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Understanding and Minimizing Unmet Load Hours – A User Guide  

Part 2: Spaces, Dates, and Hours subject to Unmet Load Hours tests     
— Timothy Moore, IES Ltd., February 2022  

Introduction 

As described in Part 1 of this guide, an unmet load hour is any hour when one or more zones in the building 
are outside their temperature control range. Part 2 of the IES Unmet Load Hours guide describes the space 
attributes and mechanisms that determine which spaces, dates, and hours are subject to UMLH testing.  

Topics covered in Part 2 

• Space types excluded from UMLH checks  

• Settings in Thermal Templates and Space Data 

• Relevance of the ASHRAE-55 Comfort Analysis 

• HVAC Zones and Master Rooms 

• Hours and seasonal date ranges included in automated UMLH testing 

Part 3 will explain relevant user inputs and how UMLHs are calculated within the IES Virtual Environment 
software. Part 4 will describe the use and application of manual UMLH checks for performance 
assessment, tracking down sources of UMLHs, and identifying problematic HVAC zoning. Subsequent 
parts of the guide will present various additional strategies for minimizing UMLHs.  

Space types excluded from UMLH checks  

The UMLHs test applies to fully conditioned occupied spaces in the building, ignoring unconditioned or 
semi-conditioned spaces, to the extent the latter can be determined. The test is intended to count UMLHs 
only during hours when the building is expected to be occupied and the HVAC system is thus fully 
operational. These are the “occupied” hours from the perspective of the HVAC system—i.e., the same 
hours that outside air ventilation must be provided in support of building occupancy.  

The software needs firstly to determine which spaces in the model should be included, and this depends 
upon selection of appropriate Thermal Templates and a number of user inputs. The exclusion logic checks 
the following. Each successive statement must be true in order for a space to be included in the test.1 If 
one or more statement is false, the space is excluded: 

• The room is assigned to an ApacheHVAC system (vs. a simplified Apache system). 

• The room Thermal Template has HVAC Methodology set to ApacheHVAC. 

• The room has not been selected for ASHRAE-55 Comfort Analysis in the Thermal Comfort section 
of the PRM Navigator, which provides an alternative to the UMLH test. 

• The room Thermal Template is designated as included (see checkbox description below).  

• The room is the designated Master Room if it is within an HVAC Zone, or the "Exclude non-

master rooms" checkbox in UMLH parameters dialog has been unchecked.2 

• The room is Conditioned, as set in the Thermal Template or Space Data.3 
                                                           
1 The ordering of these test determines the reason for exclusion that appears on the report. For example, if a room 
is excluded from UMLH testing both by ASHRAE-55 Comfort Analysis and by the Thermal Template Space Type, the 
reported reason will be "comfort" because this is the first of those two exclusion tests encountered. 

2 Prior to VE2021-FP1, UMLHs for an HVAC Zone were determined by the volume-weighted average of conditions 
for all rooms in the zone; however, this was unsuitable for some HVAC zoning schemes. That limitation was 
addressed by excluding non-master rooms. As discussed below, VE2021-FP4 gives users control over this exclusion. 

3 Prior to VE2019, inclusion in the UMLH test was based upon occupancy rather than Conditioned status. This was 
changed to Conditioned status, as there are some spaces or hours for which the UMLH test is appropriate, in spite 
of occupancy being zero for all or some hours in these spaces. 
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Settings in Thermal Templates and Space Data 

The HVAC section on the System tab of the room Thermal template within the Building Template Manager 
includes three parameters that are required to enable inclusion of a space in the UMLH test: 

• The HVAC Methodology must be set to “ApacheHVAC”. 

• The Conditioned status of the room must be set to “Yes”.  

• The Template must be set to “Include in automated Unmet Load Hours testing”.  

 

The “Include in automated Unmet Load Hour testing” checkbox provides a means of manually including 
or excluding particular space types (via the Template) or individual spaces (via Space Data dialog). It also 
provides an indication of which space type templates are excluded by default—e.g., in the case of the 
templates for the ASHRAE 90.1 App. G PRM—as well as means of overriding that default. Note, 
however, that any space type excluded from the UMLH test by unchecking this box will be listed as such 
in compliance/rating reports for the building.  

The standard Void, Return Air Plenum, and Supply Air Plenum template and space object types defined 
in the Virtual Environment are always unconditioned and always excluded from UMLH analyses. 
Therefore, the templates for these do not include the UMLH testing checkbox.  

The default checked vs. unchecked state of the checkbox within each pre-defined room Thermal 
Template, and thus also in Space Data for each room or zone to which the template is applied, varies 
according to the compliance tool being used. For example, for California Title-24, the following space 
types are excluded (checkbox unchecked by default): 

• Commercial and Industrial Storage Areas (Refrigerated), 

• Commercial and Industrial Storage Areas (Shipping & Handling), 

• Commercial and Industrial Storage Areas (Warehouse), 

• Copy Room, 

• Corridor Area, 

• Electrical, Mechanical, Telephone Rooms, 

• Laundry Area, 

• Locker Room, 

• Parking Garage Area (Daylight Adaption Zones), 

• Parking Garage Area (Dedicated Ramps), 

• Parking Garage Area (Parking Area), 

• Restrooms, 

• Stairwell, 

• Unoccupied-Exclude from Gross Floor Area, 

• Unoccupied-Include in Gross Floor Area. 
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There are similar room thermal templates with “Include in automated Unmet Load Hour testing” 
unchecked by default for ASHRAE 90.1 App. G PRM; however, many have different names. What they all 
have in common is irregular occupancy or the assumption that thermal comfort is not intended to be 
maintained in these spaces. While they are not fully unconditioned spaces with zero access to any HVAC 
services, they are also not fully conditioned to setpoints. For example, a corridor may be conditioned 
only by transfer air from adjacent spaces, and given only momentary and irregular occupancy it is 
typically considered acceptable for the conditions in such spaces to stray a bit further from the setpoints 
for regularly occupied rooms. Likewise, an IT closet or an egress stairwell may be only semi-conditioned. 
In other cases, such as a loading dock, the need for exclusion from UMLH tests is even more obvious.  

 

Default “Include in automated Unmet Load Hour testing” checkbox state is shown above for some of the 
ASHRAE 90.1 App. G PRM templates in the tabular-edit view of the Building Template Manager.  

Whether or not the “Include in automated Unmet Load Hour testing” checkbox is editable depends 
upon the requirements of the rating system or energy code compliance tool currently in use. For 
example, in the context of ASHRAE 90.1 App. G PRM the checked/unchecked state is simply a default 
that can be changed as appropriate. In the case of California Title-24, on the other hand, this is among 
the numerous template parameters that are set by the energy code and not user-editable.  
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The state of the “Include in automated Unmet Load Hour testing” checkbox is inherited by Space Data 
for each room to which the Template is assigned, and can be overridden in that location if necessary.    

Relevance of the ASHRAE-55 Comfort Analysis 

In keeping with ASHRAE 90.1 Appendix G, Table G3.1, section 4 Schedules, thermal comfort analysis 
based upon ASHRAE Standard-55 is an alternative path to compliance with UMLHs checks. This can be 
used when human thermal comfort is meant to be maintained by means other than or in addition to 
maintaining temperature setpoints within a controls throttling range. For example, operable windows 
for natural ventilation or ceiling fans to provide air movement may be intended to address thermal 
comfort either in addition to or as an alternative to mechanical space cooling. In support of this, the 90.1 
App. G PRM Navigator includes a dialog for selecting spaces to be included in the comfort analysis, and 
thus excluded from the UMLH test.  
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When spaces are designated for compliance via ASHRAE Standard-55 analysis, their exclusion from the 
UMLH test is noted below the UMLH section in related reports (excerpt from BPRM Report shown):  

 

Users can also select a schedule profile to determine when the ASHRAE Standard 55 Thermal Comfort 
Analysis will be applied; however, this profile does not affect inclusion or exclusion from the UMLH test: 

 

HVAC Zones and Master Rooms 

The designated Master Room within an HVAC Zone will be subject to UMLH testing on behalf of the zone 
whenever the UMLH analysis is applied. As of VE2021 Feature Pack 4, users have control over whether 
or not the automated UMLH tests include or exclude non-master rooms (those without a thermostat). 
When only the Master Room within each Zone is tested, the UMLH reports indicate the exclusion of 
non-master rooms. Either way, it is up to the user to ensure appropriate HVAC zoning such that all fully 
conditioned spaces within each zone can in fact be suitably maintained with respect to thermal comfort. 

An HVAC zone—defined by the presence of a thermostat and means of controlling space conditioning, 
such as a VAV box, fan-coil unit, active beam, or radiant panels—can contain multiple spaces. The space 
with the thermostat is the Master Room. Other spaces in the HVAC zone can be designed to receive a 
fixed proportion of heating/cooling supply air or water, but so long as only the Master Room has a 
thermostat, the other spaces will be subject to modulation of space-conditioning according to the 
variation of loads within the Master Room. This is the fundamental nature of any real HVAC zone.  

In all cases, it is the HVAC designer’s responsibility to ensure that the load profiles—including solar 
orientation, envelope loads, schedules of occupancy, equipment gains, etc.—are sufficiently similar for 
all rooms in an HVAC zone such that a single thermostat can reasonably meet the needs of the entire 
zone. The one exception to this is when the zone includes one or more spaces with significantly more 
relaxed thermal comfort criteria or otherwise deemed “irregularly occupied”. 

The HVAC zone may contain multiple space types. For example, a zone defined by a single VAV box and 
thermostat might contain five offices and a corridor. In this case, one of the offices will normally be the 
Master Room where the zone thermostat is located. The four other offices (non-master rooms) ought to 
have been included in the zone based on the understanding that they have similar load profiles. The 
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Master Room should thus be a reasonable proxy for the space-conditioning requirements in all five 
offices, including the four that do not have thermostats. The corridor in this example, however, will 
likely have differing loads and load profile, and possibly also different comfort criteria and means of 
space conditioning. There may be no solar gain, no exterior walls, minimal lighting, and intermittent 
occupancy. The criteria for adequate thermal comfort may be much more relaxed than for the office 
spaces sharing the same VAV box. And, in some cases, the corridor may not be directly conditioned by 
supply air from the VAV box, but rather assumed to be adequately conditioned by transfer air from the 
offices. As a result, the corridor space would be unlikely to meet the same UMLH criteria as the offices.  

As described under the heading of Settings in Thermal Templates and Space Data, above, each space 
type can be variously included or excluded from UMLH testing in the VE according to a checkbox in the 
associated Thermal Template. In the example above, the corridor space type would typically and most 
appropriately be excluded from UMLH testing as an “irregularly occupied” space. Where such exclusions 
are predetermined, such as for CA Title-24 code compliance, they may be uneditable; however, for a 
Performance Rating Method, such as 90.1 Appendix G, the inclusion or exclusion of space types via the 
checkbox in each thermal template is editable with default by space type similar to Title-24.  

As also described under Settings in Thermal Templates and Space Data, users can, if necessary, exclude 
individual spaces from automated UMLH testing. This may be necessary if the zone includes multiple 
spaces of the same type, with some of these intentionally conditioned only by transfer air from the 
other spaces. This situation requires professional judgement as to which spaces can and should be 
excluded from the UMLH test, as it would generally be a departure from requirements and guidelines 
provided within most codes and standards for which UMLHs are reported. That said, the ability to 
exclude a particular  space from the UMLH test may also be useful when UMLH testing is being used 
specifically to inform design, rather than for code compliance or performance rating.  

Whether excluded by space type at the template level or as an individual room at the space data level, 
each space excluded from UMLH testing will be listed as such immediately below the UMLH test results 
in the compliance or performance rating reports (see examples in Unmet Load Hour Results Reporting 
section of Part 3 of this guidance). Thus the VE provides transparency regarding these exclusions.  

The ability to exclude space types via the template or individual spaces as necessary should cover most 
real-world cases wherein practical considerations require certain irregularly occupied spaces to be 
included within an HVAC zone comprising mainly spaces of another type or load profile.  

There is another mechanism for addressing these real-world situations that was introduced within the 
VE ahead of that described above. Specifically, this is the blanket exclusion of all non-master rooms 
within multi-room HVAC zones, such that only the Master Room in each HVAC zone will be included in 
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the UMLH testing. As this is both generally applied and redundant with exclusion by space type, control 
over this general exclusion of non-master rooms is included from VE2021 Feature Pack 4 onward:  

 

The “Exclude non-master rooms in HVAC zones from UMLH tests” checkbox is provided within the UMLH 
settings dialog (at the bottom of the dialog shown above) for the compliance or performance-rating 
Navigator that is generating the reports. For consistency with UMLH results in previous versions, this box 
is checked by default, and the exclusion of non-master rooms is indicated in the Advisory Messages report 
section. Unchecking this box to include non-master rooms in the UMLH test (whilst not affecting any other 
exclusions) may be requested by a reviewer for the code compliance or performance rating authority. 
Doing so can also be useful for checking the suitability of HVAC zoning in terms the number of additional 
UMLHs when non-master rooms are included.   

Finally, for any given HVAC zone to be included in the UMLH testing, it is essential that the thermal 
template applied to the Master Room for the zone, which is where the thermostat is located, is included 
in UMLH testing. If the entire zone is intended to be excluded, it should comprise only spaces that are 
meant to be excluded. 

Hours and seasonal date ranges included in automated UMLH testing 

The Cooling occupied and available and the Heating occupied and available results variables tell the 
automated UMLH checks which date ranges and hours of those days to test.  

• Cooling occupied and available4 determines hours to which the cooling UMLH test will apply. 

• Heating occupied and available4 determines hours to which the heating UMLH test will apply. 

The ON (1.0 value) vs. OFF (0.0 value) for Cooling occupied and available the Heating occupied and 
available results variables are derived separately for cooling and heating from the intersection of ON 
values for the following two compact profiles: 

• System occupancy schedule set/selected on the System Parameters > Schedules tab, which 
defaults to the pre-defined “System occupied hours” compact profile, but can be user-defined. 

• System availability schedule set/selected on the System Parameters > Schedules tab, which 
defaults to the pre-defined “System seasonal availability” profile, but can be user-defined. 

The Cooling/Heating occupied and available results variables thus represent the intersection of two 
HVAC system operating schedules. The System occupancy schedule says when the HVAC system is 

                                                           

4 For UMLH tests, these results variables replace the Plant profile used prior to VE2018 System Schedules update. 
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intended to provide ventilation and thermal comfort for occupants. In other words, this is a system 
operating schedule to provide the necessary conditions for the design occupancy rather than a schedule 
of human occupancy, which may differ from the system operating schedule. The System availability 
schedule gives the dates when the HVAC system will be available to support occupancy.  

When the System occupancy schedule is on for just a portion of a particular hour, this will result in a 
fractional value for the Cooling/Heating occupied and available results variables. When the value for any 
given hour is 0.5 or less, the automated UMLH tests will ignore that hour; when it is greater than 0.5, the 
UMLH test will be applied to that hour (assuming no overriding exclusions).  

Example: The building is a school that is open and assumed to be fully occupied only on weekdays 
from 7:30 AM to 5:00 PM, as reflected by the System occupied hours compact profile, and only in 
the months of September to June, per the System seasonal availability profile. As the system is 
conditioning spaces for only half of the first hour (7:30–8:00 AM rather than 7:00–8:00 AM), this 
will result in UMLH testing from 8:00 AM to 5:00 PM for the weekdays, and this will be seasonally 
constrained to the months of September to June. The hours could, if needed, also differ by day or 
date range, as determined by seasonal subsets within the System occupied hours profile. 

When simulation results are reported at sub-hourly intervals (e.g., every 30 minutes), the hourly values 
used to determine application of the UMLH test are the average of the values for the Cooling/Heating 
occupied and available results variables at each reporting interval.   

Whenever the simulation time step is shorter than the results reporting interval, as is standard practice 
(e.g., 10-minute simulation time steps and either 30- or 60-minute reporting intervals), the values for 
Cooling/Heating occupied and available results variables at each reporting interval are an average of the 
binary values (1 or 0) for each of the simulation time steps. And, the binary value for each will be 1 (ON) 
if the System Occupancy Schedule had a value of 1 (ON) during any portion of that simulation time step.  

 


