(6) The proposed building standard is not unnecessarily ambiguous or vague, in whole or in part.
(7) The applicable national specifications, published standards, and model codes have been incorporated therein as provided in this part, where appropriate.

(A) If a national specification, published standard, or model code does not adequately address the goals of the state agency, a statement defining the inadequacy shall accompany the proposed building standard when submitted to the commission.
The
(B) If there is no national specification, published standard, or model code that is relevant to the proposed building standard, the state agency shall prepare a statement informing the commission and submit that statement with the proposed building standard.

(8) The format of the proposed building standards is consistent with that adopted by the commission.
(9) The proposed building standard, if it promotes fire and panic safety as determined by the State Fire Marshal, has the written approval of the State Fire Marshal. }

{Aspects of CCR Title 24 Unique to California:

In selected health care spaces, CCR T24 allows for a reduction to from 6 ACH to 2 ACH (~0.3 cfm per sf) of total air “when 100% Outside Air (OA) is used”.  This reduced rate is a legacy of the CA Health & Safety code that has been in place since 1972.  While it is not currently acknowledged by ASHRAE 170, CA has maintained it.  This rate, 2 ACH, still over-ventilates the many rooms 75% of the time. (For more detail on over-ventilation, see Appendix B)  

OSHPD also requires a provision, unique to California, requiring special equipment for Return or Exhaust Air (RA):

407.5.1 Variable Air Volume Systems (VAV). For non-sensitive areas, variable air volume systems meeting the following criteria can be considered: 
407.5.1.1 The VAV system shall comply with code requirements for outside air, total air, and pressure relationship through the full range of operation from minimum to maximum 
407.5.1.2 The central return or exhaust fan shall be controlled to accomplish the variable air volume requirements of the individual rooms served by the fan as described in Section 407.5.1.3. 
407.5.1.3 Variable air volume for return or exhaust air shall be accomplished by utilizing an automatic modulating damper in the return or exhaust air for each zone. The damper will modulate from full open to minimum position in conjunction with the supply air VAV terminal box. 
This provision, requiring modulating dampers for return air, adds significant cost to VAV installations, and acts as a financial deterrent to VAV implementation. The origin of the requirement is not known. It has been required in the CA Health & Safety Code since the early 1990’s, and may have originated from industry concerns about VAV systems at that time.} 

History of Ventilation Standards in US Hospitals:

HVAC trade literature has long and often asserted that, while 90% of Hospital Acquired Infections (HAI) are gained by direct contact, 10% could be the result of airborne transmission [6].  Multiple recent meta-research studies ( [7] [8] [9] [10] [11] [12] ) have not validated ventilation practices or established minimum ventilation rates on this basis, for all but a few select spaces and cases.  The areas where ventilation is known to be relevant to patient outcomes are Operating Rooms (ORs) [13], Airborne Isolation Rooms (AII) [14], and Protective Environments (PE) [15] for severely immune-compromised patients. This demonstration project would only impact non-sensitive areas of a hospital (See Appendix A).

The requirement for 2 ACH of outdoor air as a ventilation standard for hospitals dates back to the 1870s.  In those days, patients were held in wards, often unventilated, lit by candles or oil burning lamps, and with no bathrooms. The patients used bedpans which sat until the nurses had time to empty them.  So, patient wards had horrible odor and hygiene concerns, famously pointed out by Florence Nightingale. Beginning in the 1870s-1880s, architects began designing wards based on volumetric air principles. They used 100 sf per bed, 1000-1500 cf per bed, and enough window area to exchange the volume of air “twice per hour” [16].  

The current 6 ACH total air requirement dates back to the 1960s architectural design guidelines for health care facilities.  US Hospital guidelines were published by the Public Health Service from 1947-1984, then by the American Institute of Architects, from 1987-1994, then by the Facilities Guidelines Institute, from 1998 to today.  Ventilation requirements were removed from the architectural guidelines and published as ASHRAE Standard 170 in 2008. 

Contemporary use of 6 ACH as a general prescription is frequently attributed to a thermal comfort simulation study [17], which indicated 6 ACH as a good overall number for thermal comfort and uniformity in patient rooms.  The study itself does not present 6 ACH as an exclusive solution.  ASHRAE Standard 170 recently reduced the requirement to 4 ACH in patient rooms, citing the same study.  The broader body of thermal comfort literature does not support 6 ACH as a one-size-fits-all requirement for comfort in every patient room in every climate. 6 ACH has only ever been associated with thermal comfort in patient areas.  No other commercial building type carries such a requirement.

Hospital Ventilation Standards in Other Countries:
Much of Europe relies heavily on natural ventilation (outside air openings or operable windows) for patient spaces. The German standard (DIN-1946) of minimum outdoor air per person appears to be the standard used in Switzerland, Holland, Japan and other parts of Europe (ventilation rates are equivalent to 15-25 cfm per person [18], very similar to ASHRAE 62.1).  Spain and the UK encourage ample ventilation with outdoor air [19] [20]. 
The World Health Organization (WHO) includes IAQ as an element of its Practical Guidelines for Infection Control.  WHO guidelines also emphasize natural ventilation, with rates calculated based on the number of patients [10].

#END. Appendices Below#



APPENDIX A: Eligible Spaces and Non-Eligible Spaces

Eligible spaces
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· Administration areas
· Patient holding preparation
· Newborn/well baby nursery
· Treatment room
· Patient room
· IV Prep. Room
· Blood draw phlebotomy
· Infusion room
· Blood bank/tissue storage
· Administrative
· Patient area corridor
· Labor/delivery/recovery room
· Labor/delivery/recovery/postpartum room
· Treatment and examination rooms
· X-ray (diagnostic and treatment)
· CT Scan
· MRI room
· Darkroom
· Fluoroscopy room
· Gamma camera
· Waiting area
· Bedpan room
· Bathroom
· Janitors' closet, housekeeping room
· Linen and trash chute rooms
· Food preparation centers
· Dining room
· Dishwashing room
· Dietary day storage
· Laundry, general (clean and dirty)
· Soiled linen sorting and storage
· Clean linen storage
· Unsterile supply
· Pharmacy/medicine room
· Physical therapy and hydrotherapy
· Toilet room
· Shower room
· Waiting area primary care clinic

Non-eligible spaces


· Operating room, cardiac catheterization lab and cystoscopy
· Delivery room, cesarean operating room
· Post anesthesia care unit
· Intensive care service spaces, acute respiratory - care service spaces, burn service spaces, coronary - care service spaces, pediatric intensive - care service spaces
· Newborn intensive care
· Emergency department Waiting area
· Operating room
· Trauma Room
· Triage
· Airborne infection isolation room
· Airborne infection isolation anteroom
· Protective environment room
· Protective environment anteroom
· Bloodborne infection isolation room
· Bronchoscopy and endoscopy
· Special purpose room (SNF & ICF only)
· Radiological/Imaging: Angiography room
· Negative-pressure x-ray room
· Ultra sound room
· Nuclear Medicine
· Sterilizer equipment room
· Sub sterile room
· Anesthesia storage
· Central medical and surgical supply: Soiled or decontamination room
· Laboratory
· Negative-pressure treatment/exam room
· Soiled workroom (utility room)
· Clean workroom




APPENDIX B: Assessment of Over-Ventilation Oportunity (Sample Floor Plan)
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APPENDIX C:  Indoor Air Quality Monitoring Outline

BACKGROUD
Maintaining compliance with indoor air quality is a net result from this Alternate Method of Compliance. Measurement of indoor air quality shall be validated through methodologies that comply with the following M&V Plan.
PURPOSE
The purpose of this IAQ M&V plan is to define the sensor, hardware and software functions that can provide time series data that monitors real time and periodic environmental conditions and can sync with HVAC M&V data. Combined, these data sets validate compliance with IAQ standards and reductions in energy usage.
SCOPE AND APPLICABILITY
This scope only applies to those HVAC systems serving eligible areas that have been modified to comply with the Alternate Method of Compliance. Some calculations may be required to compensate for larger HVAC systems that serve multiple areas. The base plan calls for IAQ sensor technologies to be installed at primary HVAC/AHU units that serve eligible areas. In addition, remote sensor and monitoring devices shall be placed in a sampling of eligible areas.
ARCHITECTURE and DATA FLOW
Architecture 
The M&V plan envisions a combination of high resolution IAQ sensors to monitor and trend air quality at the primary AHU’s and HVAC equipment serving eligible areas, and in sampling of representative spaces. The data from mobile, remote and installed sensors shall log data in a time series database to align with sensor data from other eligible areas and with the energy monitoring program that will be trending HVAC activity and operations.
Data from each sensor is transported to a data logger devices that can store the data for a period of time without memory loss, and transfer the data in real time to a central repository for perpetual storage. IAQ software will enable data transfer via link to the energy monitoring program where energy, operational and IAQ data is combined for analysis and evaluation.
· Data logging equipment (DLE) – collects data from IAQ sensors installed as needed in facilities and send the information to a data collection server. DLE serves as a communication gateway and data storage for reporting IAQ metrics
· Data collection server – consumes and parses the data sent from the RTU’s, normalizes the data and sends the cleansed data to a server able to store information and integrate with a data management platform. This information can be hosted at each site, or be a cloud based service. 
· Analytic and information management program (locally hosted and web/cloud based) that provides secure dashboards, trend analysis, episodic and ad hoc reporting, exception and fault detection, customized KPI reports and ability to serve data into higher order MIS platforms
SAMPLE HYGENIST WORK SCOPE
The following is a sample Scope of Work to conduct air monitoring at a specified hospital building during an approximate 3-month period following alterations to the HVAC system operation.
The goal of the monitoring is to ensure changes to the HVAC operation continues to provide generally acceptable IAQ with respect to comfort, productivity and infection control.  The specific monitoring parameters include:
Real Time Monitoring Module
· Carbon Dioxide measurements as an indicator of ventilation rates
· Temperature & Relative Humidity
· Airborne dust (PM10)
· Airborne chemicals and gases (NO2, SO2, H2S, CO, TVOC)
The ventilation, dust and chemical/gas monitoring will be connected to a combination of semi-permanent and remote monitoring telemetry units.  This will allow for custom alerts to the Industrial Hygienists and client representative(s) when environmental thresholds have been exceeded.
Monthly IAQ Testing
Monthly IAQ Testing in representative areas will be conducted in  a representative sample of non critical care areas to include the following:
· Using IAQ sensors, air flow pathways will be evaluated at selected locations including entrances, and if appropriate the neighboring elevator lobby, main building entrances, loading docks, and parking garages.
· Spot air quality testing will be conducted in selected areas, plus an indoor control area, and outdoors for: carbon dioxide as an indicator of ventilation rates using non-dispersion infrared absorption techniques; carbon monoxide using electrochemical sensors; airborne particles using electronic aerosol mass monitors; and temperature & relative humidity using electronic thermohygrometers.
· Tests for miscellaneous gases in representative areas, including nitrogen dioxide, sulfur dioxide, and hydrogen sulfide using electrochemical sensors.
· Formaldehyde levels will be documented in selected areas using electronic direct reading meters.
· Screening tests for total volatile organic compounds (TVOC) using a photo-ionization detector (PID).
· Air samples can be collected in selected areas using spore traps, or their equivalent, followed by analysis and counting of non-viable mold spores, fungal fragments, and other potentially allergenic particles with identification to the genus level (type of mold).
· Bacteria, Yeast and Mold – Air sampling using Anderson Samplers or equivalent with MEA/TSA agar following NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, METHOD: 0800.   

Reporting
A monthly report will be delivered displaying real time data as well as the results of the monthly IAQ testing.  Any recommendations based on the results obtained will be provided. Real time data will be made available, through data exchange of common protocol communication, to the project’s energy measurement and verification platform.

Real-time Remote Monitoring Technical Specifications
Sampling equipment will be strategically placed within the occupied space.
The monitoring protocol is outlined below:
1. Deploy ventilation, dust and chemical/gas monitors and conduct baseline IAQ tests in and around the building.
2. After one month, download monitor data, re-deploy monitoring equipment, and conduct baseline IAQ tests in and around the building.
3. Produce monthly report with data and recommendations where applicable.

Remote Telemetry Monitors
The ventilation, dust and chemical/gas monitoring will be connected to remote monitoring telemetry units.  This will allow for custom alerts via text or email to responsible parties when environmental thresholds have been exceeded.  
The remote telemetry sensors and monitors should also be part of a remote monitoring suite, capable of  data logging, global positioning and time series telemetry. The monitoring suite should interface the local logging equipment in the field, via secure communications, to the project measurement and verification software or monitoring, such that indoor air quality data collected may be viewed in the same assessment platform as the energy savings.
The tables below indicate the environment parameters to be monitored, the proposed alarm notification and applicable threshold limits:



	Parameter
	Suggested Alarm Notification Limit
	Pertinent Standards

	
Carbon Dioxide
	
Outdoor Air plus 700 ppm







		EPA, ASHRAE Std 62.1-2013
	 ppm (8 hour average)

	EPA NAAQS
	

	ACGIH TLV
	

	NIOSH
	

	OSHA PEL 
	5000 ppm (8 hour TWA)

	NIOSH
	

	NAAQS
	




	
Airborne Dust (PM10)
	
50 ug/m3
	
	OSHA PEL
	5,000 g/m3, 8 hr.TWA

	NAAQS (PM10)
	50 g/m3,annual average
150 g/m3, 24 hr. average

	WHO (PM10) respirable particles
	  50 g/m3




	
Carbon Monoxide
	
9 ppm







	

	EPA, ASHRAE Std 62.1-2013
	9 ppm (8 hour average)

	EPA NAAQS
	35 ppm (1 hour average)

	ACGIH TLV
	25 ppm (8 hour TWA) 

	NIOSH
	35 ppm (8 hour TWA)

	OSHA PEL 
	50 ppm (8 hour TWA)

	NIOSH
	200 ppm (ceiling limit)

	NAAQS
	9 ppm (8 hour average)






	
Nitrogen Dioxide
	
0.10 ppm
	

	OSHA
	5 ppm Permissible Exposure Limit (PEL) (Ceiling)		

	ACGIH
	0.2 ppm TLV (8 hour TWA) 

	NIOSH
	1 ppm. REL (STEL – 15 minute ceiling)

	WHO
	0.10 ppm exposure limit 1- hour average

	EPA
	0.10 ppm exposure limit 1-hour average







	
Sulfur Dioxide

	
0.20 ppm








	

	OSHA
	5 ppm Permissible Exposure Limit (PEL) (8 hr.TWA)

	ACGIH
	0.25 ppm Short Term Exposure Limit (STEL)

	NIOSH
	2 ppm Recommended Exposure Limit (REL) (8 hr.TWA)  and 5 ppm STEL

	WHO
	0.20 ppm exposure limit 10 min average

	EPA
	0.07 ppm exposure limit 1- hour 






	
Hydrogen Sulfide
	
1 ppm
	
	OSHA
	10 ppm PEL (8 hour TWA)

	ACGIH
	1 ppm TLV and 5 ppm STEL 

	NIOSH
	10 ppm REL, TWA and 15 ppm ceiling









	
Total Volatile Organic Compounds
	
0.4 ppm
	
	Tentative Dose Response to TVOCs

	Grade
	Airborne TVOC*
concentration (ppm)
	Symptoms

	A
	<0.3
	No irritation or discomfort expected

	B
	0.4 – 1.3
	Irritation and discomfort possible if other exposures interact

	C
	1.4 – 11
	Exposure effect and probable headache possible if other exposures interact

	D
	>11
	Additional neurotoxic effects other than headache may occur


 








APPENDIX D: Energy Measurement and Verification Outline

[bookmark: _Toc449100904]BACKGROUD
Maintaining compliance with indoor air quality is a net result from this Alternate Method of Compliance. Measurement of indoor air quality shall be validated through methodologies that comply with the following M&V Plan.
[bookmark: _Toc449100905]PURPOSE
The purpose of this IAQ M&V plan is to define the sensor, hardware and software functions that can provide time series data that monitors real time and periodic environmental conditions and can sync with HVAC M&V data. Combined, these data sets validate compliance with IAQ standards and reductions in energy usage.
[bookmark: _Toc449100906]SCOPE AND APPLICABILITY
This scope only applies to those HVAC systems serving eligible areas that have been modified to comply with the Alternate Method of Compliance. Some calculations may be required to compensate for larger HVAC systems that serve multiple areas. The base plan calls for IAQ sensor technologies to be installed at primary HVAC/AHU units that serve eligible areas. In addition, remote sensor and monitoring devices shall be placed in a sampling of eligible areas.
[bookmark: _Toc449100908]ARCHITECTURE and DATA FLOW
Architecture 
The M&V plan envisions a combination of high resolution IAQ sensors to monitor and trend air quality at the primary AHU’s and HVAC equipment serving eligible areas, and in sampling of representative spaces. The data from mobile, remote and installed sensors shall log data in a time series database to align with sensor data from other eligible areas and with the energy monitoring program that will be trending HVAC activity and operations.

Data from each sensor is transported to a data logger devices that can store the data for a period of time without memory loss, and transfer the data in real time to a central repository for perpetual storage. IAQ software will enable data transfer via link to the energy monitoring program where energy, operational and IAQ data is combined for analysis and evaluation.

· Data logging equipment (DLE) – collects data from IAQ sensors installed as needed in facilities and send the information to a data collection server. DLE serves as a communication gateway and data storage for reporting IAQ metrics

· Data collection server – consumes and parses the data sent from the RTU’s, normalizes the data and sends the cleansed data to a server able to store information and integrate with a data management platform. This information can be hosted at each site, or be a cloud based service. 

· Analytic and information management program (locally hosted and web/cloud based) that provides secure dashboards, trend analysis, episodic and ad hoc reporting, exception and fault detection, customized KPI reports and ability to serve data into higher order MIS platforms

Dataflow
The graphic below illustrates the flow data originating from the CT’s and Meters to the RTU/Data Loggers and then to a Data Storage (onsite) PC with dashboard and analytic capabilities.
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 (
Meter and CT data is monitored at the circuit / device level and transported into dedicated Energy Information Program that generates M&V Reports
)
APPENDIX E: Previous Variance Examples






APPENDIX F:  Sample Project Implementation Plan and Timeline

	Phase
	Tasks in Phase
	Approximate 
Timing (weeks)

	Hospital Administration Approvals
	Socialization of concept with hospital administration, including infection prevention, employee health and safety, licensing and regulation, and facilities operations (engineering, and project management).
	2
	6

	Project planning
	Assembly of team to include facilities engineering, A&E professionals, contractors, controls vendors, M&V authority, commissioning authority, project management, industrial hygienist (for post-implementation indoor air quality validation) and facilities operations representation.  
Finalization of Contracts.  
Establishment of detailed schedule. 
Beginning of work. 
	4
	8

	Engineering
	Pre-air balance readings and documentation.
Revised basis of design for ventilation, revisions to controls sequences, production of record drawings and record documentation.
Permitting, including agency submission, review and approval. 
	4
	8

	Implementation
	Upgrades of controls infrastructure, implementation of M&V infrastructure.
Reprogramming of controls.  Commissioning of affected zones.
Operator training.
	8
	12

	SUB-TOTAL: Planning & Implementation
	18
	34

	Post-implementation, Phase I
	Continued operator training
Implementation and commissioning of M&V accounting.
Post-implementation indoor air quality validation (90 Days) and commissioning.
Indoor air quality reporting
	16
	18

	Post-implementation, Phase II
	Energy M&V 
	30
	30

	TOTAL:  Implementation validated for Energy and Indoor Air Quality
	64
	82
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'SAMPLE FLOOR PLAN, 100% OA SYSTEM

Overnight | Ventilation
SaFt. Minimum Indices
irflow* (cfm) | (cfm/sf)

|case 1 |current cMCTable 2-A (no vAV) 15,910 13,685 086
|case 2 [proposed standard 62° 15,910 4,540 029
Reference [Title 24 Part 6 Minimum Ventilation 015

Percent savings (at the mi

mum) 7%

* - Maximum airflow (e.g. Summer afternoon) stays the same. Design maximum per outlet does not change
=+ Critical spaces excluded from re-calculation: Airborne Isolation
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1.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
2 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
2.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
3 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
3.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
4 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
4.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
5 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
5.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
6 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
6.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
7 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
7.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
8 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
8.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
9 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
9.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
10 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
10.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10Y No SA 60 75
11 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
11.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
12 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 230 155
12.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
Has
13 Work room 170 9 Office: Office Space 2 6 dedicated 51 153
unit
14 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 360 285
14.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
15 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 320 245
15.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
16 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 320 245
16.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
17 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 320 245
17.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
18 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 250 175
18.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
19 Airborne Isolation 270 9 Inpatient Nursing: Airborne Isolation 5 12y a1 286 286 500 485
Room Room
. Inpatient Nursing: Airborne Isolation
19.3 Airborne Ante Room 40 0y 60 120
Room
19.6 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
20 Electrical Room 265 9 Misc: Telephone Closets 2 6 80 239 530 530
Hotel & Resort: Lobbies, Office:
21 Waiting Room (famlily) 249 9 Reception; Misc: Transportation 2 6 75 224 450 450!
waiting
22 Office 100 9 Office: Office Space 2 6 30 90 150 150
23 Staff toilet 50 9 Service: Bathroom 0Y 90 75 90
24 Office 100 9 Office: Office Space 2 6 30 90 100 100
25 Housekeeping 87 9 Service: Janitor's Closet 10 Y 130.5 100 130
26 Pharmacy 250 9 Diagnostic & Treatment: Pharmacy 2 a4 75 150 300 230
27 Staff toilet 50 9 Service: Bathroom 0Y 75 90 100
28 Staff toilet 50 9 Service: Bathroom 10Y 75 90 100
:‘z::sable Patient 270 9 Inpatient Nursing: Patient Room 2 4 81 162 410 335
29.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
30 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 300 225
30.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
31 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 300 225
31.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
32 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 300 225
32.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
33 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 300 225
33.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
34 Patient Room 230 9 Inpatient Nursing: Patient Room 2 4 69 138 300 225
34.5 Pat. Restroom 40 9 Inpatient Nursing: Toilet Room 10 Y No SA 60 75
Multipurpose and .
. 232 9 General: Conference / Meeting 2 6 70 209 500 500
Consultation
36 Corridor, patient 3885 9 Inpatient Nursing: Patient Corridor 0 2 1166 1200 1200
37 Nurse station, large 600 9 Office: Office Space 2 6 180 540 540 540
38 Nurse station, large 600 9 Office: Office Space 2 6 180 540 540 540
39 Nurse station 160 9 Office: Office Space 2 6 48 144 185 185
40 Nurse station, corner 500 9 Office: Office Space 2 6 150 450 180 180
41 Nurse station 160 9 Office: Office Space 2 6 48 144 180 180
Diagnostic & Treatment: Medication *CA required
42 Med prep 90 2 a4 27 54 90 70
room P
43 staff BOH & locker 800 9 Office: Office Space 2 6 240 720 600 600
Nourishment, Food ) .
- 150 9 Service: Food Preperation 2 10 45 225 230 230
45 Med prep %0 Diagnostic & Treatment: Medication 5 2 *CA required 27 54 %0 70
room P
46 Clean linen 130 9 Service: Clean linen storage 0 2 39 90 65
47 Soiled utility 100 9 Service: Soiled linen storage 0 10 Y 150 145 170!
48 Office 100 9 Office: Office Space 2 6 30 90 100 100!
49 Transcription 100 9 Office: Office Space 2 6 30 90 120 120
Secure medical General: Occupiable storage rooms
. 242 - 2 10 73 363 150 150
equipment storage for liquids or gels
3,167 9,457 13,685 13,580
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1 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 0.8 48 60 230 80 155 55
1.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 30
2 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
2.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
3 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
3.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
4 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
4.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
5 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
5.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
6 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
6.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
7 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
7.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
8 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
8.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
9 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
9.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
10 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
10.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
11 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
11.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
12 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 230 80 155 55
12.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
N Dedicated
13 Work room 170 62.1 Office: Office Space 09 5 01 unit 08 14 18 0
14 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 360 120 285 100
14.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
15 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 320 110 245 85
15.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
16 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 320 110 245 85
16.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
17 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 320 110 245 85
17.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
18 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 250 90 175 60
18.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
Airborne Isolation Inpatient Nursing: Airberne Isolation Dedicated
Room 270 170 Room 2 12 Y EA 08 81 81 486 560 560 485 485
B Inpatient Nursing: Airberne Isolation SA Only, No
19.3 Airborne Ante Room 40 170 10 Y 0.8 0 0 60 120 120
Room EA
19.6 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 75
20 Electrical Room 265 62.1 Misc: Telephone Closets 0 0.8 0 0 530 180 530 185
i Hotel & Resort: Lobbies, Office:
2’:!:“;5)“"’" 249 62.1 Reception; Misc: Transportation 8.3 7.5 0.6 08 212 265 450 150 450 160
waiting
22 Office 100 62.1 Office: Office Space 05 5 006 08 9 11 150 50 150 55
23 Stafftoilet 50 62.1 Service: Bathroom 7y Sz‘ance A o 0 0 s0 160 55
24 Office 100 62.1 Office: Office Space 05 5 006 08 9 11 100 30 0
R R B Balance EA
25 Housekeeping 87 62.1 Service: Janitor's Closet 0 0.1 6.7 Y up 08 10 13 87 100 30 260 90
26 Pharmacy 250 62.1 Diagnostic & Treatment: Pharmacy 1.3 10 0.1 Remove P 08 43 53 300 100 230 80
27 Stafftoilet 50 62.1 Service: Bathroom 7y Sz‘ance A 08 0 0o 50 90 30 160 55
R R Balance EA
28 Staff toilet 50 62.1 Service: Bathroom 7Y ® 08 0 0 50 90 30 160 55
29 :;Ze:ab‘e Patient 9 62.1 Inpatient Nursing: Patient Room 2 10 o1 08 52 66 410 140 335 120
29.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
30 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 300 100 225 80
30.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
31 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 300 100 225 80
31.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
32 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 300 100 225 80
32.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
33 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 300 100 225 80
33.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
34 Patient Room 230 62.1 Inpatient Nursing: Patient Room 2 10 01 08 48 60 300 100 225 80
34.5 Pat. Restroom 40 62.1 Inpatient Nursing: Toilet Room Y No SA 25 75 25
Muttipurpose and 232 62.1 General: Conference / Meeting 77 5 006 08 53 66 500 170 500 175
Consultation
N N ~ N ~ ~ Set min at
36 Corridor, patient 3885 62.1 Inpatient Nursing: Patient Corridor 19 0.1 50% 08 466 583 1200 600 1200 425
37 Nurse station, large 600 62.1 Office: Office Space 4 5 0.06 08 56 70 540 180 540 190
38 Nurse station, large 600 62.1 Office: Office Space 4 5 0.06 08 56 70 540 180 540 190
39 Nurse station 160 62.1 Office: Office Space 08 5 006 08 14 17 185 60 185 65
40 Nurse station, corner 500 62.1 Office: Office Space 25 5 006 08 43 53 180 60 180 65
41 Nurse station 160 62.1 Office: Office Space 08 5 006 08 14 17 180 60 180 65
42 Med prep % 62.1 zfﬂ"“t‘c &Treatment: Medication 0.1 RemoveP 08 11 14 % 30 70 25
43 staff BOH & locker 800 62.1 Office: Office Space 4 5 006 08 68 85 600 200 600 210
:;L;‘Shme"t' Food 450 62.1 Service: Food Preperation 1 5 01 6.6 08 23 29 230 80 230 80
Diagnostic & Treatment: Medication
45 Med prep 90 62.1 oom 1 0.1 Remove P 08 11 14 920 30 70 25
46 Clean linen 130 62.1 Service: Clean linen storage 1 0.1 0.8 0 0 90 30 65 25
47 Soiled utility 100 62.1 Service: Soiled linen storage 1 Y 50 170 60
48 Office 100 62.1 Office: Office Space 05 5 006 08 9 11 100 30 100 35
49 Transcription 100 62.1 Office: Office Space 05 5 006 0.8 9 11 120 40 120 40
Secure medical General: Occupiable storage rooms
- 242 62.1 o 05 5 012 08 31 39 150 50 150 55
equipment storage for liquids or gels
12,845 13,240
4,540 4,640
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Figure 2. Six cities were evaluated that represent the largest cities in the most diverse climate regions in the
USS. Source: University of Washington Integrated Design Lab 2013.




