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State of the Art (Background)  
Navigating a natural ventilation scheme through compliance with the code and standards can be tricky, as most of 
these documents are written with a mechanical ventilation system in mind.  For human health and well-being, 
ventilation (i.e., the provision of outdoor air to occupied spaces) is governed by codes which either define the 
requirements explicitly or reference ASHRAE Standard 62.1 (ASHRAE 2019) in whole or in part. 
 
In addition to ventilation compliance, most jurisdictions also govern energy use through a code which is typically 
either ASHRAE Standard 90.1 or a state-generated code such as California Title 24 Part 6.  These energy codes will 
often proscribe how natural ventilation is to be modelled in performance methods of compliance. 
 
There are various paths available to demonstrate the compliance of a natural ventilation scheme with the 
requirements of ASHRAE Standard 62.1 (ASHRAE 2019), as noted in the table below. 
Most of the prescriptive paths are designed for single-room natural ventilation solutions.   
 
Method Type Path Summary Description Basis of Path 
Prescriptive 
Single zone 

ASHRAE Standard 62.1-2016 
(ASHRAE 2016b) 

4% Total Opening 
Method 

Historical Rule of Thumb 

Prescriptive 
Single Zone 

Proposed Addendum (DA-71) to 
ASHRAE Standard 62.1: Path A   

Two opening, Flow 
Adjusted Percentage 
Method 

Lookup table for 2 
vertically spaced openings 
for buoyancy driven 
ventilation.  Compliance 
based on pre-analysis of 
generic spaces. 

Prescriptive 
Multi-zone 
single cell 
buildings 

Proposed Addendum (DA-71) to 
ASHRAE Standard 62.1: Path B  

Iterative Calculation 
Method based on 
CIBSE (2005) Section 
4.3 

Buoyancy, Wind, 
Buoyancy+ Wind 
Ventilation sub paths 
available 

Engineered 
System 
Performance 
Multi-zone 

ASHRAE Standard 62.1 2016 
(ASHRAE 2016b) 
An engineered natural ventilation is 
allowed by exception in Section 6.4, 
Exception 1 is allowed by the authority 
having jurisdiction. 

Performance-based 
Calculation to show 
equivalency to 
Prescriptive Minimum 
Ventilation Rate 
requirements in Table 
6.2.2.1 

Computer-based dynamic 
heat transfer and bulk 
airflow modeling tools for 
simulation of building 
physics related to natural 
ventilation airflow 

Prescriptive 
Single zone 

2016 California Title 24-Part 6 (Energy 
Code),  
which conflicts with 2016 California 
Title 24 Part 4 (Mechanical Code)  

5% Total Opening 
Method 
 
4% Total Opening 
Method 

Historical Rules of Thumb 

Prescriptive 
Single zone 

Military Handbook, Cooling Buildings 
by Natural Ventilation, MIL-HDBK-
1011/2, 31 January 1990 

Wind-Driven Method Wind-Driven ventilation 
only. 

 
WIND AND THERMAL BUOYANCY FORMULAS TO DETERMINE AIRFLOW THROUGH AN 
OPENING 
The two driving forces producing natural ventilation in a building are wind pressure and thermal buoyancy (the 
stack effect).   For Wind-Driven Ventilation, for space with at least two openings, assuming inlet and outlet areas are 
equal, Simplified Wind-Driven Ventilation Equations can be used.  For a space with only a single opening, apply a 
Cv = 0.02 to these same calculations to reflect the significantly reduced effectiveness of the opening.  For thermal 
buoyancy driven ventilation, if there is no significant internal resistance due to a partitioned interior, and assuming 
indoor and outdoor temperatures are close to 80°F (26.7°C) and inlet and outlet openings are equal, the flow due to 
stack effect is determined by calculations. 
 



ASHRAE 62.1-2016 (ASHRAE 2019) provides a prescriptive regulation on the sizing of openings, which considers 
the fact that the historical rule of thumb of 4% of floor area does not appear to have recorded scientific basis.   
ASHRAE 62.1 (2019), section 6.4.2 provides two paths for sizing the openings, known as Path A and Path B 
respectively.  These are limited to single zone natural ventilation schemes only.  Both paths refer to the minimum 
ventilation flow rates required under section 6.2.2.1 as the criterion that must be met through either path.  Minimum 
Ventilation Rates shown in Table 6.2.2.1.  
Path A uses a set of look up tables and figures to represent pre-processed analysis of typical room types.  The 
designer enters the room’s required minimum ventilation into the calculation methodology and the calculation 
returns a minimum opening size and height differential.  This path sizes openings on a buoyancy driven flow only 
but allows that wind-driven flow is possible so long as minimum flowrate can be guaranteed.  Path A uses the 
terminology “DENSE” to represent high occupancy density such as in a classroom, and “not dense” to represent 
lower occupancy density such as in an office building.   
Path B is essentially the use of CIBSE AM10 (CIBSE 2005) Section 4.3 to perform single cell envelope flow model 
calculations to demonstrate how opening sizes and locations meet the minimum flow rate from ASHRAE Standard 
62.1 Section 6.2.2.1.   
 
The present 62.1 standard, includes the following guidance notes: 
 
6.4 Natural Ventilation Procedure. Natural ventilation systems shall comply with the requirements of either 
Section 6.4.1 or 6.4.2. Designers shall provide interior air barriers, insulation, or other means that separate naturally 
ventilated spaces from mechanically cooled spaces to prevent high-dew-point outdoor air from coming into contact 
with mechanically cooled surfaces. 
 
6.4.1 Prescriptive Compliance Path. Any zone designed for natural ventilation shall include a mechanical 
ventilation system designed in accordance with Section 6.2, Section 6.3, or both. 
 
Exceptions to 6.4.1: 
1. Zones in buildings that have all of the following: 

a. Natural ventilation openings that comply with the requirements of Section 6.4.1. 
b. Controls that prevent the natural ventilation openings from being closed during periods of expected occupancy, 
or natural ventilation openings that are permanently open. 

2. Zones that are not served by heating or cooling equipment. 
 
6.4.1.1 Ceiling Height. For ceilings that are parallel to the floor, the ceiling height (H) to be used in Sections 6.4.1.3 
through 6.4.1.5 shall be the minimum ceiling height in the zone. For zones wherein ceiling height increases as 
distance from the ventilation increases, the ceiling height shall be the average height of the ceiling determined over a 
distance not greater than 6 m (20 ft) from the openings. 
 
6.4.1.2 Floor Area to be Ventilated. The naturally ventilated area in zones or portions of zones shall extend from 
the openings to a distance determined by Sections 6.4.1.3, 6.4.1.4, or 6.4.1.5. Openings shall meet the requirements 
of Section 6.4.1.6. For zones where ceilings are not parallel to the floor, the ceiling height shall be determined in 
accordance with Section 6.4.1.1. 
 
6.4.1.3 Single Side Opening. For zones with openings on only one side of the zone, the naturally ventilated area 
shall extend to a distance not greater that two times the height of the ceiling from the openings. 
 



 
Figure 1 shows the one-sided natural ventilation alternatives as shown in CIBSE AM 10 Natural Ventilation Guide. 

6.4.1.4 Double Side Opening. For zones with openings on two opposite sides of the zone, the naturally ventilated 
area shall extend between the openings separated by a distance not greater than five times the height of the ceiling. 

 
Figure 2 shows the two-sided natural ventilation alternative as shown in CIBSE AM 10 Natural Ventilation Guide. 

6.4.1.5 Corner Openings. For zones with openings on two adjacent sides of a zone, the naturally ventilated area 
shall extend to a distance not greater than five times the height of the ceiling along a line drawn between the outside 
edges of the two openings that are the farthest apart. Floor area outside that line shall comply with Section 6.4.1.3 as 
a zone having openings on only one side of the zone. 
Informative Note: Floor area outside that line refers to the remaining area of the zone that is not bounded by the 
walls that have the openings and the line drawn between the openings. 
 
6.4.1.6 Location and Size of Openings. Zones or portions of zones to be naturally ventilated shall have a 
permanently open airflow path to openings directly connected to the outdoors. The minimum flow rate to the zone 
shall be determined in accordance with Section 6.2.1.1. This flow rate shall be used to determine the required 
openable area of openings, accounting only for buoyancy-driven flow. Wind-driven flow shall be used only where it 
can be demonstrated that the minimum flow rate is provided during all occupied hours. Openings shall be sized in 
accordance with Section 6.4.1.6.1 (Path A) or Section 6.4.1.6.2 (Path B). 
 
The Prescriptive Path requires the designer to prescribe openings and a percentage of the floor are and limits the 
effective area that a prescriptive path designed system can cover. There are accounts for outside temperatures or 
wind conditions associated with this method. Spaces designed using the Prescriptive Path will function, however, 
there is no indication of when and for how long. 
 
ENGINEERED NATURAL VENTILATION SYSTEMS 
ASHRAE Standard 62.1 (ASHRAE 2019) minimum ventilation requirements are determined from their 
respective minimum ventilation air rates.  The calculated air flow derived through an engineered natural 
ventilation system approach is compared to these minimum values.  If the calculated air flow is lower than 
the minimum compliance air flow, then the openings can be adjusted until minimum compliance values are 
achieved.   
These models should be suitable for annual simulations and for coupling with dynamic thermal models. 



 
The following steps could be taken to dynamically model natural ventilation in iteration to size the openings 
for compliance: 
1. Construct a scale model of the space in simulation tool 
2. Locate the correct geographical locations of the space and the correct weather file. 
3. Build the correct sized openings together with the correct Cp value for the openings in the model based on 

one of the prescriptive methods of sizing openings. 
4. Select either buoyancy driven, wind driven or buoyancy and wind analysis. 
5. Run at least a representative date in each season across a full diurnal cycle, inclusive of summer and winter 

design conditions, as a representative view of performance across the year. 
6. Review results to determine whether the design achieves the minimum compliance with the reference 

standard.   
7. Use the results to adjust the designs, such as size and position of openings, until compliance is achieved 

with adequate window opening sizes. 
8. Provide results of the dynamic analysis which show temperatures across the floor plane, space humidity 

levels across the floor plane, the number of air changes in the space and space surface temperatures. 
9. The results of an engineered Dynamic Path analysis provide clear guidance to the designer on how to prove a 

naturally ventilated system provides adequate ventilation, space temperatures and occupant comfort as well as a 
surface condensation analysis 

 
ENERGY MODELING FOR NATURAL VENTILATION IN ASHRAE STANDARD 90.1-2019 
When natural ventilation or natural conditioning is proposed as a solution, it is often done as a means of energy 
savings.  When a design team is trying to show compliance with ventilation and comfort, it also needs to ensure that 
compliance with energy code or energy performance criteria is also documented.  This section addresses the nuances 
of managing a natural ventilation model through an ASHRAE Standard 90.1-2019. Appendix G process, the 
governing standard for several jurisdictions for demonstrating performance-based compliance with an energy code 
as well as LEED® (USGBC 2013) compliance for Minimum Energy Performance as noted below. 
 
The ASHRAE Standard 90.1 User Manual (ASHRAE 2017d p.404) identifies that some allowance for natural 
ventilation is allowed under the Performance Rating system if the building does not have a mechanical cooling 
system, but that under the Energy Cost Budget Method both the proposed and the design models are assumed to be 
air-conditioned.  It should be noted that USGBC LEED® v4 (USGBC 2013) only recognizes the Performance 
Rating system, which has very specific requirements. 
 
Justification and Value to ASHRAE 
There is presently a lack of information in ASHRAE handbooks and Standards. The ASHRAE Natural Ventilation 
Design Guide is being prepared for publication, this design guide uses the compliance required by ASHRAE 
Standard 62.1, section 6.4, of which the 2H and 5H dimensions are still limitations.  
 
The results of this proposed research will provide useful data for ASHRAE Fundamentals, Chapter 16, Ventilation, 
and Infiltration as well as the ASHRAE Standard 62.1, user’s manual. 
 
Objectives 
Task 1.  the simulation models. 

a. set up of model in the computer program. 
b. Define the openings both single side and double sided. 

Task 2. Climate data 
a. setup ambient temperature weather data for each climate zone 
b. set up ambient wind data for each climate zone. 

Task 3. simulation runs. Run models for each of the seven ASHRAE and IECC climate zones:  
Task 4. Analysis (for suitable months). Results to be provided in tabular form for the following: 

a. One sided opening 
b. Two sided openings 
c. Buoyancy driven ventilation. 
d. Wind driven ventilation.  

Task 5. Results, will include: 



a. Space temperatures 
b. Air change rates 
c. Ventilation effectiveness (as defined by CIBSE table 1-10 or other) 
d. Define the effective length of ventilation effectiveness in the space. 

Task 6. PMSC review 
Task 7. Prepare deliverables. 

a. Draft report / papers 
b. Final report / paper(s) 

 
Validation of the 2H and 5H dimensions as well as 4% floor area compliance and to determine ventilation 
effectiveness of naturally ventilated spaces. 
 
The objective of this research is to quantify the present verification and possible limitations on ventilation 
distribution in a naturally ventilated space, currently ventilation distances are limited to 2H and 5H (where H is the 
height of the space) for one sided and two sided openings respectively and to quantify the area of openings, these 
openings are currently quoted at 4% of the floor area as presently prescribed in Standard 62.1, section 6.4 (CEC T-
24 has a 5% floor area criteria), with no calculations to substantiate the prescribed dimensions. The substantiated 
values from this proposed research can be included in Standard 62.1, section 6.4 (and CEC T-24) to assist designers 
and reviewers of naturally ventilated spaces and to provide more accurate documents. 
 
Not only will the dimensions and sizes be substantiated but also the ventilation distribution and ventilation 
effectiveness of natural ventilation in a space can be determined from the newly researched distances and sizes. 
If a space has 10 ft (3.3 m) ceiling, then 2H would be 20ft (6.6 m) and 5H would be 50 ft (16.5 m). 
Going through the various literature sources we can find no calculations that support the distances and sizes shown 
in the standard. In fact, the CIBSE AM 10 documents say these distances and sizes are “rules of Thumb”. An 
explanation here is that AM10 refers to BRE Digest 399 which in turn refers to equations in BS5925 but that no link 
is made between the theory and the rules of thumb. This proposed research aims at investigating the limitations of 
2H and 5H. 
 
Ventilation Effectiveness 
Ventilation Effectiveness for a naturally ventilated space will be determined from the results of the proposed 
analysis. For a naturally ventilated space ventilation effectiveness refers to the air movement within the space and 
NOT contaminants. Using the air change rates derived from natural ventilation calculations a ventilation 
effectiveness table will be available for ASHRAE Standard 62.1 like the CIBSE Guide A (2006), Environmental 
criteria for design, Table 1.10. 
 
Humidity conditions in a naturally ventilated space 
Further research on the humidity conditions in a naturally ventilated space will be part of this proposal. Using annual 
weather data, Engineered and dynamic analysis of space conditions such space surface temperatures and space 
dewpoint temperatures will be produced to allow investigations into possible condensation risk in the space. This 
data can be used to substantiate the present maximum relative humidity levels in a space of 65% as presently 
recommended in Standard 62.1. By comparing space dewpoint conditions to the surface temperatures of the spaces 
being analyzed it will be possible to see if condensation will take place. Condensation could lead to mold and 
mildew growth. 
 
Scope: 
This will be an analysis of a naturally ventilated space (i.e., a shoebox model see figure 3), analyzing various 
opening dimensions, openings on both sides of the space and openings on one side, for buoyancy, and wind 
driven ventilation. 
 
Different types of openings will be investigated, such as single opening with two-way flow, two openings on 
one side and single openings on opposite sides. 
 
There is a vast array of prediction, sizing, and calculation techniques available for undertaking ventilation 
performance analysis and design.  
 



Results will include investigations into the 2H and 5H dimensions as well as applications of 4% and 5% floor 
area compliance, for different room lengths to investigate air movement. 
 
The following minimum results shall be provided: 

• One sided opening 
• Two sided openings 
• Buoyancy driven ventilation. 
• Wind driven ventilation.  

 
The following are to be investigated: 

• Space dry bulb temperatures 
• Space wet bulb temperatures 
• Space surface temperatures 
• Space air change rates 
• Space humidity conditions  
• Space dewpoint temperatures 
• Temperature and humidity distribution numerically mapped across the floor of the space. 
• Ventilation effectiveness (as defined by CIBSE table 1-10 or other) 

• Define the room length where ventilation effectiveness is present in the space. 

The results should be in numerical form. 
 
Results are to be provided for each of the seven climate zones defined by ASHRAE and the IECC. 
 
For the locations listed investigations into space humidity levels in naturally ventilated spaces should be 
provided. Information from this investigation can be used in Standard 62.1 to substantiate maximum 
allowable humidity conditions and check for condensation risk. 

Methodology  
The results requested in this work statement can be obtained when using one of more of the following commercially 
available programs: 

• DesignBuilder 
• IES 
• Contam 
• Coolvent 
• OASYS 

 
A space such as a single office or a typical classroom (see other information to bidders) should be constructed 
in a dynamic simulation module. Openings will be placed either on one side or on both sides of the space. 
The openings will be dimensioned and have Cp values as prescribed in the AIVC guide. 
Buoyancy driven ventilation will be first studied for a one-sided opening and then for two sided openings, 
using annual weather data for each chosen location. 
 
Analysis will then be repeated for Wind driven ventilation. 
 
Please note: The ventilation effectiveness investigated here is the distance from the opening to a point 
where the air no longer moves within the space. 
 
The length of the simulation model should be increased incrementally until the results fail. Failure is defined 
as that depth at which temperature degradation occurs or no air movement is found. The analysis should 
verify the 2H and 5H limits in Section 5.4 of standard 62.1. 
Ventilation effectiveness can be obtained by analyzing the air change rate in the spaces. 



 
Figure 3 shows the wire frame model of the spaces being investigated. 
The space shown in Figure 3 are 2.5 m wide, 2.5m high and 5m long. During the analysis, the space length 
will be increased to investigate the percentage of floor area relationship to ventilation effectiveness. 
As shown in figure 3 the space under investigation is surrounded by adjacent spaces so the heat transfer 
between the spaces is adiabatic. Foe each investigation the exterior wall areas and constructions will be 
identical for each case. This research is to study air movement and not energy transfer. 
 
Some very preliminary results 0.125m2 openings, space length= 5m 

 



Figure 4 shows the ventilation rates through the space for the month of September. 
The maximum number of air changes is 2.5 for this month of September. The erratic pattern shown in figure 
4 is due to the window being closed when the space is occupied. The air change rate will be expressed as 
ventilation effectiveness in the results. 
Other months should be investigated to analyze the performance of the natural ventilation openings at 
different climatic conditions. 

 
Figure 6 shows the internal surface temperatures for the month of September when the space is naturally ventilated. 

For a condensation risk analysis, we need the dynamic surface temperatures of all space surfaces. If space dewpoint 
temperature, for each hour stays above the surface temperatures there will be no condensation. 

 



Figure 7 shows the ventilation effectiveness of the space when naturally ventilated through a 0.625m2 two-way single 
opening. 

Figure 7 shows the ventilation effectiveness when calculated using the CIBSE method. This proposed 
research will use the formula as shown above for ventilation effectiveness. 
 
Deliverables:  
A guidance document to Standard 62.1 shall be provided that gives mathematically substantiated space depth and 
opening sizes that designers can use to successfully design naturally ventilated spaces and can be incorporated in 
ASHRAE Standard 62.1, section 6.4, for compliance. 
Results will include investigations into the 2H and 5H dimensions as well as applications of 4% and 5% floor 
area compliance, for different room lengths to investigate air movement. 
 
The following minimum results shall be provided: 

• One sided opening 
• Two sided openings 
• Buoyancy driven ventilation. 
• Wind driven ventilation.  

 
The following are to be investigated: 

• Space dry bulb temperatures 
• Space wet bulb temperatures 
• Space surface temperatures 
• Space air change rates 
• Space humidity conditions  
• Space dewpoint temperatures 
• Temperature and humidity distribution numerically mapped across the floor of the space. 
• Ventilation effectiveness (as defined by CIBSE table 1-10 or other) 

• Define the room length where ventilation effectiveness is present in the space. 

The results should be in numerical form. 
 
Results are to be provided for each of the seven climate zones defined by ASHRAE and the IECC. 
 
For the locations listed investigations into space humidity levels in naturally ventilated spaces should be provided. 
Information from this investigation can be used in Standard 62.1 to substantiate maximum allowable humidity 
conditions and check for condensation risk. 
 
Interim Deliverables  
During this effort, the contractor shall provide a proposed guidance document to substantiate section 6.4 of 
ASHRAE Standard 62.1 for review by a project monitoring subcommittee (PMS) established by ASHRAE. The 
review committee shall approve each document listed below in a timely manner prior to initiation of the succeeding 
document. These documents shall be delivered to the committee according to a schedule that must be included in the 
contractor's proposal.  

1. An outline (final, detailed table of contents) of proposed guidance document Due 2 weeks after award of 
contract.  

2. A 50% complete draft of proposed guidance document due 5 months after approval of outline. The PMS 
will judge the fraction complete by quality and amount of work product received.  

3. Monthly progress reports and at ASHRAE Annual and Winter Conferences.  
4. A 90% complete draft of the proposed guidance document, with changes tracked for ease of review, due 9 

months after approval of outline. The PMS will judge the fraction complete by quality and amount of work 
product received.  

 
 
 



b. Final deliverables  
To fulfill the contract, the contractor must submit the following within 11 months of award of contract. All final 
deliverables must comply with ASHRAE Author Guidelines.  

1. Printer‐Ready File  
2. Complete document files as noted below (Native Files)  
3. Suggested Back cover text.  
4. Suggested Front cover design.  
5. Appropriate front matter, including a correct table of contents.  
6. Text and appendices (exactly corresponding to the hard copy format) in an electronic format specified by 

ASHRAE Publications.  
7. Illustrations, tables, and all other artwork in camera‐ready form (as specified in ASHRAE Author’s 

Manual)  
8. All other materials necessary for a complete publication  
9. Letters of permission, for document, any copyrighted material, and all artwork  

 
Native File for Editing and Layout  
All of the text (including front matter, table of contents, any back matter such as an index, etc.) in Word. The Word 
file(s) must be free of conditional text, line numbers, track changes, and cross references.  
 
The document must be in dual units.  
Tables must be noted in the text (where they go) and numbered consecutively as they appear in the text. All tables 
must be Word or Excel tables they CANNOT be unalterable images of tables. All table titles should be descriptive 
but concise, and each column should be labeled with a heading and include units of measurement and other 
necessary qualifying information; dual units must be provided for all measurements. In creating tables, the authors 
should use only 1 point (0.014 in. [0.355mm]) or thicker lines. Figures must be noted in the text (where they go) and 
numbered consecutively as they appear in the text, but the actual figures themselves must be provided to ASHRAE 
as individual TIF or EPS files in Grayscale mode saved at high resolution (600 dpi or greater) and at least 4 in. size 
or greater. All figure files should be clearly labeled. In creating figures, the authors should use only 1 point (0.014 
in. [0.35 mm]) or thicker lines—smaller lines will not reproduce well. The figures will be reproduced in black and 
white, so they should employ patterns or shapes to distinguish sections instead of coloring and shading. Each figure 
should have a brief legend or descriptive labels, as appropriate. Any text included in a figure (except the figure 
caption) should be embedded as part of the image file and not contained in a separate text box that is not part of the 
image file; captions should NOT be part of the image file. All figures should be provided in dual units, like the text. 
Providing two graphics for each figure – one in I‐P units and one in SI units – is acceptable; such figures must be 
supplied as one TIF or EPS file with both graphics included in the one image file.  
 
Works cited in the text must have reference list entries in footnotes or a references section at the end of the 
document. ASHRAE uses the author‐date citation method.  
 
The authors of the text would need to obtain permission to reprint any images that they want to use from another 
source; ASHRAE will not obtain permissions for them.  
The text and figures must comply with ASHRAE’s commercialism policy 
(http://www.ashrae.org/publications/detail/14689.  
Final submission of the completed book must include.  

• a CD with the manuscript in Word and the figure TIFs or EPSs,  
• a printout of the complete manuscript (text, tables, and figures), and  
•  contact information for the authors in case we have questions as we edit/lay out the book.  

 
Progress, Financial and Final Reports, Technical Paper(s), and Data shall constitute the deliverables (“Deliverables”) 
under this Agreement and shall be provided as follows: 
 
c. Progress and Financial Reports 
 
 Progress and Financial Reports, in a form approved by the Society, shall be made to the Society through its 

Manager of Research and Technical Services at quarterly intervals; specifically on or before each January 1, 
April 1, June 10, and October 1 of the contract period. 



 
The following deliverables shall be provided to the Project Monitoring Subcommittee (PMS) as described in 
the Scope/Technical Approach section above, as they are available: 

  
 Furthermore, the Institution’s Principal Investigator, subject to the Society’s approval, shall, during the period 

of performance and after the Final Report has been submitted, report in person to the sponsoring Technical 
Committee/Task Group (TC/TG) at the annual and winter meetings, and be available to answer such questions 
regarding the research as may arise. 

 
d.       Final Report 
 

A written report, design guide, or manual, (collectively, “Final Report”), in a form approved by the Society, shall 
be prepared by the Institution and submitted to the Society’s Manager of Research and Technical Services by the 
end of the Agreement term, containing complete details of all research carried out under this Agreement, 
including a summary of the control strategy and savings guidelines. Unless otherwise specified, the final draft 
report shall be furnished, electronically for review by the Society’s Project Monitoring Subcommittee (PMS). 

 
Tabulated values for all measurements shall be provided as an appendix to the final report (for measurements 
which are adjusted by correction factors, also tabulate the corrected results and clearly show the method used 
for correction). 

 
 Following approval by the PMS and the TC/TG, in their sole discretion, final copies of the Final Report will be 

furnished by the Institution as follows: 
 
 -An executive summary in a form suitable for wide distribution to the industry and to the public. 
  -Two copies; one in PDF format and one in Microsoft Word. 
 
e. Science & Technology for the Built Environment or ASHRAE Transactions Technical Papers 
 

One or more papers shall be submitted first to the ASHRAE Manager of Research and Technical Services 
(MORTS) and then to the “ASHRAE Manuscript Central” website-based manuscript review system in a 
form and containing such information as designated by the Society suitable for publication. Papers 
specified as deliverables should be submitted as either Research Papers for HVAC&R Research or 
Technical Paper(s) for ASHRAE Transactions.  Research papers contain generalized results of long-term 
archival value, whereas technical papers are appropriate for applied research of shorter-term value,  
ASHRAE Conference papers are not acceptable as deliverables from ASHRAE research projects. The 
paper(s) shall conform to the instructions posted in “Manuscript Central” for an ASHRAE Transactions 
Technical or HVAC&R Research papers. The paper title shall contain the research project number (1918-
RP) at the end of the title in parentheses, e.g., (1918-RP). 
 
All papers or articles prepared in connection with an ASHRAE research project, which are being submitted 
for inclusion in any ASHRAE publication, shall be submitted through the Manager of Research and 
Technical Services first and not to the publication's editor or Program Committee. 
 

f. Data 
 

Data is defined in General Condition VI, “DATA” 
 
g. Project Synopsis 
 

A written synopsis totaling approximately 100 words in length and written for a broad technical audience, 
which documents 1. Main findings of research project, 2. Why findings are significant, and 3. How the 
findings benefit ASHRAE membership and/or society in general shall be submitted to the Manager of 
Research and Technical Services by the end of the Agreement term for publication in ASHRAE Insights 

 
The Society may request the Institution submit a technical article suitable for publication in the Society’s ASHRAE 
JOURNAL. This is considered a voluntary submission and not a Deliverable. Technical articles shall be prepared 



using dual units; e.g., rational inch-pound with equivalent SI units shown parenthetically. SI usage shall be in 
accordance with IEEE/ASTM Standard SI-10. 
 
Level of Effort: 

Task Month 

1 2 3 4 5 6 7 8 9 10 

Task 1.  the simulation model                     

a. set up of model in the computer program x                   

b. Define the openings both single side and 
double sided 

x                   

Task 2. Climate data                     

a. setup ambient temperature weather data for 
each climate zone 

x                   

b. set up ambient wind data for each Climate 
zone 

x                   

Task 3. simulation runs                     

Run models for each of the seven ASHRAE and 
IECC climate zones:  

  x x x             

Task 4. Analysis (for suitable 
months) 

      x x x x       

Analysis of the following:       x x x x       

a. One sided opening       x x x x       

b. Two sided openings       x x x x       

c. Buoyancy driven ventilation       x x x x       

d. Wind driven ventilation.        x x x x       

Task 5. Results                     

a. Space temperatures               x x   

b. Air change rates               x x   

c. Ventilation effectiveness (as defined by 
CIBSE table 1-10 or other) 

              x x   

d. Define the effective length of ventilation 
effectiveness in the space. 

              x x   

Task 6. PMSC review       x         x x 

Task 7. Prepare deliverables                     

a. Draft report / papers       x         x x 

b. Final report / paper(s)       x         x x 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Breakdown of hours 
  PI Students 

Task 1.  the simulation model  $   6,000.00    

Task 2. Climate data  $   4,800.00    

Task 3. simulation runs  $ 12,000.00    

Task 4. Analysis (for suitable months)   $ 38,400.00  

Task 5. Results   $ 19,200.00  

Task 6. PMSC review  $   4,800.00    

Task 7. Prepare deliverables  $   7,200.00    
   $ 34,800.00   $ 57,600.00  

Cost 
Details of Financial Support:   Person Months  
a) Professional Salaries  $    34,800.00  2 
b) Research Assistants  $    57,600.00  5 
c)   Equipment    
d)   Supplies & Materials  $      1,000.00    
         
e) Computer Costs  $      1,000.00    
f)   Travel & Communications  $      1,000.00    
     
g) Total Direct Costs  $    95,400.00    
h)  Indirect Costs (10 %)  $      9,540.00    

TOTAL  $ 104,940.00    
 
Other Information to Bidders (Optional): 
Appendix: Examples of a Single Office and a Typical Classroom 
Typical Office Example (SI) An example is provided to outline possible example of a single office analysis and is 
only provided as a guide the contractor may provide their own example. 

 



Figure 1 shows an office model for the examples shown in this appendix. 

The yellow patch shown in figure 1 shows the sun path within the space. 
space L (m) B (m) H (m) floor 

area 
(m2) 

volume 
(m3) 

glazed 
area 
(m2) 

Nat Vent 
openings 
(m2) 

heat 
loss 
(W) 

heat 
gain 
(W) 

ASHRAE 62.1 
Vent 
requirements 
(l/s) 

T-24 
Ventilation 
requirements 
(l/s) 

office 5.5 3.6 4.2 19.8 84.1 5.5 0.9 -398 2,028 12 15.2 
Table 1 shows the room data for the office space being used for this analysis. 

Possible assumptions regarding building envelope are as follows: 
The space is 3.6m wide, 4.2m high and 5.5m deep.  For the purposes of the analysis model, surface 2 is the external 
south-facing wall that contains the operable window identified as surface 7 below.  The yellow patch shown in the 
figure above shows the sunpath within the space for reference. 
Calculate the heat gain to the space through the building envelope. For this example, the outside dry bulb 
temperature is 36.6 C, and the inside operating temperature is 23.3 C. From the classic U* A *ΔT = W.  (it is 
assumed that the surrounding spaces are all operated at the same temperatures and therefore there are no heat gains 
or losses from the surroundings) 
Calculate the solar radiation to the space, we are assuming a glazing area of 40% (in accordance with ASHRAE 
Standard 90.1, 2013 of the exterior walls (6.4 m2)), a solar heat gain coefficient (SHGC) = 0.25 and a solar radiation 
to the south facing window in June to be 674 W/m2  
Therefore, the solar radiation load to the space is 6.4*0.25*674 = 1,082 W 
Surface Area R value U value Tilt Orientation Type Boundary temp on 

other side 
space 
temp 

ΔT Heat gain 
Across wall 

No (m²) (m2.k/W) (W/m2. K) (°) (°) 
  

C C K W 
1 19.8 0.3 3.29 180 0 Int solid Adjacent 23.3 23.3 0 0 
2 9.0 2.9 0.34 90 180 Ext solid Normal 36.6 23.3 13.3 40.7 
3 23.1 2.9 0.34 90 90 Int solid Adjacent 23.3 23.3 0 0 
4 15.4 2.9 0.34 90 0 Int solid Adjacent 23.3 23.3 0 0 
5 23.1 2.9 0.34 90 270 Int solid Adjacent 23.3 23.3 0 0 
6 19.8 0.3 3.29 0 270 Int solid Adjacent 23.3 23.3 0 0 
7 6.4 0.7 1.53 90 180 Ext glass Normal 36.6 23.3 13.3 130.7           

 Total 171.3 
Table 2 shows the room data for the office space being used for this example. 

The percentage of surface 2 that is glazed will vary, depending on the analysis, as numerous sensitivity analyses are 
provided.  Similarly, the solar heat gain coefficient (SHGC) of the glazing is typically stated as part of the analysis 
description within each run.  It is typically one of the following. 

- SHGC = 0.25 
- SHGC = 0.375 
- SHGC = 0.5 

The assumptions regarding heating and cooling loads are as follows: 
    Office Winter Office Summer 
OUTDOOR DESIGN CONDITION   
Outdoor temperature -10 36 
FAÇADE GEOMETRY 

  

Ceiling Height (m) 4.2 4.2 
Room Length (m) 3.6 3.6 
Window Height from Sill (m) 1.8 1.8 
Sill Height (m) 0.9 0.9 
Window Width (m) 3 3 
Window-to-Wall Ratio (%) 42 42 
Window Separation (m) 0.6 0.6 
FACADE PERFORMANCE 

  

Window U-Value (W/m2. K) 1.588 1.588 
Wall R-Value (m2.K/W) 0.6 0.6 
INDOOR CONDITIONS 

  

Indoor Temperature (°C) 20 26 
Relative Humidity (%) 20 50 
Air Speed (m/s) 30 30 



Clothing (clo) 1 0.85 
Metabolic Rate (met) 1 1 
Occupants   70W ea 70W ea 
Table 3 Typical input values for the example. 

Calculate the space internal loads, the loads consist of: 
• Lighting 
• Plug loads 
• Occupants 

For present day designs the lighting and plug loads are significantly reduced. 
 
Load 

 
W/m2 

 

Lighting 
 

6 
 

Plug Load 
 

10 
 

Table 4 shows the lighting and plug loads for the example calculations. 

As the space floor area is 19.8 m2, the following lighting and plug loads are calculated and shown in table A1-1-5. 
Load Floor area (m2) W/m2  Total W 
Lighting 19.8 6 118.9 
Plug Load 19.8 10 198.2    

317 
Table 5 shows the difference in lighting and plug loads for traditional and net zero calculations per space floor area. 

There are 2 occupants at 70 W pp which provide a heat load to the space of 140W.  
Net Zero Cooling Load 

envelope load 171.3 
Solar gain 1082 
Lighting 118.9 
plug loads 198.2 
occupants 140 

Total (W) 1711 
Table 6 shows the cooling load for the example space. 

The naturally ventilated office is assumed to be possibly occupied from 7 am through 19:00 pm, five days a week. 
The analysis can be carried out for selective months. 

Ventilation requirements 
Minimum ventilation air is required to comply with ASHRAE Standard 62.1 requirements. The following minimum 
outdoor air supply volumes are required: 
Minimum ventilation air as required under Table 6.2.2.1 for an office space would be as noted in the table below, 
assuming 2 people in a 216 ft2 (20m2) space.  It should be noted that in ASHRAE Standard 62.1, the area-based 
result and the occupancy-based results are added, whereas in California Title 24, one selects the higher of the two.  
Refer to Appendix A5.4 for the chart of area- and occupancy-based requirements for ASHRAE Standard 62.1 
related to office and classroom type occupancies. 
 
Criteria Occupancy based 

minimum 
ventilation 

Area based 
minimum 
ventilation 

Calculation Results 

ASHRAE Standard 
62.1 

2.5L/s/ person* 0.3 L/s/m2 2p x 2.5 L/s/person+ 0.3L/s/m2*20m2 12 L/s 

California Title 24 7.0 L/s/person 0.76 L/s/m2 Higher of: 
0.76 L/s/m2*20m2=15.2 L/s        or 
2p x 7.0 L/s/person = 14 L/s) 

 
15.2 L/s 

*Note: this value is directly from ASHRAE 62.1-2017 (ASHRAE 2016a) and does not reflect a direct conversion from the IP value. 
Table 7 Minimum ventilation calculations for Example Office. 

Occupant Met Rate assumed to be 1.0 as described within the relevant analysis. 
Occupant clo assumed to be 0.85-1.0 clo as described within the relevant analysis. 



 
Typical Classroom Example (SI) 

 
Figure 2 shows the rectangular classroom model used for the examples in this appendix. 

The yellow patch shown in figure 2 shows the sun path within the space. 
space L (m) B (m) H (m) floor 

area 
(m2) 

volume 
(m3) 

glazed 
area 
(m2) 

Nat Vent 
openings 
(m2) 

heat 
loss 
(W) 

heat 
gain (W) 

ASHRAE 62.1 
Vent 
requirements 
(l/s) 

T-24 Ventilation 
requirements 
(l/s) 

office 9.1 9.1 4.2 82.6 351 15.4 5.1 -970 6,090 204 217 
Table 8 shows the room data for the office space for this example. 

The space is 9.1m wide, 4.2m high and 9.1m deep. The floor area is 82.6m2 and the room volume is 351m3. 

The bottom operable window is 8.5m wide and 0.3m high, the middle-fixed window is 8.5m wide and 1.8m high 
and the top operable window is 8.5 wide and 0.3m high. 
Heat load to the space 
Calculate the heat gain to the space through the building envelope. For this example, the outside dry bulb 
temperature is 36.6 C, and the inside operating temperature is 23.3 C. From the classic U* A *ΔT = W. (it is 
assumed that the surrounding spaces are all operated at the same temperatures and therefore there are no heat gains 
or losses from the surroundings) 
Calculate the solar radiation to the space, we are assuming a glazing area of 40% (in accordance with ASHRAE 
Standard 90.1, 2013 of the exterior walls (42m2)), a solar heat gain coefficient (SHGC) = 0.25 and a solar radiation 
to the south-facing window in June to be 674 W/m2.  
Therefore, the solar radiation load to the space is 15.4*0.25*674 = 2,597 W. 
 
Surface Area R-value U value Tilt Orientation Type Boundary temp 

on 
other 
side 

space 
temp 

ΔT 
across 
boundary 

Heat Gain 

No (m²) (m2.k/W) (W/m2. K) (°) (°) 
  

C C K W 
1 82.6 0.3 3.29 180 90 Int solid Adjacent 23.3 23.3 0                 -    
2 23.1 2.9 0.34 90 270 Ext solid Normal 36.6 23.3 13.3 104.5 
3 38.5 2.9 0.34 90 180 Int solid Adjacent 23.3 23.3 0                 -    
4 38.5 2.9 0.34 90 90 Int solid Adjacent 23.3 23.3 0                 -    
5 38.5 2.9 0.34 90 0 Int solid Adjacent 23.3 23.3 0                 -    
6 82.6 1.0 1.02 0 0 Ext solid Adjacent 23.3 23.3 0                 -    



7 15.4 0.6 1.588 90 270 Ext glass Normal 36.6 23.3 13.3 325.5           
total 430 

Table 9 shows typical heat gain calculations for the room envelope. 

The percentage of surface 2 that is glazed will vary, depending on the analysis, as numerous sensitivity analyses are 
provided.  Similarly, the solar heat gain coefficient (SHGC) of the glazing is typically stated as part of the analysis 
description within each run.  It is typically one of the following. 

- SHGC = 0.25 

- SHGC = 0.375 

- SHGC = 0.5 

The assumptions regarding heating and cooling loads are as follows: 
OUTDOOR DESIGN CONDITION Classroom Winter Classroom Summer 
Outdoor temperature -10 36 
FAÇADE GEOMETRY 

  

Ceiling Height (m) 4.2 4.2 
Room Length (m) 9.1 9.1 
Window Height from Sill (m) 2.4 2.4 
Sill Height (m) 0.9 0.9 
Window Width (m) 8.5 8.5 
Window-to-Wall Ratio (%) 53 53 
Window Separation (m) 0.9 0.9 
FACADE PERFORMANCE 

  

Window U-Value (W/m2. K) 1.588 1.588 
Wall R-Value (m2.K/W) 0.6 0.6 
INDOOR CONDITIONS 

  

Indoor Temperature (°C) 20 26 
Relative Humidity (%) 20 50 
Air Speed (m/s) 30 30 
Clothing (clo) 1 0.85 
Metabolic Rate (met) 1 1 
Occupants 70W ea 70W ea 
Table 10 Typical input values for an analysis. 

Calculate the space internal loads, the loads that consist of: 
• Lighting 

• Plug Loads 

• Occupants 

For present-day designs, the lighting and plug loads are significantly reduced. 
Load W/m2 

 

Lighting 6 
 

Plug Load 10 
 

Table 11 shows the lighting and plug loads used for the example calculations. 

As the space floor area is 216 sf, the following lighting and plug loads are calculated and shown in table 12. 
Load Floor area 

(m2) 
W/m2  Total W 

Lighting 82.6 2.04 168.6 
Plug Load 82.6 3.4 281.0    

450 
Table 12 shows the lighting and plug loads used for the example calculations per space floor area. 



There are 31 occupants at 70W pp which provide a heat load to the space of 2170W. 
Envelope load 430 
Solar Gain 8,192 
Lighting 169 
Plug Loads 281 
Occupants 2,170 

total (W) 11,242 
Table 13 shows the Heat Gains for the classroom. 

A naturally ventilated classroom is assumed to be possibly occupied from 7 am through 19:00 pm, five days a week. 
The analysis was carried out for selective months. 
Ventilation requirements 
Minimum ventilation air is required to comply with ASHRAE Standard 62.1 ventilation requirements. The 
following minimum outdoor air supply volumes are required: 
Minimum ventilation air as required under Table 6.2.2.1 for an office space would be as noted in the table below, 
assuming 31 people in an 82.6 m2 space.  It should be noted that in ASHRAE Standard 62.1, the area-based result 
and the occupancy-based results are added, whereas, in California Title 24, one selects the higher of the two.   
Criteria Occupancy 

based minimum 
ventilation 

Area based 
minimum 
ventilation 

Calculation Results 

ASHRAE 
Standard 62.1 

5L/s/ person 0.6 L/s/m2  31p x 5 L/s/person+ 
0.6L/s/m2*82.6m2 

204 L/s 

California Title 
24 

7.0 L/s/person 0.76 L/s/m2 Higher of: 
0.76 L/s/m2*82.6m2=62.7 L/s        or 
31p x 7.0 L/s/person = 217 L/s) 

 
217 L/s 

*Note: this value is directly from ASHRAE 62.1-2019 and does not reflect a direct conversion from the IP 
value. 
Table 14 Minimum ventilation calculations for Example Office. 

Occupant Met Rate assumed to be 1.0 as described within the relevant analysis. 
Occupant clo assumed to be 0.85-1.0 clo as described within the relevant analysis. 
 
No. Proposal Review Criterion Weighting 

Factor 
1 Contractor’s understanding of Work Statement as revealed in proposal. 10 
2 Quality of methodology proposed for conducting research. 10 

3 Contractor’s capability in terms of facilities. 10 
4 Qualifications of personnel for this project. 20 
5 Student involvement. 10 
6 Probability of Contractor’s research plan meeting the objectives of the Work Statement. 30 
7 Performance of Contractor on prior ASHRAE or other projects. 5 
8 Other. 5 
 TOTAL SCORE (0-100) 100 
 COST TO ASHRAE / SCORED    POINTS ($/pt.)  
 
Project Milestones: 
 
No. 

 
Major Project Completion Milestone 

Deadline 
Month 

 
 
 

Set up of model in the computer program and define the openings both single side and double 
sided. Setup ambient temperature weather data for each climate zone and set up ambient wind 
data for each Climate zone 

1 

 Run models for each of the seven ASHRAE and IECC climate zones: 3 



 Analysis of the following: 
a. One sided opening 
b. Two sided openings 
c. Buoyancy driven ventilation. 
d. Wind driven ventilation.  
 
 

7 

 
 
 

Results of Analysis showing: 
a. Space temperatures 
b. Air change rates 
c. Ventilation effectiveness (as defined by CIBSE table 1-10 or other) 
d. Define the effective length of ventilation effectiveness in the space. 
 
 
 

9 

 PMSC reports and final report and documents 10 
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