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Understanding and Minimizing Unmet Load Howw&\ User Guide

Part 4:1dentifying problematic HVAC zoning and control issues using manual UMLH tests

This articledescribesthe use and application @hanud unmet load houfUMLH)hecksandrelatedtools
within VistaPraofor tracking down sources of UMLHsuch aspaces withproblematic HVAC zoniray
inappropriate control of space conditioning. This incluebgslanation and examples of the following

1 Manual UMLH testingundamentalsand applications

1 Identifying problematic HYAC zoning

1 Short simulationsin support of manual UMLH testirigr initial performance assessment

1 Selective focus on problem zonegdgreak loaddate ranges.

1 Uncovering and resolving HVA@ntrol issueghat result in UMLHs

Part 5 will therdescribestrategies forappropriate HVAC zoning reduceUMLHSs in simulatigrthus also
informing and improving the consistency and controllability of thermal comfort in the HVAC system design
for the actual building. Parts;&0 wil coverother aspects othe model set up, applicatigreonfiguration,

sizing of HVAC systenasd soforth that may also affect UMLHSs.

Look for an update oUMLH Guidance Part 4(this article)following the VE2022 Feature Pack 1 release,
which will include an improved user interface for manual UNBdtswithin VistaPro.
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Manual Unmet Load Hour Checks

Manual UMLH checks can be performed using the Range Test analysis tool in the VistaPro results view, as
shown below. Manual testing of UMLdsovides full control over the spaces, dates, and hours included

in the test, inputs for temperature control tolances, and separate listing of heating and cooling UMLHs

for each selected roonThisallows users to locatparticular spaces within the model for which there are
excessive UMLHSs, and to then evaluate the UMLHSs in such spaces with respect tosafobimtelation

to other rooms within the same HVAC zone.

E Chart(1): Fri 01/Jan to Fri 31/Dec — O X
Output Analysis Help
BB reEdm 2B, cEFLOEE R

Variable:

Air temperature (°F [ Per System occupancy schedule > ]

Month: |Jan | Feb Mar | Apr May Jun Jul Aug Sep Oct MNov Dec

Day: Mon | Tue Wed Thu Fri | Sat Sun
Time: |5 00;00 2/to/ 2 24:/00 2
Predefined Range Settings: Test:
[ D T - ] Test tempe.ratures in controlled 'band’,
tolerances in °F
(O Greater than Heating - | 2 £ Apply
(O Between Cooling +
(O) Less than 0 h-l Chart
Between room set-points
Save | Import | Delete [© (+/- differential tolerances}] [ Averaged, shared hours for 'unmet-hours' test ]
Airtermperature (°F) - hours in range
File Location < (Heating set point-2.00) |ContrDHed hand |> (Cooling set point +2.00)
p_PRMw Restr| L1 Atrium Occ 0.0 3234.0 0.0
p_PRMw Restr|L1 Data Center 1.0 32330 0.0
p_FPRMw Restr|L1 Conference - Meeting Hall  [0.0 3234.0 0.0
p_PRM w Restr[L1 Office 1 40 32300 0o
p_PRMw Restr[L1 Office 2 1.0 32330 0.0
p_PRMw Restr|L1 Restroom 21.0 1640.0 1573.0
p_PRMw Restr|L2 Office Open Plan North 0.0 3234.0 0.0
p_PRMw Restr| Shared hours ('OR' tests) 21.0 3234.0 1573.0

The manual UMLH test can be applied to any set of spaces in the building and any range dfidaites.

the VistaPro browser tree, select the rooms to be testselect theAir temperatureroom variable, open

the Range Testand set the other parameters in that dialog as shown above. As described below, it will
sometimes be desirable to use different tolerance values, which define the limits of the controlled band
(relative to the setpointswithin which the temperatures are intended to be maintained.

Once all parameters have been set as shown above or as desired otheralisk theApplybutton to
update the results in the table. With all conditioned spaces selected, the total shared reportedas
outside the heating and cooling control rangeghe bottom row are collectively the Unmet Load Hours.

A space temperature is considered out of range (udde=ted or undefcooled) for any hour when the
average temperature for that hour iselow the heating setpoiniinusthe control band tolerance or
above the cooling setpoint plus the control band tolerance. This Isg@ilso used ithe automated tests.

¢KS WaKlFNBR K2dzZNEQ YA 3 Kiest, with each h@udeauiitédn2ofice ivendny f 2 3A O
one or more rooms in the currently selected set of rooms is/are out of rahge.term®hared hour®

refers to the tally of all unique hours for which space temperatures are below, within, or above the
controlled band for all rooms ithe test. Thus, if multiple rooms have a temperature outside the
controlled band during the same hour of the same day, this is counts as a‘Smayied hou®
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To be consistent withutomatedcalculations underlying the UMLH reports generated by the compliance
and rating systenWorkflow Navigatorsthe manualselection of rooms should account for exclusafn
unconditioned and sengonditioned spaces, per Thermal Template or Space Datatrenseettings in the
Range Tedlialogshould in most casesbe as highlighteth the Range Test dialog shoahove.

There are, however, exceptions to default UMLH test settings shasm For examplethe automated
UMLH test for CA Titl24 Energy Code @mpliance requires the Control throttling range to be just 2°F,
andtherefore the manually set tolerance valu@s the Range Testhould be +/ 1°F (half the throttling
range)in orderto be equivalent to this particular automated UMLH test.

*The prototypeHVAC systems and System Parameters user interface in ApacheHVAC are set up to use a
linked trio of compact profiles (either the default setorauBeB FAY SR abSg LINBFAE S &S

within the System Parameters Ul) faystem Occupancy Sched@estem Operation ScheduykendSystem
Availability Schedu)eas shown below:

System schedule profiles

System occupancy schedule: System occupied hours v Y
(‘open’ hours; excludes 'extension' periods)

Link operation and availability profiles @ = New profile set... Copy profile set... {#
System operation schedule: System extended hours v
(‘open' or 'occupied' hours, plus 'extension’ periods)
System availability schedule: System seasonal availability v

(seasonal availability)

If needed, however, user may assign fimked standard modulating weekly and annugl prpfiles for these A
purposesSo long as these profiles are properly selected withinthe Syste NI YSGSNA ! LY GKS
¢S

200dzLd yOe &d0OKSRdA 8¢ a8t 80GA2Y 6AGKAY G(KS whky3s
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Applications forManual UMLH Testing

Suitability of HVAC Zoning

The manual UMLH testin be used to identify rooawithin any multi-room HVAC zone thatvediffering
load profiles This isndicated by some rooms within a zone having significantly greater numbers of UMLHs
as compared to the master room (where the thermostat is located).

Chart(1): Tue 20/Jul to Fri 30/Jul

Qutput Analysis Help
HEBREAM2I0EL ECEFRKILOEN &
Variable: 7
JAir temperature (o) | Per System occupancy schedule v
Month: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Day: Mon Tue Wed Thu Fri Sat Sun
Time: o 00:00 2 tof2 2400 2
Predefined Range Settings: Test:
v Test temperatures in controlled 'band’,
Number of hours... ok in °F
(O Greater than Heating - 172 G Amy
O Between Cooling + | 2
(O Less than . = " ik Chant
’ Between room set-points s
Save Import Delete ® (+/- differential tolerances) [/] Averaged, shared hours for 'unmet-hours' test
Air temperature (‘F) - hours in range
File Location < (Heating setpoint-2.00) | Controlled band |> (Cooling set point +2.00)
05c IDDE VAV -|FO1 - R001 Open Plan Office (0.0 90.0 00
05c IDDE VAV -| F01 - R002 SE Office 00 900 00
05¢ IDDE VAV -|F01 - R003 Conference Room (0.0 90.0 00
05¢ IDDE VAV -|F01 - R004 Restrooms 00 90.0 00
05¢ IDDE VAV -|FO1 - R00S IT Server Room 00 90.0 00
05¢c IDDE VAV -| F01 - R006 Lobby-Stair 00 90.0 00
05c IDDE VAV -| F01 - East comdor 00 900 00
05c IDDE VAV -| F01 - East connector hall 00 90.0 00
05¢ IDDE VAV -| F02 - R0D7 Office - NW 0.0 30,0 0.0
05¢ IDDE VAV -[F02 - R008 Genome Research-| 0.0 90.0 00 )
05c IDDE VAV -|F02 - R009 Genome Research-|00  Offices 08-11 90.0 00
05c IDDE VAV -|F02 - R010 Genome Research-[00  North Zone 90.0 0.0
05c IDDE VAV -\F02- R011 Genome Centrifuge - 0.0 57.0 2
05¢ IDDE VAV -|F02 - R012 Office - NE 00 90.0 0.0
05c IDDE VAV -ff02 - R013 Office - SW 00 86.0 40 )
05c IDDE VAV -|F02 - R014 Office - South 00 Offices 13-16 0.0 00
05c IDDE VAV -|F02 - R015 Office - South 00  South Zone 90.0 00
05c IDDE VAV -|F02 - R016 Office - SE 00 730 17.0
05¢ IDDE VAV -\c02 - Stair & corridor 0.0 90.0 00 )
05¢ IDDE VAV -| Shared hours ('OR' tests) 00 90.0 440

The UMLHs ind®dm 011 Genane Centrifuge which isjust one ofthe four rooms inthe FO2 Offices 0&1
North zone,brings our attention to the first example of inappropriate HVAC zoning in this model.

Part 4: Identifying problematic HVAC zoning and control issues using manual UMLH tests Page4



INTEGRATED
ENVIRONMENTAL
SOLUTIONS

@ Fo2 - Offices 08-11 - North (4)
& FO2 - RO0O8 Genome Research - North
@ F02 - RO09 Genome Research - North
@ F02 - RO10 Genome Research - North
N @ F02 - RO11 Genome Centrifuge - North
\ i @ FO02 - RA plenum
® FO2 - SA plenum

As we can see in the model image above, the other three rooms in the same zone are also on the north
facade and all four rooms are the same size and have the same amount offagirig glass. Thus the
building architecture, orientation, etc. are unlikeétybe the source of any difference in UMLHs.

Chart(1): Mon 26/Jul to Fri 30/Jul - O X
Qutput Analysis Help

HE QB EGMLIGEL ECEFREILOERE R
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Date: Mon 26/Jul to Fri 30/Jul

|

1

Temperature (°F)

e Air temperature: F02 - R0O08 Genome Research - North (05¢ IDDE VAV - Poor Zoning.aps)
= Air temperature: F02 - R009 Genome Research - North (05¢ IDDE VAV - Poor Zoning. aps)
e Ajr temperature: F02 - R0O10 Genome Research - North (05¢ IDDE VAV - Poor Zoning aps)
e Air temperature: F02 - R0O11 Genome Centrifuge - North (05¢ IDDE VAV - Poor Zoning aps)
HVAC zone cooling setpoint: F02 - R008 Genome Research - North (05¢ IDDE VAV - Poor Zoning aps)

This plot of room temperatures against the zone cooling setpoint shows that one of the four rooms in the

zone is most definitely and outlieklthough it might not be so obviously named within a large institutional

0dzAt RAYy3Z LQ@S (I 1Sy GKS f A 0GeNdmeCergrifugeNas ifis tifsloylyd K A &
one of the four Genome Research rooms that has the additional internal fyamshe centrifuge And

most notably, as a result of how the researchers expect to use the centrifuge, the internal gain profile for

this space differs substantially from the load profiles for the other rooms in the zone.

Because the other three GenonResearch rooms have similar load profiles, the thermostat could be
located in any one of them, and the outcome would be equally good with respect to those rooms. As the
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Genome Centrifuge room is overheated by internal gains in the morning and then owefdgothe zone

VAV boxn the afternoon, it would make a very poor master room location forzbaethermostat. So

long as the use of the centrifuge is going to be concentrated in the early part of the day as represented by
the internal gain profile, thaspace is going to need its own thermostat and VAVibaxder to maintain

room temperatures within the control band

There are many analogous examples of spaces in healthcare, schools, conference centers, office towers,
theaters, universities, resortpenitentiaries, and on wherein one might be tempted to combine rooms

with disparateoperatingschedules into an HVAC zone for the sake of saving first cost on VAV boxes and
thermostats or similar terminal equipmeninevitably, however, if the schedule$ euseand substantive

internal gainscannot be reasonably aligned, there will be issues of over/under heating, over/under
cooling, or both. And, no amount of oversizingd véisolve a significant mismatch of load profiles for rooms
within a zone. There armyriad realworld examples of (most commonly) spaces that are chronically
overcooled for lack of sufficient turndown that is the product of oversizing in an attempt to accommodate
load diversity.

@ r02 - R0O13-16 South Offices (5)
§ F02 - RO13 Office - SW
§@ F02 - RO14 Office - South
§ F02 - RO15 Office - South
& F02 - RO16 Office - SE
& FO2 - Stair & corridor
® F02 - RA plenum
@ F02 - SA plenum

Looking once again at the results of our manual UMLH wesgee thatwe also have quite a number of

UMLHSs in both R013 Office SW and R016 Office SE. In this case, the current HVAC zoning includes these
two rooms within a fiveoom zone having its thermtest located ina relatively central common space
situatedamong themalong the south facade
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Chart(1): Wed 28/Jul - ] X
Qutput Analysis Help
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= Air temperature: F02 - Stair & comdor (05c IDDE VAV - Poor Zoning.aps)
HVAC zone cooling setpoint: F02 - Stair & comdor (05¢ IDDE VAV - Poor Zoning aps)

This first plot showing the cooling setpoint and the temperature in the zoasten roont the location

of the thermostat(abovel on one of our illustrative hottsnmer days tells us that the system is doing a
great job of cooling the master room under these conditions. The space is adligtiyy over-cooled,
with its temperature hoveringear the middle of the deadband atound 73.5°F , rather thamearerthe
cooling setpoint of 75°F
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(24 Chart(1): Wed 28/Jul — O X
Qutput Analysis Help
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w—— Air temperature: F02 - R013 Office - SW (05¢ IDDE VAV - Poor Zoning aps)
w— Air temperature: F02 - R014 Office - South (05¢ IDDE VAV - Poor Zoning. aps)
w— Air temperature: F02 - R015 Office - South (05¢ IDDE VAV - Poor Zoning.aps)
~ Air temperature: F02 - R016 Office - SE (05c IDDE VAV - Poor Zoning.aps)
~— Air temperature: F02 - Stair & corndor (05c IDDE VAV - Poor Zoning aps)
HVAC zone cooling setpoint: F02 - R013 Office - SW (05¢ IDDE VAV - Poor Zoning.aps)

When we add émperatures for all rooms in the zore our next plot (above) we can see quite clearly
that there is a significant temporal mismatch of load profiles for-ntaster rooms relative to the zone
master room.And, given that the morning overheating is occurring in the room that includes some east
facing glass, and the latgternoon overheating occurs in the room that includes some viesing glass,

it is undoubtedly solar gain through these east and west wivalthat is at odds with the current zoning
and associated thermostat locatiolt thenfollowsthat breaking this HYAC zone irtteo or moresmaller
zones each having their owthermostat and terminal unit wilvery likelybe necessary if we intend to
consistently maintain thermal comfort in all of these spaces. Alternatively, we could go back to the
underlying architecture of the buildingfie size shape and distributionof windows, or the selection of
glazing units taeduce the solar gain at the eambd west facades.
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B3 Chart(1): Tue 20/Jul to Fri 30/Jul

Qutput Analysis Help
BB RREaM2LI0RL EEFRLOENG
Variable:
[Air temperature (oF) | Per System occupancy schedule v
Month: Jan Feb Mar Apr May Jun Jul Awg Sep Oct MNov Dec
Day: Mon Tue Wed Thu Fri Sat Sun
Time: |2 00 ;00 * to|* 24,00 *
Fredefined Range Settings: Test:
o Test temperatures in controlled 'band’,
Number of hours... ol n oF
() Greater than Heating - | 2 © Aoy
O Between Cooling + |2
() Less than o iy Chan
Between room set-points '
Save | Import Delete ® (+/- ddferential tolerances) [] Averaged, shared hours for ‘unmet-hours' test
Air temperature ('F) - hours in range
File Location < (Heating set point-2.00) | Controlled band |» (Cooling set point +2.00)
05cIDDE WAV - Opt Startaps |F01 - R001 Open Flan Office |00 90.0 0.0
05¢ IDDE VAV - Opt Stataps |F01 - R002 SE Office 00 900 0.0
05¢IDDE VAV - Opt Startaps | FO1 - RO03 Conference Rioom |00 900 0.0
5cIDDE VAV - Opt Startaps |FO1 - R004 Riestrooms 00 90.0 0.0
5cIDDE VAV - Opt Startaps |F01 - East comdor 00 900 00
5cIDDE VAW - Opt Startaps |F1 - East connecior hall 00 900 0.0
05c IDDE VAW - Opt Startaps |FO2 - RO07 Office - NW 00 90,0 0.0
05c IDDE VAW - Opt Startaps |FO2 - RO0B Office - North 00 90.0 0.0
05c IDDE WAY - Opt Startaps | F02 - RO09 Ofice - Narth 00 900 0.0
5cIDDE YAV - Opt Startaps | F02 - RO10 Office - North 00 900 0.0
5¢ IDDE WAV - Opt Startaps |FO2 - R011 Office - North 00 90.0 0.0
5¢ IDDE VAV - Opt Startaps |F02 - R012 Office -NE 0o 900 0.0
05c IDDE VAW - Opt Startaps |F02 - R013 Office - SW 00 900 0.0
05c IDDE WAV - Opt Startaps | F02 - R014 Office - South 00 900 0.0
cIDDE VAY - Opt Startaps |FO2 - RO1S Office - South 00 900 0.0
cIDDE VAV - Opt Stataps |F02-RO16 Office - SE 00 900 0.0
cIDDE WAV - Opt Startaps | Shared hours ('O tests) 00 90,0 0.0

After fixing the zoning issues describegthe results of the manual UMLH test for our quick check of ten
hot days appear asbove(no UMLHSs for this test periodgonfirming that the zoning changes addressed
the issues of mismatchieloads or inappropriate thermostat locations (master room designation) for
rooms within HYAC zones
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Temporal distribution oRoomLoads within a Zone

Chart(1): Mon 02/Aug -\ %
Qutput Analysis Help
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= Space conditioning sensible. FO2 - R013 Office - NE (MS Test VE2021-FP3 PRM - RH ctrl ON - Aug .aps)
- Space conditioning sensible: FO2 - R0O14 Office - North (MS Test VE2021-FP3 PRM - RH ctrd ON - Aug .aps)
=~ Space conditioning sensible: F02 - R015 Office - North (MS Test VE2021-FP3 PRM - RH ctrl ON - Aug aps)
= Space conditioning sensible: FO2 - RO16 Office - NW (MS Test VE2021-FP3 PRM - RH ctrl ON - Aug aps)

Looking for differences in space conditioning requirements over the course of a day, as illustrdted i

XY plot above, can also be instructive regarding inappropriate zoning. You can see in this example the
R016 Office load peak notably earlier in the day, and the R013 Office loads peak late in the day. If all four
of these spaces are within a singl¢AfC zone and thus sharing a single VAV box or similar terminal unit,
these differences in load profiles, as well as the location of the thermostat, may or may not be enough to
cause thermal control issues, comfort issues, or both.

The manual UMLH teshowever,is perhaps the most efficient way to find the spaces for which this may
be a problem in terms of maintaining thermal comfort. Once the trouble spots beerlocated, analysis

of load profiles is one of many tools available to investigate the source of the resulting UMLHs and what
might best be done to resolve that in terms of design, controls, or modeling.

Avoiding UMLHs associate with HYAC zoning

Whenthere aresignificantUMLHSs in noamaster rooms within a zone, this suggests inappropriate zoning,
which is a relatively common a source of thermal comfort issues and excessive energy consumption in
real buildings. Zoning to minimize UMLHs and maximize thecatability and thermal comfort provided

by an HVAC system will be covereddMLH GidancePart 5.

Note also that for the automated UMLH tests, as described in Part 2 of this aatidled E Of dofaStery 2 y
NE2Y&a Ay 1 +!/ 12ySa TFibpovidepvathin the iUREHséttihgs Gi&dgrithed 2 E
bottom of the dialog shown abov&r the compliance or performanceatingNavigator that is generating

the reports.This allows users to exclude noraster rooms where this is appropriate for a partaoutode
compliance or performanceating requirements. For design purposes, however, it is recommended that
non-master rooms always be included in both automated and manual UMLH tests, as checking for UMLHs
in a nonrmaster rooms is an excellent means oécking the suitability of HVAC zoning.

Finally,as also covered iRart 2 of this articleany particular space intended to be only sesonditioned
and yet included within a larger HYAC zone for the purpose of getting some degree of conditioning from
a common terminal unit can be excluded from automated UMLH testing. For example, a corridor or
stairwell that has no thermostat and may have a differing load profile might be inclidboh the same

Part 4: Identifying problematic HVAC zoning and control issues using manual UMLH testPagel0



INTEGRATED
ENVIRONMENTAL
SOLUTIONS

HVACzone as a set diilly conditionedoffices, classrooms etc. In the context of the automated UMLH
testing, the semtonditioned space is excluded by unchecking a tickbox at the top of the System tab in
either the Thermal Template or Space Data. In the context of manual UMLH testing, this is simply a matter
of the rooms within each zone that aselected for the range test.

Identifying Issues with Model Setup, HVAC Controls, etc.

The manual UMLH testn similarly be valuable for spotting rogue zones resulting from other issues with
model set up or HVAENtrol settingghat compromise the maintenance of space conditioning setpoints

In most cases, a manual UMLH test with tolerance values set consistent with the control throttling range
will be sufficient to highlight the spaces where the temperaturgpeetts are insufficiently maintained,

and thus there is likely an issue with zoning (as discussed above), HVAC sizing (as will be covered in Part 6
of this article) HVAGcontrols or other aspects of the model setup fully worked example of using the

manual UMLH test to sort out such problems is providethe last main section of this arti@eExample

of Manual Testing to Check and Reveal Potential Sources of @MRHs

In other cases it may be valuable to adjust the tolerance values in the manual téstltd something
either greater than or less than half the control throttling range.

9 For diagnosis of excessive UMLHSs in particular spaces, it can be useful to see how many UMLHs
continue to be reportedvith incrementally greatetolerances.

9 For design and control optimization purposes where tight temperature control is desirabdan
be useful to reduce the throttling range to see how well the controls are already working to
minimize UMLHSs within a tighter control randge.( before actually redung the throttling range
for the controls, which can in some cases lead to increased energy consumption).

Test temperatures in controlled 'band’,
tolerances in °F

Heating - | 2 I Apply I
| Cooling + | 2 |
li, Chart
Incrementally revising the tolerance values and then clickipgiywill reveal thetemperature threshold
relative to the heating or cooling setpoirdaf which the UMLHappear for any particular spac&his is

useful for determining frequency with which a space temperature is straying belowahing setpoint
minusthe control band tolerance or above tlw®oling setpoint plus the control band tolerance

For example, if a particulanodel space has 100 heating UMLHs at an initial heating control tolerance

value of 2F, this telsyou only that its temperature is straying at leaSFRelow the heating setpint, but

not how muchfurther below the setpoint it may be droppinglf you then revise the heating control
toleranceto 2.5°Fand the 100 UMLHs for that space are reducedto i A G Qa Of S| NJ G KI
under-heated hoursn that spacenave an agrage temperature between 2° and 2Fbelow the heating

setpoint. This might suggest a minor issue with zoning or system heating capacity. If, on the other hand,

you were to revise the heating control tolerance valaeli°Fand the 100 UMLHs for that spacemaired

unchanged, itvould beclear that there is a significant issue with adequately conditioning that space.
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From there you will want taleterminethe dates andimesthese UMLHs$end to occurr, the coincident
outdoor conditions, contributions to #load at those times, and whether or not HVAC equipment such
as coils serving the space are providing their target supply air or supply water tempefatile space a
non-master room in a zone (thus not having its own thermostat), as discussed abmvédtere relevant
contributions to the loadsuch asolar gains, gains or losses throwgivelope anddjacenciegnfiltration

or ventilation, internal gains, etc., that are unusually high at the time of the UMlL&i#%ere a supply air
temperature thatis not as cool or hot as would be requested by the zone controller at those times of
insufficient conditioning? If so, can this be traces back to a HWL or CHWL supply temperature reset that
is driven by something that is not in sync with the load proffi¢he zone that has UMLHs.{¢.,a HWL
supply temperature that is reset according to overall HWL loads that are low for most of the building when
the particular zone in question still has relatively high heating 19&ds

Exclusions

In some cases, manuaMILH testing will simply highlight a room, such as a ssnitioned stairwell,
restroom, or similar, that really should be excluded from any automated UMLH testing used in generating
compliance reports.

The first manual UMLH tegpresented in this partie, provides an example of thisoFa building model
in Orlando, rida, the restroom that is sertonditioned only byan exhaust fan and transfer afrom

adjacent spaceisa bit on the warm sidéor averylarge number of hoursComparing results fahe room

temperature and cooling setpoirtonfirmed that the restroom ranged from 0.5 t6¢Routside of the
cooling control band for the adjacent fully conditioned spaces.

Thisis a moderate degree of overheatingnd most occupantmight not be botheredby it. It may be
acceptable as a matter of the building owners requirememtsus when using the UMLH test as a design
tool, you may want to include spaces such as this to gauge how much of the time they are likely to stray
outside of the desirable rangd thermal comfort.For example this mightprovide means of assessing
whether the amount oftransfer airis sufficient to maintain acceptable thermal comfort, even when the
intent is not to maintain temperatures in the same range as a fully conditioned space.

This overheating is, howevernough to make the UMLHSs value for the entire building unaccepiable
the context of code compliance or building performance ratifgus, it is essential that unconditioned
and semiconditioned spaces argppropriatelyidentified andexcluded fromanyautomatedUMLH tests
via the checkbox for this purpose on tBgstentab within the Thermal Template or Space Data

If you are expecting to see thmanual UMLHange test replicate the results of the automategiiL Htest,

the exclusiongnust be consistent. That includes all exclusionsimdonditioned orsemiconditioned

spaces nonmaster rooms, and spaces using ASHRAE 55 comfort analysis to demonstrate compliance in
lieu of UMLH testing

ShortSmulations for Initial PerformanceAssessment

One of the best ways to avoid unexpected unmet load hours (UMLHS) is to firstlytbhethe model

and associated HVAC system(s) are correctly set up, configured, and controlled prior to running full annual
simulations.There are a number of ways one might do thelhe focushere is on running informative
simulations for short bumeaningful date rangesnd then using the manual UMLH check and other tools
within VistaPro to locate spaces or conditions for which setpoints are not being sufficiently maintained
Thissupports iterative refinements and can save a lot of timleen working with a large building model.

Approach

In preparation formanual UMLH testing, and preferably before performing any full 8/¥&f annual
simulations with either a newly completed building model or a newly added, replaced, or substantially
revised HVAC system, it is helpful to run abbrevidtaitting and systa performancesimulations.
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Following thecompetition of a building model andoth Room/Zone loads analyses and HVAC System

[ 2T RA YR {ATAy3sZ AdQa date rAmes hat iRtSst thelp@fordmahde 6fGhe ¢ 2
model and systems up tthis point. While changes to the model or HVAC systems may at some point
ySOSaaaalriS NB@GAaAyYy3d GKS NIy3dIS 2F RIFIGSa e&2dz2QNB (S
and can usually be used to test a wide range of alternatives and modaeIgygtem control refinements.

Short simulationausing these date rangés test fundamental aspects of performance should be repeated

after any substantial changde the building, HVAC system, eéighen the results of short simulations look

good in termof UMLHsand plotted zone and system parametaesfiect the intended building operation

and system controlghen move on to full annual simulations.

As additional results require longer simulation times, are often unnecessary at this stage, and cae obscu
the most meaningful data, is useful to focus on a relatively small number of days for each test case.
Typically running5¢10 daysimulations foreach of the followingwo test casesvill be most instructive

1 Peak days of cooling season
1 Peak days of heating season

Depending on the building type and climate, it might make sense to focus first and foremost on just one

of these. For example, for a cel@ad-dominated building in a warm climate, you will likely do well to

focus on running th Peak days of cooling seassimulation revising the model or controls accordingly,

and repeatinguntil the results are solid for that test perio@nce having achieved that, then test the peak

heating condition.On the other hand, for a skilmad-dominaed building in a cold climate, it may be

helpful to focus firstly on thdeak days oheatingseason! &8 (G KS&S | NB aK2NI NHzyaz
additional time needed to test both whenever you think that might be informative. The key, however, is

to sufficiently focus your efforts on one set of conditions over a modest number of days so that you can
NBIffe aSS ¢gKIGQa ¢62NJAYy3a YR gKIFIG AayQiz FyR dza$s
and refinements.

ASHRAE Loads vs. full Dynamic 3ation in ApacheSim

Whereas the results from the ASHRAE Loads run for HVAC System Loads and Sizing provides plenty of
useful information, both in terms of likely date ranges for peak loads and associated performance, the
HVAC systems waterside loops andcimenical equipment are not yet actually modeled. Furthermore,

the Heat Balance Method used in the ASHRAE Loads run is a constrained form of simulation with design
loads, sinusoidal outdoor temperatures for cooling loads, and a fixed outdoor conditioadting loads.

Thus, while this stage of the processes is ideally suited to defining and simulating the loads that the HVAC
equipment must address, it is really modeling only the performance of the HVAC airside configuration and
controls in the context oftte building envelope, design internal gains, and design outdoor conditions.
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Chart(3): May to Sep = O X
Output Analysis Help
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For examplethe cooling coil loads from the .CLN file for the System Cooling Loads & Sizimtheuplot

above suggests that August is the peak cooling month. Based on the ASHRAE Design Weather data, it was
the peak month for cooling loads sizing. As we want to run short simulations that include modeling of all
HVAC systems, equipment, and cordtdiowever, we really should look for a particular range of dates

for high cooling loads in the context of the full 8,768ur simulation weather file.

SelectingSimulationDate Ranges to Test

To selecpeak heating and coolingate rangedor the briefinitial performance assessment simulations
assuggested above, it is bestwiew the simulation weather filand related loadsvithin VistaProThere
are two general approaches to this, each offering some advantages and potential time gaaitigslaty
when workingwith a large building model

1) Ideally, use a simplified model of the building previously created for the purpose of conceptual
design analysis. If you have not already done so in an earlier design pieade,asimplemodel
comprising aminimal number of space®.q.,use the Schematic Geometry Wizard in the New
Project start view to create a simply rectangular model with perimeter zones and add
appropriately representative glazing percentages to each orientation, then assign constsuctio
and internal gains similar to the actual building model).

Then run an annual simulation for this conceptual or simplified model to provide a quick and
readily explored means of analyzimgeather parameters and buildinpads for various date
ranges Fa this approach, you willypically use simply bar charts, XY plots, atite peak time
table in VistaPro tdocate thedates of peak cooling and heating loaddyich again you would
ideally have done already during conceptual desigm matter of informig design strategy
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i Chart(2): VE Graph
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A bar charbr histogramof Space conditioning loadéth the variables for all rooms combined as
one (above) provides a quick determination of peak months for room sensible heating and cooling
loads. In this case, we will look at selecting date ranges within January and July.

IE Chart(3): Fri 01/Jan to Sun 31/Jan
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Combinedoom-level Space anditioning loaddor the buildingin January suggests using the first
full week or the last full week of the month for oBeak days dfieating seasordate range. This
is not meant to be precise, just representative for testing response to peak heatidg. o

1 Chart(2): VE Graph - O %
Qutput Analysis Help
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B ApHVAC cooling coils total load: (p_MS Test VE2021-FP2 for PRM repaorts .aps)
B ApHVAC heating coils load: (p_MS Test VE2021-FP2 for PRM reports .aps)

If you have run an ApacheHVAC system in your conceptual design/simplified, yodelould
similarly use a bar chart of system coil loads for selection of the peak months.
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Chart(1): Thu 01/Jul to Tue 31/Aug
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This plot of ApacheHVAC cooling coil loads suggests ttesttine building and systems respse

to peak cooling loads in the context of the simulation weather file, we ought to be looking at the

last three days of the first full week in July. For some diversity of conditions to explore, we might
include a few more ays to encompass five or six days of that week or perhaps the middle of that

6581 GKNRIdAK G(KS YARRES 2F (KS ySEGo® ' FSg RI &
for each test run, and we might see unexpected outcomes on those days.

Alternatively make the selection of date ranges bagest on the simulation weather file. If you

R2y Qi | f NBFRe KIFI@S I &aAYLIAFTASR Y2RSt FTNRY (KS
be a faster route to selecting a suitable set of dates.

If you have run my simulations for the current project of other projects in the same location (i.e.,
using the same weather file) simply access one of those simulations in VistaPro, select the
Weather results category, and then Bylb temperature Wet-bulb temperature etc.

If you have yet to run simulations with the weather file for the current project, you can still access
it from the VistaPro menuslect Open Weather Filghen navigate to and open the simulation
weather file assigned to the projedo¢ VE2021 aneéarlier versions running on a staiatbne PC

this would typically be located in the\@rogram Files (x88$Shared ContentVeather) Once
opened in VistaPro, the weather file will be gelected on the Files list. Then check the box for
Weather variakes in the Categories tree and select relevant outdoor variables, such @siDry
temperature, Wetbulb temperature, External relative humidity, and Global [solar] radiation.

Professional judgement will be needed to decide which variables are most mélésathe
particular building and climate. ¥ & 2 dzZQNB dzy OS NI | A y-Bulb&dgdeiaturd. i | NI
Whereas this may not pinpoint the conditions of the annual simulation with the very highest

[ON
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loads,the intent is to select a set of dates for thK & 2 dzZQNB f A1 St & G2
up or zoning is jumbled or the HVAC system is either undersized or inappropriately controlled.

o ax

%4 Chart(1): Fri 01/Jan to Sun 31/Jan
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ThisDry-bulb temperatureplot points sufficiently to Jang®8 and Jan 2631 as two possible date
ranges to tesfor Peak days of heating season

(24 Chart(1): Tue 01/Jun to Wed 30/Jun
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Similarly, theDry-bulb temperatureon this plot points to various dates in July that might be worth
testing. July 610 have he highest peak temperatures and Julyl¥4have the most consistently

high temperatures witHittle overnight cooling. On the other hand, the first of these two has
higher Wetbulb temperatures that might be better for testing sufficient heat rejection capacity.
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Profession judgment will be needed to decide which of these date ranges would hieiggdsl
to test forPeak days afoolingseasonor whether it would be worth it to go ahead and test both
(e.g.,a 16day period of July@L6).

Be Opportunistic

[B3 Chart{4): Mon 04/fan to Fri 08/Jen - a X
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otherwise for the project, we might want to azombine roomlevel Space conditioning loads look at
other aspects of these loads, imsthe plot abae. This could reveal the following:

CANRGfE>S AdQa OftSINIGKFIG GKS ySIENIeée O2yaidlyd O022f%
heating loads of most other spaces, particularly during daytime occupied hours. Thus it might be worth
considering some means of pumping heat out of that space and into other spaces. At very least, it would
deserve a separate computer room AC system (CRAC unit); however, that might be missing a significant
opportunity, such as using a VRF system with neatvery to move heat from the IT Server Room to

other spaces in need of heat.

28 YAIKG Ffaz O2YyAARSNI gKSGKSNI G-R8SYRE(G{ SWBENI AR
elevated cooling setpoint or with more relaxed control tolerances. If so, wddnikely want to exclude

it from any automated UMLH tests.

Secondly, as there are significant cooling loads in the Open Plan Office space and th8tholdpace,

even on very cold January mornings in a northern climate, those spaces might besrafiadditional
GKSNXYIFE Ylraa G2 &211 dzJ SEOS&aa KSI i XOKI NESRRI &3
source of cooling for the next day. Or, perhaps we should be looking at other ways to reduce the cooling
loads in those spaces.

Simultaneows Heating and Cooling Loads

It is sometimes also worthwhile to testshoulder season period thabuld present challenges in terms
of simultaneous heating & coolindf there are diverse spaces with differing schedules and functions
served by a common ggsn, or the model, systems, or controls are intentionally pushing the limits of
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available heating or cooling sources, you may want to look for date ravigesheating and coolingpads
overlap most significanthyExamples:

a) When modeling a system with a heat recovery chiller that will move heat from the chilled water
loop to the hot water loop, or a system with multiple heat pumps that must provide either heating
or cooling, but cannot provide both at the same time, it mayukeful to test model a seasonal
date range with overlapping heating and cooling loads. This is an efficient way to check whether
the system setup and controls are appropriate in terms of meeting the loads without excessive
oversizing, and doing so in a nreer that suitably represents the system design intent.

b) If the building makes notable use of passive space conditioning such as operable windows,
controlled venting, specially designed or controlled shading, thermal mass, passive solar heating,
or simila, the days and times when some spaces will need heat while others need cooling may
present the greatest challenges to the design and control of such systems. Similarly, a building
that depends upon a set of heat pumps for all mechanical heating and gosbnld also be a
good candidate for this sort of testing: As each heat pump can operate only in cooling or heating
mode at any given time, days with significant overlapping loads will provide a good test of how
well the sizing, allocation, and control thfose heat pumps is working. Having a select few days
that you can test repeatedly can be a valuable tool for efficiently trying out various configurations,
controls, etc. And, the manual UMLH test is then a very handy way of evaluating the performance
for these date ranges.

When selecting date ranges foishoulderseasonwith likely overlap oheating and cooling loadsased

just on weather file variablesyou may want to consider solar altitutte find the midmorning and mid
to-late afternoon hoursvhenthe sun could penetrate deep into the building as a significant cooling load
in some zones while at the same time otlz@nesare fully shaded and in a state of net heat loss

Example of Manualesting to Check and Reveal Potential Sources BiLHs

The fdlowing provides a stepy-step exampleof using the manual UMLH range test and related tools
within VistaPro to locate spaces with UMLHs and then uncover the sources of those Bdtiise the
modelis arelatively largecore-load-dominated building, wevill focus firstly on brief simulatiagto test
cooling season UMLHSs.
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Having run the simulation for a few hot daydate July,an XY plot can be used poovidea quickvisual

check of space conditioning performance with respect to heating and ca#ipgints(see plot above of

space temperatures and setpointshhis is very useful for checking the setup, sizing, and control of the
HVAC system for a selection of spaces, but has limitations. In this example, the building has 164 rooms
served by two lege VAV system&nd the plotaboveshows results for just 18 of thernfortunatelyA G Q &
not practicalview independent results for temperatures and setpoints in all 164 romneven for the 98

rooms served by the larger of the two VAV systemsrathe same plot as the legend alontakes up too

much areaon a typical displaySo, while this is &ruly valuable and instructiveneans of checking system
functionalityfor a selection of spacea,small buildingor one where there are a limited number afres

served by each systernit,can beawkwardfor large building®r systems serving numerous zones.

A manual UMLH testhowever,can readily provide feedback on the ability of the system to maintain
temperatures within control bands for all 164 rooms (or those intended to be included in UMLH testing).
Cooling UMLHest

As our exampld64-room modelinitially had zeroUMLHs witim the +/-2°F tolerancéo account for the
full space temperatureontrol bandandwas exhibiting extremely tight control with near zero hours for
any room outside of the deadband between heating and cooling setpoiveswill make some changes
to depart fromthe typical setup we had and thiis potentially introduce some sources of UMLHE. :

Giventhat our prototype model is meant to be a hospital, we shalliseit to have constant internal gains
air-change and ventilation requirements per ASHRAE d@ a 24hour HVYAQperating schedule.
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E Chart(1): Tue 20/Jul to Fri 30/Jul - O X
Qutput Analysis Help
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Variable:
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Test temp in fled "band’,
Number of hours... v Sl et e
(O Greater than Heating - | 2 C  Apply
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Between room set-points
Save | Import | Delete ©(¢/- differential lomces) [] Averaged, shared hours for ‘'unmet-hours' test
Air temperature ('F) - hours in range -
File Location < (Heating setpoint-2.00) | Controlled band |5 (Cooling set point +2 00)
07p VAV w HRC 1 CHWL rev:| 3rd Floor Patient Room 7 00 2640 00
07p VAV wHRC 1 CHWL rev(| 3rd Floor Patient Room 7 0.0 2640 0.0
07p VAV wHRC 1 CHWL revi| 3rd Floor Patient Room 7 00 2640 00
07p VAV wHRC 1 CHWL rev(| 3rd Floor Patient Room 7 00 2640 00
07p VAV wHRC 1 CHWL rev(| 3rd Floor Patient Room 7 0.0 2640 00
07p VAV wHRC 1 CHWL revi| 3rd Floor Patient Room 7 00 2640 00
07p VAV w HRC 1 CHWL revi| 3rd Floor Patient Room 7 00 2640 00
07p VAV wHRC 1 CHWL rev’| 3rd Floor Patient Room 8 00 2640 00
07p VAV wHRC 1 CHWL revi| 3rd Floor Physical Therapy |0.0 2040 60.0
07p VAV wHRC 1 CHWL rev:| 4th Floor Comdor NW 0.0 2320 320
07p VAV w HRC 1 CHWL rev’| 4th Floor Comidor SE 00 2220 420
07p VAV w HRC 1 CHWL revi| 4th Floor Leb 00 1410 1230
07p VAV wHRC 1 CHWL revi| 4th Floor Lobby Nurse Statior| 0.0 1340 1300
07p VAV wHRC 1 CHWL rev:| 4th Floor Patient Room 1 00 2640 00
07p VAV w HRC 1 CHWL revi| 4th Floor Patient Room 1 00 2640 00
07p VAV wHRC 1 CHWL revi| 4th Floor Patient Room 1 00 2640 00
07p VAV w HRC 1 CHWL revi| 4th Floor Patient Room 1 00 2640 00
07p VAV wHRC 1 CHWL rev( 4th Floor Patient Room 1 00 2640 00
07p VAV wHRC 1 CHWL rev’| 4th Floor Patient Room 1 00 2640 00
07p VAV w HRC 1 CHWL revi| 4th Floor Patient Room 1 00 2640 00
07p VAV wHRC 1 CHWL rev(| 4th Floor Patient Room 1 00 2640 00
07p VAV wHRC 1 CHWL rev’| 4th Floor Patient Room 1 00 2640 00
07p VAV w HRC 1 CHWL rev:| 4th Floor Patient Room 1 00 2640 00
07p VAV wHRC 1 CHWL rev:| 4th Floor Patient Room 2 0.0 2640 0.0
07p VAV w HRC 1 CHWL rev’| 4th Floor Patient Room 3 00 2640 00
07p VAV wHRC 1 CHWL rev:| 4th Floor Patient Room 3 00 2640 00
07p VAV w HRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 0.0 _J
07p VAV wHRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 00
07p VAV w HRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 00
07p VAV w HRC 1 CHWL rev’| 4th Floor Patient Room 3 00 2640 00
07p VAV w HRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 00
07p VAV w HRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 00
07p VAV wHRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 00
07p VAV w HRC 1 CHWL rev(| 4th Floor Patient Room 3 00 2640 00
07p VAV wHRC 1 CHWL rev(| 4th Floor Patient Room 4 00 2640 00
07p VAV wHRC 1 CHWL revi| 4th Floor Patient Room 5 00 2640 00
07p VAV w HRC 1 CHWL revi| 4th Floor Patient Room § 00 2640 00
07p VAV w HRC 1 CHWL rev’| 4th Floor Patient Room 5 00 2640 0.0
07p VAV w HRC 1 CHWL revi| 4th Floor Patient Room 5 00 2640 00
07p VAV wHRC 1 CHWL rev(| 4th Floor Patient Room 5 00 2640 00
07p VAV wHRC 1 CHWL revi| 4th Floor Patient Room 5 00 2640 00 _'_J

Havingre-run the roomlevel loads analysis and system loads and sizing to account for the changes noted
above and then runour truncateddynamic simulatiorior 10 notably hot days in Julythe manual UMLH

test reveals that we have ligh number of UMLHSs iseveralof the 164rooms(see results in the range

test dialog above)

Thisis a great example of how one might end up with UMlenien after previousnodeliterations and
HVAC systersettingswere performing so wellAnd, this raises two questions:

1) Why is theHVAQo longeradequate to maintain the setpoinia these spaces?
2) Why are these particular spaces affected when the vast majority of other spaces are not?

We can then look tepecific details of the manual UMLH test to begin to answer these questions.
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Cooling UMLH Investigation

Using a simple XY plot @fom temperatures for three of the spaces thabhavea large number of UMLHs
in the range test aboveand focusing on just a aple of days so that we can sadenthis is occurring,

we see an interestingnd very consisterpattern: While the cooling setpoint is a constanfi#5the space

temperatures are well above that and, most interestingly,glunder-cooling starts in the evening hours
gets progressively wordato the early morning hours, and finally subsidebitin the middle of the day

when cooling loads are actually intensifying

@ Chart(2): Wed 21/Jul to Thu 22/Jul
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Date: Wed 21/Jul to Thu 22/Jul

= Air temperature: 3rd Floor Physical Therapy (07p VAV w HRC 1 CHWL rev3 - July .aps)
= Air temperature: 4th Floor Lab (07p VAV w HRC 1 CHWL rev3 - July .aps)
= Air temperature: 4th Floor Lobby Nurse Station (07p VAV w HRC 1 CHWL rev3 - July .aps)
HVAC zone cooling setpaint: 3rd Floor Physical Therapy (07p VAV w HRC 1 CHWL rev3 - July .aps)
w— HVAC zone cooling setpoint: 4th Floor Lab (07p VAV w HRC 1 CHWL rev3 - July .aps)
— HVAC zone cooling setpoint: 4th Floor Lobby Nurse Station (07p VAV w HRC 1 CHWL rev3 - July aps)
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If we add theoutdoor dry-bulb temperature to the samelgt, it becomes clear that the cooling of these

ALl 0Sa Aa Y2NB ySINIe IRSljdza S 6KSyAAO®aYdazdld ©aA
outside(see plot below)We should then consider why the space conditioning might be worse at times

when theloadsought to belower and better at times whewe would expecthe loadsto be higher.

Chart(2): Wed 21/Jul to Thu 22/Jul
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Date: Wed 21/Jul to Thu 22/Jul
= Air temperature: 3rd Floor Physical Therapy (07p VAV w HRC 1 CHWL rev3 - July .aps)
e Air temperature: 4th Floor Lab (07p VAV w HRC 1 CHWL rev3 - July .aps)
~— Air temperature: 4th Floor Lobby Nurse Station (07p VAV w HRC 1 CHWL rev3 - July _aps)
~—— HVAC zone cooling setpoint: 3rd Floor Physical Therapy (07p VAV w HRC 1 CHWL rev3 - July .aps)
= HVAC zone cooling setpoint: 4th Floor Lab (07p VAV w HRC 1 CHWL rev3 - July .aps)
= HVAC zone cooling setpoint: 4th Floor Lobby Nurse Station (07p VAV w HRC 1 CHWL rev3 - July .aps)
= Dry-bulb temperature: (USA_IL_Chicago-OHare_Intl_AP_725300_TMY3.epw)

This suggestthat we have inappropriatelieft the default supply water temperatur€SWTYeset on the
chilled water loop(CHWLpased on outdoor temperature, when in fact this healthcare buildingow
modelled as havingore loads that are relatively consistent 24 hours a day.
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Another way we might have gotten to this conclusion is to look atittealleaving air temperatureas
compared to the target leavingjr temperaturesfor the air handler cooling coil¥he target is determined

by zone demand; and, with an airflefivst control strategy, the zone VAV boxes do not request colder
supply air until they are fully opened (ataximum airflow). Herave can see thaboth cooling coils are
providing the target air temperature only in the hottest hours of the day, but are unable to achieve that
target value in the nighttime and early morning howisen our UMLHSs are occurring

Chart(1): We ul to Thu 22/Ju
'h (1): Wed 21/Jul to Thu 22/Jul
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= Air leaving dry-bulb temperature: Cooling coil - CCO00778 (07p VAV w HRC 1 CHWL rev3 - July .aps)

—— Air leaving dry-bulb temperature: Cooling coil - CC000779 (07p VAV w HRC 1 CHWL rev3 - July .aps)

= Target air leaving dry-bulb temperature: Cooling coil - CC0007T78 (07p VAV w HRC 1 CHWL rev3 - July .aps)
—— Target air leaving dry-bulb temperature: Cooling coil - CC000779 (07p VAV w HRC 1 CHWL rev3 - July .aps)
= Dry-bulb temperature: (USA_IL_Chicago-OHare_Intl_AP_T725300_TMY 3_epw)

Sue enough,as we concluded above, the default SWT reset base@uatdoor drybulb temperature
remained selected ithe CHWL dialadVhile it is perhaps the most common type of SWT re$ésis not
appropriate to servingoolingloads that are more or lesindependent of the outdoor temperature and
that remain roughly constant when the outdoor temperature drops at night. Even befemenming the
cooling season simulation and UMLH cheek,can say with aeasonablyhigh level of confidencthat
this wasvery likelythe source of the cooling UMLHSs:

Primary circuit Secondary circuit

Chilled water temperatures

Chilled water supply temperature reset type: Outdoor dry-bulb te

Outdoor dry-bulb temperature high threshold: 80.00 | ¢
Supply temperature at/above high threshold: 44,00 | o
Outdoor dry-bulb temperature low threshold: . 28.00 oF
Supply temperature at/below low threshold: 54.00 | o
Design chilled water loop temperature difference, DeltaTedes: 12.00 |=f

Changing theChilled water supply temperature resettyjped b 2 Yy S¢ 2 &J 2RBAYX A &2Af Y
would be much more appropriaté. KS NBXaSid ol AaSR 2y a/ 12 f22L) 21 R Y
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in the overall loop load is sufficiently aligned with the variation in loads for the core zones that were
under-cooled or if there areparticular settings for this control that would be compatible with the building
load diversity When modeling building stems to inform an actual design, it would be worthwhile to
experiment with loop load fraction thresholds and supply temperature reset values to determine if the

R

GSYLISNI Gdz2NE NBaSi

oF38R 2y

I3
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f22mnbrdy2 | Ré¢

| 2

without introducing UMLHsEor this demonstration, we wiiet the Chilled water supply temperature

reset typeii 2
 TGSNI NBGAaAyY3

Gabz2y

S¢ I a

iKS

Y8t ya

27

(§8aGAYyI 2dNJ KeELRGKS&A S
{t 34%F SWIH) &heré ardiodce agail 2618 UMLBIST@ guatést y

run of 10 hot days in July. In fact, as shown via the UMLH Range Test below, for this test period the two
VAV systems are now once again able to maintain all spaces in the building within ledSRiafrthe
room temperature setpoints.

E Chart(1): Tue 20¢/Jul to Fri 30/Jul

Qutput Analysis Help

BE@BrEgM 2Bl cEeFkiLOERR

_vaﬁnble:

Air ternperature (°F)

Predefined Range Settings:

Save | Import  Delete

Per System occupancy schedule w
Month: Jan Feb Mar Apr May Jun Jul Aug
Day: Mon Tue Wed Thu Fri Sat Sun
Time: = 00 :00 2 to|2 24 ;00 2
Test:

Number of hours... ™ o in °F
() Greater than Heating - | 1
Ohlwun Cooling + _'I

() Less than

i}

@ Batwean room set-points

-

lis

{4/~ differential tolerances) [] Averaged, shared hours for 'unmet-hours’ test

Sep Oct Nov Dec

Test temperatures in controlled "band’,

Apply

Chan

Air temperature ('F) - hours in renge -
File Location < (Heating setpoint-1.00) | Controlled band [» (Cooling set point +1.00)
07p VAV w HRC - no CHWL e 4th Floor Patent Room & 0.0 2640 0o
07p VAV w HRC - no CHWL re| 4th Floor Patient Room 7 00 264.0 00
07p VAY w HRLC - no CHWL re| 4th Floor Paient Boom 7 00 264.0 0o
07p VAV w HRC - no CHWL re| 4th Floor Palient Fioom 7 00 2640 0o
07p VAV w HRC - no CHWL re| 4th Floor Patient Fioom 7 00 2640 00
07p VAV w HRC - no CHWL e| 4th Floor Pakent Fioom 7 00 2640 00
07p VAV w HRC - no CHWL | 4th Floor Patiant Room 7 0.0 2640 00
07p VAV w HRC - no CHWL re| 4th Floor Paient Boom 7 00 2640 0o
07p VAV w HRC - no CHWL re| 4th Floor Paient Fioom 7 00 2640 0o
07p VAV w HRC - no CHWL re| 4th Floor Patent Fioom 7 00 2640 0o
07p VAV w HRC - no CHWL re| 4th Floor Patient Fioom 7 00 2640 00
07p VAV w HRC - no CHWL re| 4th Floor Patient Fioom 8 0.0 264.0 L1}
07p VAV w HRC - no CHWL re| 4th Floor Physical Therapy |00 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Dining 0o 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Kitchen 00 2640 0o
07p VAV wHRC - no CHWL re| 5th Floor Lobly Nurse Statior|0.0 2640 00
07p VAV w HRC - no CHWL re| 5th Floor Office 1 00 264.0 00
07p VAW w HRC - no CHWL re| 5th Floor Office 2 0o 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Office 2 0o 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Office 2 00 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Office 2 00 2640 00
07p VAV w HRC - no CHWL re| 5th Floor Office 2 00 2640 0o
07p VAV w HRC - no CHWL re 5th Floor Office 3 00 2640 00
07p VAW w HRC - no CHWL re| 5th Floor Office 4 0o 2640 0o
07p VAW w HRC - no CHWL re| 5th Floor Office 4 0o 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Office 4 0.0 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Office 4 00 2640 00
07p VAV w HRC - no CHWL re| 5th Floor Office 4 00 2640 0o
07p VAV w HRC - no CHWL re| 5th Floor Office 4 00 2640 0.0
07p VAY w HRC - no CHWL re| Basement 0o 2640 0o
07p VAY w HRC - no CHWL re| 15t Floor Diata Center and IT |0.0 2640 00
07p VAW w HRC - no CHWL re| 15t Floor Lobby Racords 00 2640 00

07p VAW w HRC - no CHWL re| 15t Floor Public Restrooms  |0.0 2640 0o
07p VAV w HRLC - no CHWL re| Shared hours (OR' tests) 0.0 2640 0.0 :I
-
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Getting more out of the ManuaUMLHTest

To take advantage of what we observed in the previous UMLH tessheauld return to the question of
why these particular spacesgere overheating when othersvere not. Having revised the basis for SWT
reset on the CHWLhis may no longer be of concern with respecetininatingUMLHs; however, it may
still be informative with respect to optimizing the HVAC system design and controls.

We will begin byselecing the older results file (with the inappropriate CHWéemperature reset) to
facilitate our look into potential for better optimizing the HVAC sizing and conBpleaving the Range

Test dialog open while selecting rooms on the browser tree (as informedibgbservations regarding

the previous test of all 164 rooms), we can use the manual UMLH test create a confirmed list of just the
rooms thathad significaninmet cooling hours duringur illustrative 18day test period in July:

E Chart(1): Tue 20/Jul to Fri 30/Jul

Qutput  Analysis Help

H@RBr=EdM 2I0BrEFRLLOER R

Variable:
Per System occupancy schedule v
Manth: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Day: Mon Tue Wed Thu Fr Sat  Sun
Time: - 00 .00 = oS 24 .00 2
Predefined Range Settings: Test:
Test temperatures in controlled 'band’,
Number of hours... ™ tol In °F
() Greater than Heating - |2 | & ool
(O etween Cooling + | 2
(O Less than : lis Chan

Bahween room sat-paints

Save Import Delete '@(,Jr. differential tolerances) [#] Averaged, shared hours for 'unmet-hours’ test

Adrtemperature ('F) = hours in range

Fila Location « (Heating set point-2.00) |Cantmlled band ]) (Cooling set point «2 00)
07p VAY wHRC 1 CHWL rev3 | 151 Floor Loblyy Nurse Station | 0.0 228.0 36.0
07p VAV wHRC 1 CHWL revd | 2nd Floor Lobby Nurse Statior| 0.0 2340 300
07p VAY wHRC 1 CHWL rev3 | 3rd Floor Lab 00 2070 570
07p VAY wHRC 1 CHWL rev3 | 3rd Floor Loblby Nurse Station | 0.0 20010 630
07p VAV wHRC 1 CHWL rev3 | 3rd Floor Physical Therspy |00 2040 60.0
07p VAY wHRC 1 CHWL rev3 | 4th Floor Lab 00 1410 1230
07p VAV wHRC 1 CHWL rev3 | 4th Floor Lobby Murse Station | 0.0 1340 1300
07p VAW wHRC 1 CHWL rev3 | 4th Floor Physical Therapy |00 1390 1250
07p VAV wHRC 1 CHWL rev3 | Sth Floor Kitchen 0.0 2270 370
07p VAV wHRC 1 CHWIL rev3 | Sth Floor Lobby Nurse Station |0.0 187.0 770
07p VAV wHRC 1 CHWL renv3| 15! Floor Data Centerand IT_ |00 2000 640
07 VAV wHRC 1 CHWL revd | Shared hours (OR' tesls 0.0 236.0 1300
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Simply looking at the locatipof the under-cooled spaces in the model, we can see that all of them are

within the building core, and only a couple of them (which happen to be the ones with the least UMLHS)

have any exterior walls, windows, or doorseféfore, they are not benefittig from the natural nighttime

cooling associated with heat loss through the building enveldpe.also know that these spaces have

constant internal gainglfis may or may not béruly representative of the diurnal load variation for the

actual building iroperatior> 0 dzii f S RA a 8§ ik 832R GAK/ G S Ny fofnowd.F Ay & OKSF

The previous plot above on which we included the outdoor temperature stgavs us thathere are a
limited number of nighttime hours with temperatures below the°F@ry-bulb high limit for outside air
economizer operatiomluring the period when the UMLHs were occurriAgd, even when thersasOA
economizer potential, this would supply air in theg@8°F range, which is considerably warmer than the
55°F supply air teperature that the overheated spaces would be requesting.

The observations above suggests that we may want to consider using a cooling design load oversizing
factor of 10;15% in the cooling airflow sizing just for these particular spaces. As the othessipathe

building have few if any UMLHSs at all, this will help tbaéance the system with higher maximum airflows

in these core zones, potentially allowing warmer supply air temperatures and possibly a greater number
of airside economizer hours. Eithene of these would reduce chiller energy, and may reduce overall
system energy consumption if the additional fan energy used to move more air is less than the chiller
energy saved. Thus, the UMLHs showing up in these spaces during our brief coolimgtestasm may

be a useful and informative part of the HVAC design process.
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We can test this by selecting all of the previously noted core spaces within the Zones Tabular Edit dialog
Ay 1 LI OKSI £! /3 yR GKSyYy NBJA aAyady ofiekoSthetn (whightwlly 3 2 |
then update this value for all of the selected spaces):

Zones Tabular Edit - Zone data

File Edit View Tab Help
System to edit: 07 a VAV - Reheat [EWC chillers - Heat Recovery Chiler - HW boiler] v

: Floor Area Volume Coohr!g Coohr)g Design | Cooling Design Coolmg !oad Coolu_tg Sensipl_e Cu_ollng Latgv_n Load ~
[] Layer | Room or Zone ) ) Sat.poml Sensible Load Latent Load oversizing | Load wnh Oversizing = with stvslzmg or
(F) (kBtu/h) (kBtu/h) factor or Adj. (kBtu/h) Adj. (kBtu/h)
37  2ndFloor Lobby Nurse Statio.. | 1090000  109000.00 75.00 148731 12015 110 ' 163604 13217
[l 38 2ndFloorOR1 600.00 6000.00 75.00 7.846 0904 1.00 7846 0904
[C] 39 2ndFloorOR1 600.00 6000.00 75.00 7784 0.904 1.00 7.784 0.904
[] 40 2ndFloorOR1 600.00 6000.00 75.00 7.782 0.904 1.00 7.782 0.904
O]l 41 2ndFloorOR1 60000 600000 7500 7801 0904 100 7.801 0904
[] 42 2ndFloorOR1 600.00 6000.00 75.00 7.786 0904 1.00 7.786 0904
[] 43 2ndFloorOR2 600.00 6000.00 75.00 857 1361 1.00 8576 1.361
[C] 44 2ndFloorOR3 600.00 6000.00 75.00 7925 1.056 1.00 7.925 1.056
] 4 2ndFloorOR4 240000  24000.00 75.00 28522 2400 1.00 28522 2400
O | 46 3rdFioor Cortidor NW 640000  64000.00 75.00 77.362 6932 1.00 77.362 6.932
[C] 47 3rdFloor Comidor SE 580000  58000.00 75.00 70.388 6.000 1.00 70.388 6.000
48  3rdFloorlab 2850.00 28500.00 75.00 33614 2850 10 36975 3135
49  3idFloor Lobby Nurse Station | 975000  97500.00 75.00 114173 9750 110 125591 10725
]| 50 3rdFioorPatientRoom 1 22500 225000 7500 3427 0311 100 3427 0311
O 51 3rdFicorPatientRoom 1 22500 225000 7500 3426 0311 100 3426 0311
[ 52 3rdFloor PatientRoom 1 22500 225000 75.00 3431 0311 1.00 3431 . 0311 ,
< >

* Loads Data * System Parameters * Zone Temp, Humidity, Equip * OA Ventilation *Air Changes & Exhaust x Cooling Airflows* * Heating Airflows « [ »

7 of 98 zones selected No filters active

Ix concel | [ save 1[0 sovesbn || Asson / Assign & Ext

Zones Tabular Edit - Zone data

File Edit View Tab Help
System to edit: 07 a VAV - Reheat [EWC chillers - Heat Recovery Chiler - HW boiler] [Cc v

’ EoorAnallliVikes Cooling ' Cooling Design | Cooling Design | Cooling load Cooling Sensible | Cooling LatentLoad »
D Layer | Room or Zone ) (#®) Sei'pomt Sensible Load Latent Load oversizing Loadw@ Oversizing | with ()_vevsmng or
(F) (kBtu/h) (kBtu/h) | factor or Adj. (kBtu/h) Adj. (kBtu/h)

]| 45 4thFloorPatientRoom? 21750 217500 7500 3507 0438 100 3507 0438

[C] 46 4thFloor Patient Room 7 21750 2175.00 75.00 3508 0438 3508 0438

[C] 47 4thFloorPatientRoom 7 21750 2175.00 75.00 3536 0438 3536 0438

[C] 48 4thFloor Patient Room 8 300.00 3000.00 75.00 4965 0.832 4.965 0832

| 49 dihFloor Physical Therapy 525000  52500.00 75.00 61708 5250 67.879 5775

D | 50 SthFloor Coridor 540000  54000.00 75.00 69.957 6312 69.957 6312

[] 51  SthFloor Dining 750000  75000.00 75.00 108861 8500 108.861 8500

52 SthFloor Kitchen 1000000 10000000 7500 129421 13043 110 142364 14,347

53  5thFloor Lobby Nurse Station | 1120000  112000.00 75.00 141378 12418 110 155516 13659

[C] 54 S5thFloorOffice 1 750.00 7500.00 75.00 16.037 1.065 1.00 16.037 1.065

{:]' 55  5th Floor Office 2 750.00 7500.00 75.00 13916 1130 1.00 13916 1.130

[[] 56 5thFloor Office 2 750.00 7500.00 75.00 13.866 1130 1.00 13.866 1130

[[] 57 SthFloorOffice 2 750.00 7500.00 75.00 13864 1.130 100 13864 1130

[[] 58 SthFloor Office 2 750.00 7500.00 75.00 13902 1130 1.00 13.902 1130

[l 59 5thFloor Office 2 750.00 7500.00 75.00 13.865 1.130 1.00 13.865 1.130

]| 60 SthFloorOfice3 75000 750000 7500 15287 1587 100 15287 1587 v

< >

Loads Data  * System Parameters * Zone Temp, Humidity, Equip * OA Ventilation *Air Changes & Exhaust x Cooling Airflows* * Heating Airflows « | »

5 of 66 zones selected No filters active

FI Save [ save&Ext | o/ Assign o/ Assign & Exit
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Within the ApacheHVAGystem Parameters dialdiglow, we see the changee just made in the Zones
Tabular Ediabove, including the revised design cooling airfladlis is simply another way to view the
same set of parameters that can sometimes draw or attention to things we may not notice in a tabular
WA LINB I R & Knfestigyly, @écdnée that this particulaone of the selectedore zons has a
negative desig heating load. Therefore, even on the coldest winter nights we might expsegtcooling
airflow orminimum airflow for ventilatiorand/or required air changedgut very likelyno reheat (unless

the ASHRAHE70required number of air changes per houould otherwise oveicool the space).

System Parameters

Tools Help
System name: | VAV - Reheat [EWC chillers - Heat Recovery Chiler - HW boller] | Enable sizing  Layer edit mode:  Current || All Selected Al B Edt Muttiple.. | | P v
Configuration: | Multi-zone system with AHU l VAW ] CAV Twor-spead fan Current layer: | 94. 3rd Floor Physical Therapy " :
Schedules System Parameters Room Temperature, Humidity & Equipment  Room Ventilation & Exhaust  Room Loads & Supply Airflows  Room Airflows, Turndawn & Engineering Checks
#| €ooling loads and air supply for space conditioning #l| Heating loads and air supply for space conditioning
Cooling design room load: Latent: 5.250 | Sensible: 61.567 | kéitu/h Heating design room load: -60.941 | kitufh
Cocling design load oversizing factor: 1.10 Heating design load oversizing factor: 1.00
Design loads with Latent: 5.??5| Sensibla: 67.724 |I:Btu.-'h Design load with oversizing: -60.941 | kitu/h
Cocling design supply air temperature: |:| Use 55 min SAT 55.00 | °oF Heating design supply air tem perature: D Use sys heating coil mas LAT 90.00 | °F
[ use (pesign SAT+ duct/plenum gain) for aiflow sizing  Adjusted: | 55.00 | °F [ use (Design SAT - duct/plenum loss) for airflow sizing Adjusted: | 90.00 | °F
[] use percent of SAT reset delta-T for coaling sirflow sizing & - %
Cooling design space for airflow caloul (=8 75.00 | oF Heating design space temperature for airflow calculations: 70.00 | °F
Use zone cooling temperature setpoint e Use zone heating temperature setpoint ~
Cocling design supply delta-T: 20,00 | °F Heating design supply delta-T: 20,00 | °F
Cooling design man airflows: Derived o 3095 | cfm 0.59 | cfm/ft2 Heating design max Derived 0 | 1750 | ofm 0.33 | ofmftz
Adjust room design airflove to match user setting for SA fan design flowr Adjust room design airflows to match user setting for SA fan design flow
[[] Allow undersizing of room airflows ] Allow undersizing of raom airflaws
Force cooling design max airflow at least equal to ventilation rate o ] Force heating design max airflow at least equal to ventilation rate 0
Force cooling design airflow to be sufficient to maintain reom RH setpoin o ] pual-madmum VAV (independant max flow rate for heating mode o
Cooling loads for room-level terminal units or room units Heating loads for room-level terminal units or room units
‘.j Zones Tabular Edit... | [ Zane Arflow Distribution... ] Copy :“| Faste x Cancel FI Save q;? Assign qﬁ? Assign & Bt

Havingrevised cooling airflow sizing for the selected core zomesmust now rerun the HVAC System
Loads and Sizing prior to-renning the brief cooling season test for UMLK& do not, however, need

to re-run the room loads analysis, as the cooling loads oversizing factors were applied as an adjustment
to the previously established room loads.

If we compare resultfor two simulatiors differing only with respect to the 1.1 1.00oversizing factor

for the mre zone cooling airflowalculations, we can see in in the plot below that the 10% oversizing of
the core zone airflows allowed the cooling dedving air temperaturel(A7) to reset upwards roughly 1°F
(green line) relative to the cooling coil LA&Th non-oversized airflowgblue line).As this test is during

the hottest part of the year, this change may afford a greatmlingcoil LATeset with cooler conditions.
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Chart(1): Sun 25/Jul to Fri 30/Jul = m| b¢
Qutput Analysis Help
B B xEagM 2l cEFkiLOERE®
58.20-
58.10—
58.00—
57.90—
. 57.80
& 57.70]
b ]
5 57.60
= ]
o 57.50—
(=% 4
£ 57.40
. ]
57 30
5720
57.10—

5700

56.90 T T T T T T T T T

Sun Mon Tue Wed Thu Fri Sat
Date: Sun 25/Jul to Fri 30/Jul

= Air leaving dry-bulb temperature: Cooling coil - CC000779 (07p VAV w HRC - no core Zn oversize - July .aps)
e Air leaving dry-bulb temperature: Cooling coil - CC000779 (07p VAV w HRC - no CHWL reset - July _aps)

While a relatively minor fraction of overall HVAC system enghgy10% core zone load oversizing for
cooling airflow calculations reducedhiller energyby 300 kWh over the tfay test period in JulyFan

energy over same 0ay periodincreased only).01 kWh with the 10%esign loadversizingor cooling

airflow in the selected core zonesndicating that the chiller energy savings would not be significantly
offset by increased fan energis this appears beneficial, it may be worth testing further oversizing of the
same core zone airflows to see if we can increhseaverall system energy savings. Again, this may

also have greater benefits in terms of coil and system SAT reset, greater numbers of airside economizer
hours, and reduced chiller load as we move away from the peak of the cooling sedsemwW4 do gé

to running full annual simulations, it mightierefore beworth revisiting this comparison to see what
benefits have been achieved.

Heating UMLHTest

It would now be a good timei.e., after completing all of the above and prior to proceeding with full
annual simulations and/or comparisons with other HVAC system types, configurations, equipment
options, or control schemasto complete the same sort of brief test run for 10 very cold days in January
to establish that we have a solid model in terms of beffide to maintain setpoints and thus avoid
unanticipated UMLHSs.
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In our test ofthe 10 coldestdays in January, we find that we have a considerable number of UMLHs for
nearly all of the Patient rooms, which are located around the perimeter of the buildsgve would
expect, spaces within the building cate nothave any heating UMLHSs.

un 10/)an

A Chart(1): Fri 01/Jan to S

Qutput Analysis Help

Save |Import Delete

© Between room set-points
(+/- differential tolerances)

BB xEdgMN 20k keFkLOEE R

Variable:
Per System occupancy schedule w
Month: | Jan Feb Mar |Apr| May Jun | Jul Aug Sep |Oct| Nov Dec
Day: Mon | Tue Wed Thu | Fri  Sat | Sun
Time: |2 0000 2 to|2 ;o0 2

Predefined Range Settings: Test:

" Test temperatures in controlled 'band’,

Number of hours... ok in °F "
() Greater than Heating - | 2 Apply
O Between Cooling + | 2
() Less than L = Chart

Averaged, shared hours for 'unmet-hours' test

Air temperature (‘F) - hours in range -

File Location < (Heating set point-2.00) | Controlled band |> {Conling set paint +2.00)
07p vAY wHRC - no CHWL re| 3rd Floor Fatient Room 7 54.0 186.0 0.0
07 p YAY w HRC = no CHWL re| 3rd Floor Patient Room 7 135.0 105.0 0.0

7p VAV wHRC - no CHWWL re| 3rd Flaor Patient Room 7 115.0 1250 0.0

70 YAV w HRC = no CHYWL re| 3rd Floor Patient Foom 7 76.0 164.0 0.0

70 YAV w HRC = no CHWWL re| 3rd Floor Pafient Fioom 7 53.0 1670 oo

7p AN w HRC - no CHWL re| 3rd Floor Patient Fioom 7 B5.0 1550 0.0
07 p vAY w HRC = no CHwwL re| 3rd Floor Fatient Foom 7 1150 125.0 0o
07p WAV w HRC = no CHWWL re| 3rd Floor Patient oo 7 127.0 1130 L}
07 p WAY w HRC = no CHWL re| 3rd Floor Patient Foorm 7 101.0 139.0 0.0
07 p AN wHRC - no CHWL ré| 3rd Floor Patient Boom 8 147.0 930 0.0
07 p YAV w HRC - no CHWL re| 3rd Floor Physical Therapy | 000 240.0 0.0
07 p WAV w HRC - no CHWL re| 4th Floor Comidor Ny no 240.0 0.0
07p WAV w HRC - no CHWWL re| 4th Floor Coridor SE 0o 240.0 0.0
07 p WAY w HRC - no CHWWL re| 4th Floor Lab 0o 2400 0.0
07 p WA w HRC - no CHWL re| 4th Floor Lobby MNurse Statior| 000 2400 oo
07 p WAY w HRC - no CHWWL re| 4th Floor Patient Boom 1 330 207.0 0.0
07 p AN w HRC - no CHWL re| 4th Floor Patignt Room 1 40.0 200.0 0.0
07 p WAV w HRC - no CHWWL re| 4th Floor Patient Room 1 no 240.0 0.0 J
07 p WA w HRC - no CHWL re| dth Floor Patient Room 1 14.0 226.0 0.0
07p VAN w HRC - no CHWWL re| 4th Floor Patient Room 1 40.0 200.0 0o
07 p WA w HRC - no CHWWL re| 4th Floor Patient Boom 1 230 217.0 0.0
07 p WAV w HRC - no CHWL re| 4th Floor Patient Boom 1 530 187.0 0.0
07 p WaAY w HRC - no CHWL re| 4th Floor Patient Boom 1 43.0 197.0 0.0
07 AN w HRC - no CHWL re| 4th Floor Patignt Boom 1 44.0 196.0 0.0
07p WAV w HRC - no CHWWL re| 4th Floor Patient Boom 1 oo 240.0 0.0
07p AN w HRC - no CHWL re| dth Floor Patient Room 2 70.0 170.0 0.0
07p AN w HRC - no CHWL re| 4th Floor Patient Room 3 58.0 182.0 0.0
07 p WA w HRC - no CHWWL re| 4th Floor Patient Room 3 G7.0 153.0 0.0
07 p WA w HRC - no CHWL re| 4th Floor Patient Room 3 72.0 168.0 oo
07 p WAy wHRC - no CHWWL re| 4th Floor Patient Room 3 5.0 185.0 oo
07 AN w HRC - no CHWL re| 4th Floor Patient Room 3 540 186.0 0.0 ﬂ
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Interestingly,as seen within the subset of room UMLH results betbe office spaces also located at the
building perimeterhave noheating UMLHssuggesting that the load profile for the patient rooms is
somehowin conflict with thecurrent HVAC system sizing or control

I Chart(1): Fri 01/an to Sun 10/Jan

Qutput  Analysis Help
B8R EdM2I0BL GENMEKELOEN @
Variable:
[ air temperature cF) ] Per System occupancy schedule =
Month: | Jan |Feb Mar  Apr May Jun | Jul  Aug Sep  Oct  MNov Dec
Day: Mon Tue Wed Thu Fri 5Sat| Sun
Time: |% 00 ;00 *|to|2 24,00 2
Predefined Range Settings: Test:
Number of hours., . Test tem?:m in controlled 'band’,
Q Greater than Heating - | 2 £  Apply
) Between Cooling + | 2
() Less than 0 llh Chan
Save | Import Delete ® E‘frg;;:::;;f;?ﬁ:z;] Averaged, shared hours for "unmet-hours' test
Airtemperaturs (F) - hours in range a
File Location < (Heating set point-2.00) | Controlled band |> (Cooling set point +2.00)
07 p AWV w HRC - no CHWL re| 1st Floor Exam 0.0 2400 0.0
07p WAY w HRC - no CHWL re| 15t Floor Exam 0.0 2400 0.0
07p VAV w HRC - no CHWL re| 15t Floor Exam 0.0 2400 0.0 _J
07p VAY w HRC - no CHWL re| 15t Floor Lobly Murse Statior|0.0 2400 0.0
07p VAY w HRC - no CHWL re| 1st Floor Office 0.0 2400 0.0
07p WAV w HRC - no CHWL re| 15t Floor Office 0.0 2400 0.0
07p VAW w HRC - no CHwWL re| 1t Floor Office 0.0 2400 0.0
07 p VAW w HRC = no CHWL re| 1st Floor Office 0.0 2400 0.0
07p VAV w HRC = no CHWL re| 1gt Floor Office 0.0 2400 0.0
07p VAY w HRC - no CHWL re| 2nd Floor Comidor 0.0 2400 0.0
07 p WAV w HRC - no CHWL re{ 2nd Floor IC Pehent Room 940 146.0 0.0
07p VAV wHRC - no CHWL re[ 2nd Floor IC Pehent Room 730 167.0 0.0
07p VAV w HRC - no CHWL re| 2nd Floor IC Patient Room_ |55.0 1650 0.0
07 p WAV w HRC - no CHWL ré{ 2nd Floor IC Pahent Room 45.0 195.0 0o
07p VAV w HRC = no CHWL re| 2nd Floor IC Pahent Room 370 203.0 0o
07 p VAV w HRC - no CHWL ref 2nd Floor |C Pahent Room 530 187.0 0o
07 p WAV w HRC - no CHWL re| 2nd Floor IC Pehent Room 750 1650 0.0
07 p VAV w HRC - no CHWL reé{ 2nd Floor IC Pahient Room 490 1910 0o
07p VAV w HRC - no CHWL ré| 2nd Floor IC Pefient Room |00 2400 0.0
07 p VAV w HRC = no CHWL re| 2nd Floor IC Paient Boom 101.0 139.0 0o
07 p WAV w HRC = no CHWL re 2nd Floor |C Paient Boom 0o 240.0 0o
07 p VAN w HRC - no CHWL re| 2nd Floor |C Pahient Boom 590 181.0 0o
07 p VAW w HRC - no CHWL re| 2nd Floor ICL) 0.0 2400 0.0
07 p WAV w HRC - no CHWL reé| 2nd Floor Lobley Murse Statio| 0.0 2400 i}
07 p VAW w HRC - no CHWL re| 2nd Floor Loblry Nurse Statio| 0.0 240.0 0o
07 p VAV w HRC - no CHWL re| 2nd Floor OR 1 0o 240.0 0o
07 p VAW w HRC - no CHWWL re| 2nd Floor OR 1 0.0 240.0 0.0
07 p VAV w HRC - no CHWL re| 2nd Floor OR 1 0.0 2400 0.0
07 p VAV w HRC - no CHWL re| 2nd Floor OR 1 0.0 2400 0.0 LI

The room temperatures in these three general categories of spaces are just what we might expect to see,
given the UMLH test mailts above:

1 The temperatures of the large core zones dominated by internal gains tend to be relatively flat
and roughly about 1°F below the cooling setpoint, even in the coldest 10 days of Jemsafiyst
plot below with air temperature antioth heatng and coolingetpoints for numerousspaces)

1 The office spaces are readily maintained slightly above the heating setpoint and well within the
deadband between heating and cooling setpoifui®t with green line for a representative office)

1 The patientrooms, which are located at the building perimeter have minimal internal gains and
relatively higher ventilation requirements, are consistently untleated, with temperatures
averaging 1.§2°F below the heating setpoint on the coldest days and frequelilying to about
2.5°F below the heating setpoiplot with red line for space temperature and the subsequent
plot showing numerous patient rooms exhibiting the same patteYkhile undetheated(below
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68°F and thusutside of the control bandby only 0.5%1°F on these cold days @arly January

this is enough to result in a significant number of UMLHSs.

Qutput Analysis Help

BODEKEQMNLIOBEL CEFRILOENRA

Tl — — —

74 5

5+

Temperature (*F)
N 8 3
TiaiiliizaX

- -
G AR v

" o—W

695 T T T T

05

e At temnperature: 2nd Floor Lobby Nurse Station ICU (07p VAV w HRC - no CHWL reset - Jan aps)
e Ait 1emperature: 2nd Floor OR 1(07p VAV w HRC - no CHWL reset - Jan aps)

e Aur temporature: 2nd Floor OR 1 (07p VAV w HRC - no CHWL reset - Jan aps)

w— At temperature. Sth Floor Lobby Nurse Station (07p VAV w HRC - no CHWL reset - Jan aps)
e Heatting set posnt: 2nd Floor Lobby Nurse Station OR (07p VAV w HRC - no CHWL reset - Jan _aps)
= Heating set pomt: 2nd Floor OR 1 (07p VAV w HRC - no CHWA reset - Jan aps)

- Haating set point. 2nd Floot OR 3 (07p VAV w HRC - no CHWL reset - Jan aps)

—  Codling set point 2nd Floor OR 1 (07p VAV w HRC - no CHWL reset - Jan aps)
Cooling set point: 2nd Floor OR 1 (07p VAV w HRC - no CHWL reset - Jan aps)

Date: Fri 01Jan to Sun 10Jan

w Coohng set point. 2nd Ficor Lobby Nurse Station ICU (07p VAV w HRC - no CHWL reset - Jan aps)

T T
06 07

84

— Alr temparature: 2nd Floor Lobby Nurse Station OR (07p VAV w HRC - no CHWL reset - Jan aps)
w— Aif tempetature. 2nd Floor OR 1 (07p VAV w HRC - no CHWL reset - Jan aps)
e At tomperature: 2nd Flooe OR 3 (07p VAV w HRC - no CHWL reset - Jan aps)
w— Hoating set pont. 2nd Floor Lobby Nurse Station ICU (07p VAV w HRC - no CHWL reset - Jan aps)
—— Heating set point. 2nd Floor OR 1(07p VAV w HRC - no CHWL reset - Jan aps)
Heating set pont 2nd Floor OR 1 (07p VAV w HRC « no CHWL reset - Jan aps)
w— Haating set point 5th Floor Lobby Nurse Station {07p VAV w MRC - no CHWL raset - Jan aps)
Cooling set pownt: 2nd Floor Lobby Nurse Station OR (07p VAV w HRC - no CHWL reset - Jan aps)
—  Cooling set point: 2nd Floot OR 1 (07p VAV w HRC - no CHWL reset - Jan aps)
—  Cooling set powt: 2nd Floor OR 3 (07p VAV w HRC - no CHWL reset - Jan aps)

Coolng set point 5th Floor Lobby Nurse Station (07p VAV w HRC - no CHWL reset - Jan .aps)

Chart(1): Fri 01/Jan to Sun 10/Jan

Qutput Analysis Help
HEBrEgM2LIEL,ECEFRLOENG
73 5—_
730
7255
@ 7204
~
=1 4
R4 5—‘
3 b
E ]
= 71.0
70.5-
70,03
69,5 T T T T T T T T T !
01 02 03 04 05 06 07 08 09 10 1"
Date: Fri 01/Jan to Sun 10/Jan
= Air temperature: 5th Floor Office 4 (07p VAV w HRC - no CHWL reset - Jan _aps)
= Heating set point: 5th Floor Office 4 (07p VAV w HRC - no CHWL reset - Jan aps)

Part 4: Identifying problematic HVAC zoning and control issues using manual UMLH testdPage34



INTEGRATED
ENVIRONMENTAL
SOLUTIONS

@ Chart{1}): Fri 01/)an to Sun 10/)an

Qutput  Analysis Help
= ry = = =
HE@ DX rEadMN2LIGBELEEFRLILOER &
1.0
705 h h
70.0
69.5-
5 69.0
P ]
E] ]
g 68 5—:
o -
5 68.0-]
L ]
675
67.04
665
66.0 T T T T T T T T T 1
01 02 03 04 05 06 o7 g 1] 10 11
Date: Fri 01/Jan to Sun 10/Jan
— Air temperature: 4th Floor Patient Room 8 (07p VAV w HRC - no CHWL reset - Jan .aps)
= Heating set point: dth Floor Patient Room & (07p VAV w HRC - no CHWL reset - Jan .aps)

[23 Chart(1): Fri 01/Jan to Sun 10/Jan
Qutput Analysis Help
B rsgMlio tEeFLOENR

720+

7153

7104

Date: Fri 01/Jan to Sun 10lJan

= Aif temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)
= Air temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)

= Air temperature. 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan .aps)

= Air temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan .aps)
A temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)

—— Air temperature. 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)
= Air temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)

A temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)
Air temperature. 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)
—— Air temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)
~— A temparature: 2nd Fioor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps) Air temperature: 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan .aps)
—— Air temperature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWA. reset - Jan aps)
—— Air temperature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan .aps)
A tomparature: 3id Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan aps)
— - A temperature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan .aps)
— - A temperature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan aps)
A temperature: 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWA reset - Jan aps)
— - A temporature: 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan aps)
— - Air temperature: rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan .aps)
Air temperature: 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan aps)

= Air temperature. 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan aps)
~— Air temperature 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan aps)
Air temparature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan aps)
— - Aurtemperature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan aps)
Air temperature: 3rd Floor Patient Room 1 (07p VAV w HRC - no CHWL reset - Jan .aps)
Air temperature 3rd Floor Patient Room 2 (07p VAV w HRC - no CHWL reset - Jan aps)
Air temperature 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan aps)
Air temperature: 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan aps)
Air temperature. 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan aps)
Asr temperature: 3rd Floor Patient Room 3 (07p VAV w HRC - no CHWL reset - Jan aps)

Heating set point- 2nd Floor IC Patient Room (07p VAV w HRC - no CHWL reset - Jan aps)

Based oractual vstarget leaving air temperatures for the zone reheat coils for each of the three main
categories of spacethere are someother patternssimilar to what we observed in the cooling season

1 The large core zones dominated by internal gains have zero orzeeatheating loads, and thus
the VAV reheat coils for these spaces are either completely off or can readily m#iatiaitarget
leaving air temperaturécoil LAT for representative space is red line onfits XY plot below)

1 The reheat coils for office spaces have target leaving air temperatures only moderately above the
design cooling SAT of 55°F and well belogvhtbating design maximum SAT of 9QS&e green
line on second plot belowiVith the exception of some very brief transient spikes in the requested
LAT, he office reheat coils readily maintained the target LAT necessary to satisfy room heating
loads.Theverylow heating loads in the office spaces can be attributed to the lack of diversity
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factors for office equipment and task lighting gains, which really ought to have been included.
These spaces also do not have the dedicated exhaust airflow that trenpadioms haveAfter
addingplug load diversityactors,however,the office heating loads will be a little closer to those

of the patient rooms.

1 Thereheat coils for theatient rooms on the other hand, are able to achieve the target LAT only
whenthat value dips down to around 70°F and bel(s&e third plot below; orange line is target
LAT and blue is the actual LADhnce again, this points to a likely issue with unsuitable control of
the supply water temperature (SWT) for the coils.

L art(1): Fri 01/Jan to Sun 10/Jan
Chart(1): Fri 01/) Sun 10/)

Qutput  Analysis Help
HS B XEgM2I0BL CEFREILOERE &

55 0090

55 0080
55 0070
55 0060
55,0050}
E 55,0040}

£ 550030
5 ]
& 55.0020-
=

2 550010

55.00001
54,9990

54,9980
54,9970

54,9960 | | I L | | I | |
01 02 03 o 05 06 o7 08 09 10 11

Date: Fri 01/Jan to Sun 10/Jan

=== Air leaving dry-bulb temperature: Heating coil - HCDO3083 (07p VAV w HRC - no CHWL reset - Jan .aps)
e Target air leaang dry-bulb temperature: Heating coil - HCOG3083 (07p VAV w HRC - no CHWL reset - Jan aps)

m Chart{1): Fri 01/)an to Sun 10/Jan

Qutput  Analysis Help
HE@BxsSdgM2i0Bkk tEFLILOEN &

80—

78|
]"E—_
74
?2—-
]"U—_
EE-_

66—

Temperature (°F)

Bd—|
62
B0

58—

5=

54

T T T T T T T T T 1
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Date: Fri 01/Jan to Sun 10/Jan

A leaving dry-bulb temperature: Heating coil - HC003134 (07p VAV w HRC - no CHWL reset - Jan .aps)
—— Target air leaving dry-bulb temperature: Heating coil - HC003134 (07p VAV w HRC - no CHWL reset - Jan .aps)
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@ Chart(1): Fri 01/Jan to Sun 10/Jan

Qutput  Analysis Help

@R xsEgr2Z0BkckEeFLOEER
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75

Temperature (*F)
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Date: Fri 01/Jan to Sun 10/Jan

= Air leaving dry-bulb temperature: Heating coil - HCOO3085 (07p VAV w HRC - no CHWL reset - Jan .aps)
—— Target air leaving dry-bulb temperature: Heating coil - HCO03085 (07p VAV w HRC - no CHWL reset - Jan .aps)

In this case, whiad a SWT reset for the HWL based on loop load. Whereas this might work out well in
with revised load fraction thresholds, a higher reset SWT, or for buildings wherein all zone loads tend to
follow amore similar pattern:

Supply water temperature control

Design hot water supply temperature, Thtdes: | 140.00‘ F
Supply temperature setpoint: Reset per HW loop load + | None

Hot water demand-side load fraction high threshold: ' 0.70 |
Supply temperature at or above high threshold: 140.00 °F
Hot water demand-side load fraction low threshold: 0.40 |
Supply temperature at or below low threshold: _ 105.00 | °F
Design hot water temperature difference, DeltaTbdes: - 35.00 | oF

To test thehypothesis that revised reset parameters might be suitable, letsinethe 10 day heating
season simulation with the following revised settings:

Supply water temperature control

Design hot water supply temperature, Tbtdes: 140.00 oF
Supply temperature setpoint: Reset per HW loop load ~ None

Hot water demand-side load fraction high threshold: 0.50 .
Supply temperature at or above high threshold: 140.00 °F
Hot water demand-side load fraction low threshold: 0.10|
Supply temperature at or below low threshold: 120.00 °F
Design hot water temperature difference, DeltaTbdes: . 35.00 | oF

The ability to very quickly test revisions such as this is really among the main benefits of the truncated
cooling and heating simulation runBecause we have changed only the SWT reset, we do not need to re
run anysystem sizing.
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Ashypothesized, the revisions above to the ldaased SWT reset for the HWL were sufficient to address
all heating UMLHSs for theDlcoldest days in January:

In fact, once agailas shown in the range test abgvee now have consistently very tight control of
temperaturesfor all 164 spacewithin less than 1°F of the heating and cooling setpomwtsile preserving
some of the energgaving benefits of the loadased SWT reset for the HWLhe temperatures
maintained in the patient rooms, which were previously untleated, are now mostly hovering just
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