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Learning Objectives

* Apply the appropriate codes and standards
when considering natural ventilation

e |dentify key steps in evaluating outdoor
conditions for supporting natural ventilation

* Evaluate internal and external heat gains to
determine whether natural ventilation can

provide sufficient cooling —\
AS}@AE
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Session Summary

e This session

will describe process of early

phase analysis that a design team can to test
whether natural ventilation is a feasible
comfort-conditioning system for a given

climate and
speaker will

Top 10 Feasi
Journal artic

ouilding configuration. The
ouild on her “Natural Ventilation
oility Questions” from an ASHRAE

e to cover compliance with

ASHRAE Standards 55 and 62.1 and a ASHRAE
discussion of the impact of climate chang%.
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By Erin McConahey, PE., Member ASHRAE

ith the nsing cost of energy, the drive towards im-
mew—d Indeor air qualkty, and the Industry’s adop-
tion of an adaptive comfort mode| for naturally conditioned
spaces, interest is growing among HVAC engineers to explore
how natural ventilation might best be reapplied in the build-

ing industry. This article presents an overview of ASHRAE

standards applicable 1o sp

S using natural ventlation
suggests an early-phase design decision-making methodol-
0gy, and then compares a collection of recent mued mode
projects that have applied some level of natural ventilation
within the San Francisco Bay area.
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Starting From the Beginning
Natural ventilation i not a new concepl. Indeed, it was the
primary method of ventilation and cooling for many centuries

From the wind-catching towers of fran to the termite mounds of

Zimbabwe, humians and snimals have hamessed nature’s wind
power and aie'’s buoyancy effects o drive flows of air through in-
ternal spaces. However, since the introduction of air-conditioning
by Willis Carrier’s 1906 patent, o half-dozen generations of
Americans have become accustomed 1o mechanical condition-
ing of indoor spaces. especially for large commercial buildings
Therefore, the reapplication of natural ventilotion into modern
bualdings requires care, mtentionahity, involvement of the chient
parties, and in particular. a full understanding of the most recent
ASHRAE standards: ANSUASHRAE Standard 62.1-2007, Fen-
fale and ANSUASHRAE

al Conditions for Hu-

tion for Aceep Indoor Air Qual,

Standard 55-2004, Thermal Environme:
y. Table I provides some key definitions related
to natural ventilation, as found primarily in these standards
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About the Author
Erin McConahey, PE., is an associte princgal n mechancal sngneenng at the
L Angeles office of Arup. a ghobal multidscipinary diign and consuling fiem
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 Table 4 Natural
Ventilation Top 10
Feasibility
Questions

e These were rules o
thumb
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ms of Natural

Buoyancy-Driven Natural Ventilation, also
known as “Stack Effect”

Wind-Driven Natural Ventilation

L

w
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Natural Ventilation

atural Ventilation vs Natural Conditionin

Natural Conditioning

Per ASHRAE 62.1-2016 (ASHRAE
2016b) the definition of Natural
Ventilation is “ventilation provided
by thermal, wind, or diffusion
effects through doors, windows, or
other intentional openings in the
building.”

Essentially, direct air intake from
Outdoors into the occupied space
to support only the Indoor Air
Quality requirements.

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation

Per ASHRAE 55-2017 (ASHRAE 2017a) page
3, the definition of Occupant-controlled
Naturally Conditioned spaces is “those
spaces where the thermal conditions of
the space are regulated primarily by
occupant-controlled openings in the
envelope.”

Essentially, direct air intake from Outdoors
into the occupied space supports
absorption of heat gains. This can occur via

-direct cooling of occupants s
-removal of air heated from computers or : >
lights ASHRAE

-cooling of surfaces that then causes
indirect cooling of occupants through
radiative heat exchange.




al Ventilation Codes & Stan

Standard/ Manual Name Key chapters/clauses pertaining to
natural ventilation and natural
conditioning

ANSI/ASHRAE Standard 62.1-2016. Section 6.4 with backup mechanical

Ventilation for Acceptable Indoor Air Quality RVl El eI SR e EH e =g

Section 6.2 and/or 6.3.

ANSI/ASHRAE Standard 55-2017. Thermal Section 5.4

Environmental Conditions for Human

Occupancy

2016 Building Energy Efficiency Standards Section 120.1.(b).1

for Residential and Nonresidential Buildings

for the 2016 Building Energy Efficiency

Standards: Title 24, Part 6

2015 IMC International Mechanical Code Section 402

AV TR OE [0 GTER Y T8 BTy o | Moo T [N e 1610 [ERS Section 402.2, essentially replicates

Code of Regulations Title 24, Part 4 based on WM [\ EN[oElfo Nyl

2015 Uniform Mechanical Code®
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Other Applicable Guidance

Standard/ Manual Name Key chapters/clauses pertaining to natural

ventilation and natural conditioning
Leadership in Energy and Minimum Energy Performance Prerequisite p. 357,
Environmental Design Optimize Energy Credit (relies on calculation in
(B35 1 RS T R 0 8 previously named Prerequisite), Minimum Indoor Air
Building Design and Quality Performance Prerequisite pp.605-622,
Construction v4. Enhanced Indoor Air Quality Strategies Credit pp.645-
656, and Thermal Comfort Credit p 695-710. (note
that this standard references ASHRAE Standard 62.1-
2010 and ASHRAE Standard 90.1-2010.)
\ELTEI R ELT R N[ B8 Entire document
domestic buildings, CIBSE
Applications Manual AM10
Mixed mode ventilation, Document addresses mixed mode or hybrid
0 |1 SV TR B\ ELITEIR ventilation, within which natural ventilation is

AM13:2000. discussed as one of the modes available ASHRAE /

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Natural Ventilation vs Mixed Mode

Complementary Design

Concurrent

Change-over

Zoned Design

Mechanical cooling and
Natural ventilation occur in
Same space

Mechanical cooling and
Natural ventilation occur in
Same space

Mechanical cooling and
Natural ventilation occur in
Different spaces

Same time Different times Same time
B | . D - | —
,,:[.—R:J.___LT...T— - TN _.1J:r = _{:‘;3. [&' }Lj - T e 1t_.f’UT

L 1 _ | [
ASHRAE 55 ASHRAE 55 ASHRAE 55
Adaptive Comfort Adaptive Comfort Adaptive Comfort
standard not standard not standard applicable
applicable applicable to permanent NV

Images courtesy of Dr. Gail Brager of UC Berkeley
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NV Top 10 Feasibility Questions
Question to be Asked
If Answer is Yes, Move to Next Question

1. Building Is the building envelope performance optimized to minimize
Envelope solar gain into the building? Target a maximum total solar load
of 4 W/ft2 of sun patch floor area in a cooling condition.
=GN R s the total internal heat load minimized to less than 2 W/ft2

Loads for naturally conditioned space or, within the cooling capacity
of auxiliary systems?

3. Weather In looking at the climate data’s monthly mean minimum and

Normals: mean maximum, are there at least six months where the

\EERRVYEY Ty A monthly maximum is less than 80°F but mean minimum is
WEELNVIT I B higher than 32°F?

I FELTEL A 8 |n further looking at climate data, does the frequency of
Occurrence occurrence psychrometric chart for occupied hours have more
Psychrometric than 30% of the time between 60°F to 80°F and less than 70%
Chart relative humidity?

5. Ambient Is the surrounding environment suitable for direct intake of air ,—\o
Environment, from outside? (i.e., there are no security concerns, the ambient ASHRAE
L1 SR BT 16 1) environment is sufficiently quiet, air quality meets Standard \ /
of Openings 62.1 standards, openings are not near street level, near

highways or industrial plants, or at elevation of a neighbor’s

discharge).

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



NV Top 10 Feasibility Questions

Data to Review Question to be Asked
If Answer is Yes, Move to Next Question

6. Window Can the equivalent of 4% to 5% of the floor area as window
Locations opening area be found with direct access to the window by
and Sizes, everyone within 20 ft?

Accessibility

7. Wind Rose, Can one rely on wind-driven effects for cooling?

Feasible Flow Is there a direct low-pressure airflow path from a low-level
Paths: Inlet to opening to a high-level opening within the space, and will it be
[T VRV G T [ preserved once furniture/Tl work is complete?

Wind Conditions

Does the climate have regular outside air temperatures over
Temperatures 80°F? If yes, review whether exposed thermal mass is possible.
SR EIRGEL T Does the climate have a diurnal range that has nighttime

on Hot Days temperatures below 65°F for at least 8 hours a night on the
worst-case days?

If yes, move to multizone modeling of thermal mass and
consider night purge.

10. Dew-Point Throughout the year, do you have consistent outside air dew
Temperatures points throughout the year of less than 64°F? If yes, move to
el EETE multizone modeling and consider a radiant cooling system.

AS
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When Not to
Pursue Natural
Ventilation

Outside Air
Assessment

Facade and
Building
Configuration

Navigating Natural
Ventilation
Compliance

Demonstrating
Comfort Standard
Compliance

Control of Natural
Ventilation and
Natural
Conditioning

eStrict filtration requirements
*Contaminant dilution concerns
*Special pressurization relationships
eSpeech privacy concerns

sinternal heat load demands

\ Chapter1

*Qutside air quality
*Outdoor noise environment
*Wind Climate

sHistorical Weather Trends
sFuture Climate Trends

\ Chapter 3 )

*Building configuration t for natural

*Placing of openings and opening types

*Window glazing selection for thermal and solar performance
sWindow-wall ratio for solar control

*Shading and blinds in natural ventilation schemes

\ Chapter4 /

ePrescriptive (ASHRAE Standard 62.1-2016 or California Title 24-2016)

sPath A from Addendum L for ASHRAE Standard 62.1-2016

*Path B from Addendum L for ASHRAE Standard 62.1-2016 (based on CIBSE 2005)
eDepartment of the Navy Prescriptive Wind-Driven method

*Energy Modeling Considerations for ASHRAE Standard 90.1-2016 Appendix G
sDocumentation for Natural Ventilation in US Green Building Council LEED* Rating System

\ Chapter 5 ),

*Confirming the requirement to meet a comfort standard

|dentifying the appropriate ASHRAE 55 comfort compliance method

sLimitations on the use of the Adaptive Comfort Method

*Applying the Adaptive Comfort Zone Method (Occupant-controlled Natural Conditioning)
*Backchecking ASHRAE 62.1 compliance

*Credit Documentation for US Green Building Council LEED® Thermal Comfort credit

\ Chapter 6 )

sOverview of Building Management Controls for natural ventilation
*Natural Ventilation sequences of operations

*Natural Conditioning sequences of operations

*Mixed Mode Changeover sequences of operations

sSelecting actuators

\ Chapter 7

upcoming D
Guide for Na
Ventilation




Upcoming Desigh Guide Steps

When Not to Pursue Natural Ventilation
Outside Air Assessment

Facade and Building Configuration

Navigating Natural Ventilation Compliance
Demonstrating Comfort Standard Compliance

Control of Natural Ventilation and Natura}, |
Conditioning AS}@AE
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When Not to Pursue Natural

Strict Filtration Requirements
Contaminant Dilution Concerns
Special Pressurization Relationships

Ventilation

Speech Privacy Concerns

Internal Heat Load Demands

ASHRAE does not en

dorse any specific manufacturers, companies, or services

in this presen

—\
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Internal (and Solar) Loads

DEVERGILEEAY Question to be Asked
If Answer is Yes, Move to Next Question

1. Building Is the building envelope performance optimized to minimize
Envelope solar gain into the building? Target a maximum total solar load
of 4 W/ft2 of sun patch floor area in a cooling condition.
gL R |s the total internal heat load minimized to less than 2 W/ft2
Loads for naturally conditioned space or, within the cooling capacity
of auxiliary systems?

e Take a 100 sf office
* 1 person,one PC

* Targeting 5 ac/hr with a 4.5°F (2.5° C)
differential to outdoors /N

ASHRAE
s\_/
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Description

Reference

Heat Load in SI (1W/sf)

Total Available

10 W/m?

One person: Seated Very
Light Work, High velocity
air movement

2017 ASHRAE
Handbook
Fundamentals
(ASHRAE 2017b),
page 18.4, Table 1

70 W x
(1-0.27)/9.29 m? =
5.5 W/m?

One tablet PC, average 15
min peak power
consumption

2017 ASHRAE
Handbook
Fundamentals
(ASHRAE 2017b),
page 18.12, Table
8A

36 W/9.29 m? =
3.9 W/m?

Differential available for
lighting and solar loads

ding to CIBSE, you have a maximu
m2 (2.8W/sf) available at 3K




Will natural ventilation work?

Natural Ventilation w/ Thermal Mass
< b

Natural Ventilation
E =

m<—-—0wn>r»o

| | | | |
P 4 l6 ls [ 10 | 12
COOLING LOADS IN Wi/sf

Displacement Ventilation: low loads

< Chilled Ceilings |
Chilled Beams

>

Fan Coil Units

Variable Air Volume

rro—-—Zr>»IxITOm=
+

—\
ASHRAE
\
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Outdoor Air Assessment

Data to Review Question to be Asked
If Answer is Yes, Move to Next Question

3. Weather In looking at the climate data’s monthly mean minimum and
Normals: mean maximum, are there at least six months where the

VU EEN I EV T A monthly maximum is less than 80°F but mean minimum is
VEERNV TG higher than 32°F?

(I FELEL G |n further looking at climate data, does the frequency of
Occurrence occurrence psychrometric chart for occupied hours have more
Psychrometric than 30% of the time between 60°F to 80°F and less than 70%
Chart relative humidity?

5. Ambient Is the surrounding environment suitable for direct intake of air
Environment, from outside? (i.e., there are no security concerns, the ambient
LR BT environment is sufficiently quiet, air quality meets Standard
of Openings 62.1 standards, openings are not near street level, near
highways or industrial plants, or at elevation of a neighbor’s

discharge). e
7. Wind Rose, Can one rely on wind-driven effects for cooling? / \
Feasible Flow Is there a direct low-pressure airflow path from a low-level ASHRAE /
Paths: Inlet to opening to a high-level opening within the space, and will it be
N SHELGETEN B preserved once furniture/Tl work is complete?
Wind Conditions

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



//energyplus.net/weather

Search Results for: Fresno
Your search matched 3 results.

Fresno 723890 (TMY2)

Fresno Air Terminal 723890 (TMY)

Fresno Air Terminal 723890 (TMY3)
|E USA_CA_Fresno.Air.Terminal.723890_TMY3.zip

D USA_CA_Fresno.Air.Terminal.723890_TMY3.ddy
J] USA_CA_Fresno.AirTerminal.723890_TMY3.epw
USA_CA FresnoAir.Terminal. 723890 TMY3.stat



https://energyplus.net/weather

Average Hourly Statistics for Dry Bulb temperatures °C
Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec

@:91- 1:@0 6.0 7.7 l1@.e 12.6 17.3 28.1 23.1 21.8 19.7 15.9 8.7 4.6
1:01- 2:00 5.7 7.4 9.4 11.8 16.4 18.9 22,1 20.7 18.6 15.2 3.4 4.3
2:91- 3:@0 5.7 7.1 8.9 11.3 15.7 17.9 21.3 19.9 18.0 14.8 8.2 3.7
3:01- 4:00 5.8 6.7 8.5 10.8 15.0 17.0 28.5 19.1 17.3 14.3 7.9 3.6
4:91- 5:0@ 5.5 6.4 8.1 1@.3 14.6 16.5 19.7 18.5 16.8 13.8 7.6 3.5
5:91- 6:00 5.2 6.1 8.0 18.1 15.3 17.7 20.7 18.6 16.6 13.3 7.6 3.3
6:91- 7:00 5.2 6.0 8.4 11.9 17.2 28.09 22.8 20.4 18.1 14.9 7.6 3.2
7:01- 8:00 5.6 7.1 16.2 14.4 19.4 22.7 25.3 23.0 20.4 16.3 8.6 3.7
8:91- 9:00 7.0 9.2 12.3 16.6 21.2 25.1 27.4 25.6 23.2 18.7 l1a@.3 5.7
9:01-10:00 8.5 16.9 14.8 18.5 22.8 27.0 29.6 27.8 25.5 21.1 11.9 8.3
1@:e1-11:e@ 9.8 12.4 15.4 28.1 24.3 29.1 31.8 29.9 27.4 23.1 13.5 1@.2
11:01-12:00 11.0 13.7 16.3 21.6 25.8 31.0 33.6 32.2 28.9 24.5 14.6 11.8
12:91-13:0@ 11.7 14.5 17.3 22.5 27.0 32.3 35.0 33.7 38.3 25.8 15.7 13.0
13:01-14:00 12.0 15.0 18.1 23.2 28.0 33.3 35.9 34.7 31.0 26.7 16.4 13.8
14:01-15: 00 12.1 15.2 18.3 23.4 28.5 33.9 36.6 35.4 31.3 27.1 16.6 13.9
15:901-16:00 11.9 15.2 18.4 23.3 28.5 34.1 37.0 35.6 31.4 26.9 16.2 13.6
16:01-17: 00 11.1 14.7 17.6 22.9 27.9 33.4 36.7 35.3 31.@ 25.8 14.9 11.7
17:91-18:88 9.9 13.4 16.2 21.7 26.8 32.8 35.7 34.4 29.5 23.8 13.4 9.8
18:01-19: 00 9.3 12.4 14.8 19.7 25,1 30.8 33.8 32.0 27.8 22.0 12.4 8.8
19:01-20:088 8.5 11.3 13.8 18.2 23.4 28.2 31.2 29.8 25.6 28.6 11.5 7.5
20:01-21:00 3.0 10,2 12.7 16.7 22.0 26.4 29.3 28.3 24,3 19.4 1e.7 6.7
21:91-22:08@ 7.5 9.5 11.8 15.5 28.5 24.5 27.5 26.4 22.9 18.2 l1a.0 6.0
22:01-23:00 7.2 8.7 11.2 14.5 19.3 23.0 25.9 24,9 22.0 17.1 9.6 5.6
23:91-24:08@ 6.8 8.1 1@.9 13.7 18.3 21.7 24.4 23.2 28.6 16.3 9.1 5.1
Max Hour 15 16 16 15 16 16 16 16 16 15 15 15

Min Hour 7 7 6 6 5 5 5 5 6 6 7 7

121 15.2 18.4 234 28.5 341 37 35.6
5.2 6 8 10.1 14.6 16.5 19.7 18.5

53.8 59.4 65.1 74.1 83.3 934 98.6 96.1
41.4 42.8 46.4 50.2 58.3 61.7 67.5 65.3

rself: Fresno passes Question 1

CeF
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TEMPERATURE RANGE LOCATION: Fresno Yosemite Intl Ap, CA, USA
California Energy Code Latitude/Longitude: 36.78° North, 119.72° West, Time Zone from Greenwich -

Data Source: TMY3 723890 WMO Station Number, Elevation 334 1t
LEGEND
RECORDED HIGH- o
DESIGH HIGH - 110
AVERAGE HIGH -
MEAN -
AVERAGE LOWY -
100 — —
DESIGN LOW -
RECORDED LOW - =
COMFORT ZONE
90 — —
a0 1 —
70 — — —
60 — — — —
50 — — — —
40 — — — —
DESIGH HIGH: Non-Reside...
) 1% of Hours Above =
() .5% of Hours Above 0
(®) 0% of Hours Abova
DESIGN LOW: Non-Reside...
— 20
( 1% of Hours Below
) .5% of Hours Below
(®) 0% of Hours Below 0
TEMPERATURE RANGE: Jan Feh Mar Apr May Jun Jul Aug Sep oct Nov Dec Annual
® 10to 110 °F
() Fit to Data

Can also drop the *.epw file into Climate Consultant (free software from /. N
UCLA) and visually observe Average High and Average Low per month ASHRAE
http://www.energy-design-tools.aud.ucla.edu/climate- \ /
consultant/request-climate-consultant.php

Image courtesy of UCLA by virtue of software usage

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation


http://www.energy-design-tools.aud.ucla.edu/climate-consultant/request-climate-consultant.php

Jutdoor Air Assessmen

Data to Review Question to be Asked
If Answer is Yes, Move to Next Question

3. Weather In looking at the climate data’s monthly mean minimum and
Normals: mean maximum, are there at least six months where the

VU EEN I EV T A monthly maximum is less than 80°F but mean minimum is
VEERNV TG higher than 32°F?

L AL G 8 |n further looking at climate data, does the frequency of
Occurrence occurrence psychrometric chart for occupied hours have more
Psychrometric than 30% of the time between 60°F to 80°F and less than 70%
Chart relative humidity?
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PSYCHROMETRIC CHART
California Energy Code

LOCATION:

Fresno Yosemite Intl Ap, CA, USA

Latitude/Longitude: 36.78° North, 119.72° West, Time Zone from Greenwich -

8am. v through epm. v

Data Source: TMY3 723890 WMO Station Number, Elevation 334 ft
L E G E N D RELATIVE HUMIDITY 100% 80% 60%
DRY-BULB TEMP {degrees F} iGN STRATEGIES: JANUARY through DECEMBER o
0 ll <32 11.0% 1 Comfort{443 hrs) 9
46% ll 32 - 68 43.8% 2 Sun Shading of Windows(1759 hrs)
[ 68 - 7a
37% W 75 - 100 TEMPERATURE o
1% W = 100 4 Direct Evaporative Cooling{0 hrs) DEG. F 80 o0
6 Two-Stage Evaporative Cooling{0 hrs)
12.0% 7 Natural Ventilation Cooling{481 hrs) 020
8 Fan-Forced Ventilation Cooling{0 hrs)
25.9% 9 Internal Heat Gain{1038 hrs)
15.6% 10 Passive Solar Direct Gain Low Mass{627 hrs) 2 : "
11 Passive Solar Direct Gain High Mass{0 hrs) 70 o — 016
12 Wind Protection of Outdoor Spaces(D hrs) % c
= <
= E
PLOT: |DRv-aULS TEMP b 15 Cooling, add Dehumidfication if needed(0 hrs) ‘o
(®) Hourly () Daily Min/Max 16 Heating, add Humidification if needed{D hrs) S e
. =
LAl Hours (&) Setect Hours 51.2% Comfortable Hours using Selected Strategies /

(@) All Months (_) Select Months
1 through | DEC

()1 Month | JAN lext
()1 Day 1 lext

() 1Hour |8am lext

TEMPERATURE RANGE:

(®) 10to110°F () Fitto Data
Display Design Strategies

[ ] Show Best set of Design Strategies

(2054 out of 4015 hrs)

L]
=
|
2
2
2

DRY-BULB TEMPERATURE, DEG. F

Can also shortcut with the Climate Consultant (free software from UCLA)
Psychrometric chart, pick the design strategies thatapply only to the
natural ventilation state and check for comfortable hours instead of the
fixed 60-80°F temperature range

Image courtesy of UCLA by virtue of software usage

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation
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A note on rising OSA temperatures

* Professional integrity would require us to
review what the likely 20-50 year potential
increases in local air temperature might be if
an engineered natural conditioning system is
being proposed.

* Can purchase climate-shifted *.epw files for
purchase from one of the predominant energy
analysis software vendors ASHRAE

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation
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Anticipatesa mean monthly temperaturerise of 3 C (5.4F) by 2050 using \ /

the RCP 8.5 emission scenarios and 50% warming percentile
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Check Air Quality and Access
Question to be Asked
If Answer is Yes, Move to Next Question

5. Ambient Is the surrounding environment suitable for direct intake of air
Environment, from outside? (i.e., there are no security concerns, the ambient
LR BT e environment is sufficiently quiet, air quality meets Standard

of Openings 62.1 standards, openings are not near street level, near
highways or industrial plants, or at elevation of a neighbor’s
discharge).

7. Wind Rose, Can one rely on wind-driven effects for cooling?

Feasible Flow Is there a direct low-pressure airflow path from a low-level
Paths: Inlet to opening to a high-level opening within the space, and will it be
NS HELGETFN B preserved once furniture/Tl work is complete?

Wind Conditions

Based on general air quality data analysis, must get Client permission to
proceed given non-attainment status of Fresno County/ San Joaquin Valley /. A&
to proceed past Question 5 generically (see below). ASH E

N

Then do a Local site check: Check for effluents and emissions from roofs
nearby, typically check the outside air quality results

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Counties Designated "Nonattainment"
for Clean Air Act's National Ambient Air Quality Standards (NAAQS) *
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County Designated Nonattainment for 6 NAAQS Pollutants
County Designated Nonattainment for 5 NAAQS Pollutants
> County Designated Nonattainment for 4 NAAQS Pollutants
County Designated Nonattainment for 3 NAAQS Pollutants
County Designated Nonattainment for 2 NAAQS Pollutants
County Designated Nonattainment for 1 NAAQS Pollutant

Guam - Piti and Tanguisson power stations are designated nonattainment for the SO2 (1971) NAAQS
Piti and Cabras power stations are designated nonattainment for the SO2 (2010) NAAQS

*The National Ambient Air Quality Standards (NAAQS) are health standards for Carbon Monoxide,

Lead (1978 and 2008), Nitrogen Dioxide, 8-hour Ozone (2008), Particulate Matter (PM-10
and PM-2.5 (1997, 2006 and 2012), and Sulfur Dioxide (1971 and 2010)

**Included in the counts are counties designated for NAAQS and revised NAAQS pollutants.
Revoked 1-hour (1979) and 8-hour Ozone (1997) are excluded. Partial counties. those with part
of the county designated nonattainment and part attainment, are shown as full counties on the map.

Fresno is nc
pollutants per
online

https://www3.eg

ity/sreenbook/m



https://www3.epa.gov/airquality/greenbook/mapnpoll.html

California PM-2.5 Nonattainment Areas (2012 Standard)
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San Joaquin Valley, CA

Kern County (Eastern Kern), CA

San Joaquin Valley, CA

area.

https://www3.epa.gov/airc

enbook/ancl2.html

Per ASHRAE 62.1,
inform client with
air quality results

Serious
Serious
Serious
Moderate
Serious
Extreme
Moderate
Extreme

any specific manufacturers, companies, or services in
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Wind Rose: prevailing winds?
Local wind regime check: are there any prevailingwinds to accommodate?

Can again use Climate Consultant (free software from UCLA) to generate
wind rose or use other tools

LOCATION: Fresno Yosemite Intl Ap, CA, USA
WIND WHEEL Latitude/Longitude: 36 78° North, 119.72° West, Time Zone from Greenwich -8
Data Source: TMY3 723890 WMO Station Number, Elevation 334 ft
LEGEND N
O
TEMPERATURE (Deg. F) =
| NUARY - DECEMBER
W
[ &

00000

EECREE

SSSSS

Image courtesy of UCLA by virtue of software usage

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



ade and Building Configurat

Data to Review Question to be Asked
If Answer is Yes, Move to Next Question

6. Window Can the equivalent of 4% to 5% of the floor area as window
Locations opening area be found with direct access to the window by
and Sizes, everyone within 20 ft?

Accessibility

7. Wind Rose, Can one rely on wind-driven effects for cooling?

Feasible Flow Is there a direct low-pressure airflow path from a low-level
Paths: Inlet to opening to a high-level opening within the space, and will it be
o[ T B preserved once furniture/Tl work is complete?

Wind Conditions

uestion 6 is related to the code/standard thatis being applied
or prescriptive compliance:

Standard Maximum distance | Minimum size of
to operable openings
element

ASHRAE Standard 62.1-2016 25ft (7.6m)

California Title 24-2016 California 20ft (6.1m) 5% of served area S an J
Energy Commission R

ASHRAE does not endorse any specific manufacturers, companies, or services in this pre



Airflow Paths Observational Analysis

Atrium louvres open

Hallway ventilation off

Window awnings
open (actuated), first
to third floors

)i

Atrium windows open,

first to third floors
\..

Atrium doors closed, first floor

Atrium windows
open, first to
third floors

Atrium doors
closed, first floor

w

/i
ASHRAE
T

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation
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Airflow Paths Observational Analysis
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irflow Paths Observational Analysis
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Prescriptive Single
zone

Prescriptive Single
Zone

Prescriptive Multi-
zone single cell
buildings
Engineered System
Performance
Multi-zone

Prescriptive Single
zone

Paths of Compliance

Method Type Path ______________________|Summary Description | Basis of Path

ASHRAE Standard 62.1-2016 (ASHRAE 4% Total Opening Method Historical Rule of Thumb

2016b)

Proposed Addendum (DA-71) to

ASHRAE Standard 62.1: Path A

Proposed Addendum (DA-71) to

ASHRAE Standard 62.1: Path B

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 havingjurisdiction.

2016 California Title 24-Part 6
(Energy Code),

which conflicts with

2016 California Title 24 Part4
(Mechanical Code)

Two opening, Flow
Adjusted Percentage
Method

Iterative Calculation
Method based on CIBSE
(2005) Section 4.3

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

5% Total Opening Method

4% Total Opening Method

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

Buoyancy, Wind, Buoyancy+
Wind Ventilation subpaths
available

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

Historical Rules of Thumb

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation




Multi-cell and Engineered Paths

 Engineering analysis carries burden of proof
that the normal prescriptive ventilation flow
requirements are met

* Typically an 8760 operation under natural
ventilation conditions and window-opening
sequences of operation (or assumed manual

opening patterns) —\
AS}@AE

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation
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Interaction with ASHRAE 90.1

* Natural conditioning may be modeled for a thermal zone in
the proposed design when the following conditions are
met:

— a. Outside air intake from natural ventilation systems shall not

be less than the minimum required outdoor air ventilation rates
during occupied times in the proposed building model.

— b. Controls for cooling system operation and availability of
natural ventilation are automatic.

— c. Rating authority approves of the proposed procedure.

 Per the ASHRAE Standard 90.1 User's Manual (ASHRAE
2017d), a hybrid system must be modelled for the
proposed scheme regardless of whether cooling equipment
is provided or not. The natural ventilation/conditioning
system is designated as the primary cooling system, /—
and the backup secondary system shall equal the ASHRAE
default as represented in the baseline. p =

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Energy Modeling within Title 24

e Title 24 (California Energy Commission 2015a) energy model
documentation does require specific items to be modelled for natural
ventilation and mixed mode ventilation use in alternate compliance
method calculations for energy calculations

— Per Section 2.5.3, Handling Proposed Design with No HVAC Equipment, HVAC
systems must be provided if the natural ventilation cannot hold unmet load
hours of 150 in any zone.

— Per Section 3.2.2.3, software shall report out an exceptional condition when

natural ventilationis used so that opening areas and access distances can be
checked.

— Outdoorair Ventilationis allowed to arise from Natural ventilation or Mixed
mode ventilation as per Section 5.6.5.4. Documentation for natural
ventilation system airflow rates entered into the energy model shall be
provided.

— Mixed mode systems require mechanical ventilation as supplemented by
natural ventilation. Naturally ventilated spaces may be modelled as a thermal
zone (Section 5.3) if there are automatic controls to hold the windows open
when the space is occupied. If zone setpoint are fulfilled using /\"
natural ventilation, then the secondary mechanical systems
(ventilation, cooling, and heating) may be shut off within the ASHRAE
model. )

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Special controls for mixed mode Title 24

(n) Mechanical System Shut-off. Any directly conditioned space with
operable wall or roof openings to the outdoors shall be provided with
interlock controls that disable or reset the temperature setpoint to 55°F
for mechanical heating and disable or reset the temperature setpoint to
90°F for mechanical cooling to that space when any such opening is open
for more than 5 minutes. The “open” signal shall shut off the space cooling
but still provide the required mechanical ventilation unless it can be
proven that the natural ventilation meets the prescriptive code
requirements. Window switches are required even if natural ventilation
does provide the ventilation. Motorized windows are still considered
manual if occupants have override capabilities (as essentially required
quer the base definition of occupant access in clause 120.1(b)1 as noted
above.

EXCEPTION 1 to Section 140.4(n): Interlocks are not required on doors
with automatic closing devices.

EXCEPTION 2 to Section 140.4(n): Any space without a AS"/"?AE
thermostatic control (thermostat or a space temperature
sensor used to control heating or cooling to the space). p=

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Can
max. heat re-design Is seasonal
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Understand site and brief

:

Identify likely options
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Review passive potential
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Demonstrating Comfort Standard
Compliance

e Compliance with ASHRAE 55 is rarely explicitly
adopted within codes, but it is a reasonable
expectation.

* |tis important to differentiate which comfort
criteria one is trying to comply with at the
beginning of the project

—\
ASHRAE
e

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



General
Requirements

Graphical Method

Analytical Method

Elevated Air Speed

Adaptive Method

Simple but limited in usability

Powerful, and requires
calculations using ASHRAE
Thermal Comfort Tool

Modifies graphical or analytical
method to account for
increased air speed

Applies only to naturally
conditioned spaces




Comparison of Air Velocities
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67 B8 69 T T1 T2 T3 74
Operative Temperature

— Graphic comfort zone air speed 40 fpm — adaptive comfort no air speed 59 fpm
— gdaptive comfort with air peed 236 fpm — gyerage air speed without occupant control calculated




Limitations on Use of Adaptive

Comfort Model

No Mechanical Cooling System Installed
Limits on metabolicrates: 1.0 to 1.3 met
Adaptability of Clothing: 0.5 to 1.0 clo

Constraints on Outdoor Air Temperatures:
The prevailing mean outdoor temperature is
greater than 10°C (50°F) and less than 33.5°C

(92.3°F)

ASHRAE does not en

dorse any specific manufacturers, companies, or services

in this presen
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5 User Manual - It is important to note that
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> with the Adaptive Method.



The equations

Upper 80% acceptability limit (°C) = 0.31 t,,50ut) + 21.3
Upper 80% acceptability limit (°F) = 0.31 t,,50ut) + 60.5
Lower 80% acceptability limit (°C) = 0.31 t,,,50uy + 14.3

Lower 80% acceptability limit (°F) = 0.31 t,,50ut) + 47.9

where t,,q0u1) IS the simple arithmetic mean of all of the

mean daily outdoor air temperatures of no fewer than the

last 7 days and no greater than the last 30 days, and the Vi
mean daily outdoor air temperature of each day isthe ASHRAE
simple arithmetic mean of all the outdoor dry bulb b
temperature observations for a 24 hours period.

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



80% Limits Los Angeles
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Steps to the Analysis

Evaluate the applicability of the design against
the requirement for operable elements and
the four constraints noted above.

Calculate the Comfort Zone Thresholds for
Compliance

Determine Comfort using a dynamic thermal
simulation

Resolve Comfort Conditions if space is found
to be non-compliant. ASHRAE

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Other considerations

If Answer is Yes, Move to Next Question
Does the climate have regular outside air temperatures over
Temperatures 80°F? If yes, review whether exposed thermal mass is possible.
CEO T EIRGEL T Does the climate have a diurnal range that has nighttime
on Hot Days temperatures below 65°F for at least 8 hours a night on the
worst-case days?
If yes, move to multizone modeling of thermal mass and
consider night purge.
10. Dew-Point Throughout the year, do you have consistent outside air dew

Temperatures points throughout the year of less than 64°F? If yes, move to
Ll N EETEE multizone modeling and consider a radiant cooling system.

t endorse any specific manufacturers, companies, or services in this
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Other considerations

If Answer is Yes, Move to Next Question
Does the climate have regular outside air temperatures over
Temperatures 80°F? If yes, review whether exposed thermal mass is possible.
CEO T EIRGEL T Does the climate have a diurnal range that has nighttime
on Hot Days temperatures below 65°F for at least 8 hours a night on the
worst-case days?
If yes, move to multizone modeling of thermal mass and
consider night purge.
10. Dew-Point Throughout the year, do you have consistent outside air dew

Temperatures points throughout the year of less than 64°F? If yes, move to
Ll N EETEE multizone modeling and consider a radiant cooling system.

t endorse any specific manufacturers, companies, or services in this



Control of Natural Ventilation and
Natural Conditioning

Both require that the occupant have control over the
opening used to bring air into the building.

The simplest level of control therefore is merely manual
control of the window.

ASHRAE Standard 62.1 (ASHRAE 2016b) section 6.4.3 states
that openings must be “readily accessible” and that
controls should “be designed to coordinate operation of
the natural and mechanical ventilation systems.”

ASHRAE Standard 55 (ASHRAE 2017a) Section 6.4 requires
the elements be “occupant controlled” with the definition

including “manually controlled or controlled I
through the use of electrical or mechanical ASHRAE
actuators under direct occupant control.” b=

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Control Sequence of Operations Type
[see subsequent sections and Appendices
for more details)

QOutdoor Sensors Active in 5300

Indoor Sensors Active in 500

Device Active in 300

(Dutdoor Air Bulb Temperature
Dutdoor Relative Humidity
Rain/Precipitation Presence

Outdoor Air Pollutants

Wind Direction

Static Outside Air Pressure

Thermal Mass Surface Temperature
Favorable Condition Indicator

Indoor Air Temperature
|In|:|nnr Relative Humidity

MWaotorized Opening Actuator & Position Status

Zonal Heating Device

Zonal Cooling Device

Wentilation

Manual

Manual buttonswitch for
motorized window

2 [t [Window/Louver Closed Position Status

= (= (Indoor CO5 Level

= | = [Wanual Action

m (o [Fonal Ventilation Supply

Automatic window

Heating

Cold Hours Heating Concurrent

Cold Hours Heating Changeover

Manual

Manual buttonswitch for
motorized window

Manual with favorable condition
indicator

Autormatic window with
temperature control

Matural Conditioning with Hot
Hours Cooling Changeover

Purge Coocling | Conditioning

Automatic window for night
time purge of heat from thermal
mass




LEED NV monitoring SOO

For the two LEED® Minimum Air Quality Performance
Prerequisite options that do not require an exhaust fan,
either of the following can be used:

Window position status shall be monitored continuously
during occupied hours. When a window is “closed”, the
zone shall go into alarm for ventilation and the backup
ventilation system shall be started.

Indoor CO, shall be monitored continuously during
occupied hours. When the CO, level rises higher than
ambient outdoor CO, plus [pick one of: 700ppm (ASHRAE
Standard 62.1 — ASHRAE 2016b) or 600 ppm (California
Title 24 — California Energy Commission 2015a)], the zone
shall go into alarm for ventilation and the backup /7 \'
ventilation system shall be started. ASl‘@AE

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Typical automatic window ventilation
compliance SOO

At the start of occupancy hours, the Automatic Window shall be opened.

If a window should be open and it is not, then an alarm shall be raised and
the backup ventilation system shall be started.

At [30 minutes] past the end of occupancy hours, the Automatic Window
shall be closed.

If a window should be closed and it is not, then an alarm shall be raised.

In the event of wind speeds exceeding {To Be Determined through trial
and error or design team wind modeling}, close the windows.

In the event of wind speeds exceeding {To Be Determined through trial
and error or design team wind modeling} and rain is sensed, close the
windows.

(Optional) if outdoor PM2.5 pollutants rise above {To Be Set by Owner
based on sensor quality}, close the windows.

exclusion of manually-controlled windows would make a space
ineligible to apply the Natural Conditioning Comfort Range in
ASHRAE Standard 55 (ASHRAE 2017a).

It should be noted that the full automation of windows to the
ASHRAE

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Automatic window in high rise building
SOO options

* When roof wind speeds rise above {To Be Determined through trial
and error or design team wind modeling} and from directions {To
Be Determined through trial and error or design team wind
modeling}, close the windows.

* When roof wind speeds rise above {To Be Determined through trial
and error or design team wind modeling} and from directions {To
Be Determined through trial and error or design team wind
modeling}, reduce range of opening to a high limit of {50%} of full
stroke.

* When differential static pressure at a given elevation between
opposing faces of a building exceeds {To Be Determined through
trial and error or design team wind modeling}, reduce ASHRAE
range of opening to a high limit of {50%} of full stroke. \iii

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Basic concurrent to change over
heating sequence

When indoor temperature falls below {68°F (20°C)} activate the heating
element.

If automatic windows are present, close the windows to the minimum
“trickle” mode.

If dedicated trickle vents in the zone are available, close all automatic
windows and open the Trickle vents.

If neither trickle vents nor trickle mode of automatic windows are
available, start the backup mechanical ventilation system.

(Typical) Modulate zone heating to hold a setpoint of {70.5°F (21°C)} with
a {5°F (2.5°C)} deadband.

(Special for California) Within the California Energy Code Title 24, item #5

must be overridden and the zonal control is required to be placed in a
setback of {55°F (13°C)} with a {5°F (2.5°C)} deadband instead whenever a
window switch is “not closed.”

-
Heating mode shall remain operational until outdoor air ASHRAE
temperature exceeds {68°F (20°C)}. p

When the heating mode is terminated, revert systems back to
normal natural ventilation operation.

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Basic temperature monitoring sequence for
ASHRAE 55 adaptive comfort compliance

When indoor temperature falls below {68°F (20°C)} activate the
zonal heating mode.

When the heating mode is terminated, revert systems back to
normal natural ventilation mode.

Indoor temperature shall be monitored and an alarm raised when
the indoor temperature rises above { Upper 80% acceptability limit
(°F) = 0.31 t,,000u + 60.5 (Upper 80% acceptability limit (°C) = 0.31
tomatout) + 21.3) per ASHRAE Standard 55},

where t,,q0u) IS the simple arithmetic mean of all of the mean daily
outdoor air temperatures of no fewer than the last 7 days and no
greater than the last 30 days, and the mean daily outdoor air
temperature of each day is the simple arithmetic mean of all the

outdoor dry bulb temperature observations for a 24 hours period.

Indoor air temperature shall be monitored. Number of /\"*
hours of exceedance of the Upper 80% acceptability ASHRA
limit shall be logged and stored per zone for at least \uii
365 days.

ASHRAE does not endorse any specific manufacturers, companies, or services in this presentation



Buoyancy-Driven Natural Ventilation, also
known as “Stack Effect”

Wind-Driven Natural Ventilation

L

Same time

Complementary Design Zoned Design
Concurrent Change-over
Mechanical cooling and Mechanical cooling and Mechanical cooling and
Natural ventilation occur in Natural ventilation occur in Natural ventilation occur in
Same space Same space Different spaces

Different times Same time

/,__,#-Uu
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Will natural ventilation work?

Natural Ventilation w/ Thermal Mass

Natural Ventilation
———-

2 4 10

Displacement Ventilation: low loads COOLING LOADS 1N Wist
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Chilled Ceilings
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Fan Coil Units

Variable Air Volume
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Questions?
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November 7, 2019
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