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• Internal loads

• Occupants

• Exchange through 
opaque partitions

• Natural Ventilation

• Mechanical Ventilation

• Infiltration



Heating 
Load

Sensible 
Cooling 

Load

Latent 
Cooling 

Load

Continuous Insulation

Air-Tight Construction

Optimized 
Windows/Shading

Balanced Ventilation 
w/Heat & Moisture 
Recovery



RESULT OF APPLYING PASSIVE BUILDING 

PRINCPLES:

SENSIBLE COOLING LOAD

LATENT COOLING LOAD

SENSIBLE HEAT RATIO



SENSIBLE 

HEAT 

RATIO

=
𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐿𝑜𝑎𝑑

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐿𝑜𝑎𝑑

SHR = 1, No latent load

HIGH SHR = Low latent load 

relative to total load

LOW SHR = High latent load 
relative to total load



VLI (Ventilation Load Index): 

“the load generated by one cubic foot per minute of 

fresh air brought from the weather to space-neutral 

conditions over the course of one year”
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PsyCalc
Hours between
65oF DB
85oF DB
>65 gr/lb

Chicago, IL
1760 hours

20% of year!



PHIUS+ 2015
Performance based standard 
with prescriptive requirements
 Concerned with both energy and 
comfort

1. Defines infiltration limit
2. Defines ventilation 

requirements 
3. WUFI Passive software used 

for compliance



0.05 CFM50/ft2envelope
OR 

0.08 CFM75/ft2envelope

AIR-TIGHTNESS
PHIUS+ 2015 Requirement



SUMMARY OF VENTILATION REQUIREMENTS

1.11: Rater-measured bathroom exhaust rates meets one of the following: 

>= 20cfm continuous OR 50 cfm intermittent

1.13: Rater-measured kitchen exhaust rates meets one of the following: 

>=25 cfm continuous, 100 cfm intermittent for range hoods, or 5ACH based 

on kitchen volume

PHIUS+ Certification GuideBook v1.1

PHIUS+ Single Family Quality Assurance Workbook v4.0

- Unbalanced has consequences for both energy modeling, building 

durability and IAQ

- Heat recovery is not required, or more than one fan necessarily, but air 

flow balance is required

- All air flow must be within 10% supply/exhaust, or below a 5 Pa 

pressurization / depressurization due to the whole-building ventilation. 

Balanced Ventilation Required



WUFI PASSIVE
ANNUAL LATENT COOLING DEMAND (kBTU/ft2.yr)

Influenced by:
• Natural ventilation (windows), day & night
• Mechanical ventilation 

• Includes latent recovery 
• Includes bypass/economizer mode 

• Infiltration
• Maximum dehumidification ratio -- default = 

0.012 lb/lb (can input different value)
• Internal sources – default value of 0.00041 

lb/ft2.hr  (can input different value)



PHIUS SET-POINT FOR MAX DEHUMIDIFICATION RATIO IS 0.012 lb/lb
(77F, 60% RH, 62F DP)

ASHRAE HANDBOOK HVAC APPLICATIONS – CHAPTER 62 
(75F, 50% RH, 55F DP)



WUFI PASSIVE RESULTS WITH 0.012 lb/lb MAX DEHUMIDIFICATION RATIO

WUFI PASSIVE RESULTS WITH 0.009 lb/lb MAX DEHUMIDIFICATION RATIO

Latent cooling demand estimated almost 2x higher with new set-point!!



WUFI PASSIVE 
MANUAL J - LATENT COOLING LOAD (kBTU/hr)



WUFI PASSIVE – Dynamic (WUFIplus) 

Abbate Case Study – Austin, TX
Moisture Flows



Moisture Buffering Effect on Daily RH Fluctuations

Moisture buffering capacity of the envelope dampens daily indoor RH 

cycles



CHALLENGES WITH COMPLIANCE 

WITH PHIUS+ 2015 IN HOT/HUMID CLIMATES

1) Dehumidify to lower RH = increased source energy use 

2) Ventilating dehumidifier = difficult meeting heating 
demand & heating load targets for PHIUS+ 2015 
without balanced ventilation with heat recovery



Best Unit:
4.2 L/kWh 

(8.8 pints/kWh) 

= COP 2.6!

Most other high 

performance units 
with COP ~1.5-2 

For heating equip: equivalent to 

HSPF ~8

For sensible cooling: equivalent 
SEER ~12

WUFI PASSIVE RESULTS WITH 0.012 lb/lb MAX DEHUMIDIFICATION RATIO

WUFI PASSIVE RESULTS WITH 0.009 lb/lb MAX DEHUMIDIFICATION RATIO



CHALLENGES OF AVAILABLE EQUIPMENT

1. AIR CONDITIONING UNITS NOT DESIGNED FOR LOW 

SENSIBLE HEAT RATIO

2. MOST COOLING SYSTEMS ONLY CONTROLLED BY DRY 

BULB

3. LIMITED EFFICIENCY OF MOISTURE REMOVAL 

/DEHUMIDIFICATION

4. LIMITED ERV LATENT RECOVERY EFFICIENCY



COMMON MISCONCEPTIONS

1. “ERV IS A DEHUMIDIFIER”

2. “VRF IS THE MAGIC BULLET FOR ALL SYSTEMS DESIGN”

3. “FULL DEHUMIDIFICATION LOAD CAN BE SATISFIED BY 
SLOWING DOWN SUPPLY AIRFLOW RATE”



1). An affordable, efficient, reliable, simple mechanical 

system solution that handles latent loads (ideally before 

introduced to the space).

2). Awareness and capability of AC systems to control 

latent loads

3). Re-think ventilation strategies and requirements?

4). WUFI Passive integrated calculation for latent cooling 

load and output of SHR

5). Deeper understanding of potential of hygric buffering

WHAT WE NEED



WHAT ARE THE 

SOLUTIONS??


