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Carrying out an ASHRAE 90.1 Project:
Performance Rating Method (Appendix G)




EDSL|Tas

Carrying out a 90.1 Appendix G Project

A 90.1 Appendix G project is carried out on a new
office building in climate zone 5A. The 2007
version of 90.1 is being used.

45 thermal zones, split across four office levels.

Geometry was created in the Tas3D modeler but
Tas3D can also import geometry via Revit gbXML.
A model of this size would import within seconds.

Performance of proposed and baseline buildings
will be compared — this geometry will be used as
the basis for each of the five buildings.
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Preparing the Proposed Building

Building fabric and activity types (gains, schedules, and

thermostats) are specified in Tas Building Simulator.
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office.tbd - Tas Building Simulator
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The 3D visualization tool allows the user to verify that

inputs are applied to the correct areas of the model.
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(2] Tas 90.1 Studio ] B

File  Tools Help
EEHBE EEEEEEEE
EEl .ul W @ & 35

90. 1 Project

-1 Aoffice.npo
=-[3 Proposed

----- office.t3d
----- E office.tbd
----- office.tsd

----- E office proposedipd
- [ Baseline

=3 Baseline o
----- g office_baseline_000thd

office_baseline_0004=d
----- office_baseline_000ipd
= [ Baseline 90

----- office_baseline_090.ibd
----- office_baseline_090t=d

----- office_baseline_090.ipd
[E- [ Baseline 180

----- office_baseline_180ibd
----- office_baseline_130isd
----- office_baseline_180ipd
- [ Baseline 270

----- é office_baseline_270.ibd

office_baseline_270t=d
----- office_baseline_270ipd
=20 Repors

- - office_costcomparisonpdf

i ) office_regcostcomparisonpdf

Messages

A comparny logo has not been defined in the project details dialog.

m

Managing 90.1 Projects With
Dedicated Studio Application

Tas Engineering includes a 90.1 studio which
keeps all your project files in one place. The
studio contains tools for generating baseline
building geometry and lighting gains for 90.1
versions 2007-2016.

The user adds the proposed geometry (Tas3D)
and building data (TBD) files to the studio. The
next stage is to create the baseline buildings.

(Tas is compliant with ASHRAE 140-1 (2014, 2007,
and 2004), and is a qualified 179D software for
Tax deductions.)
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Creating the Baseline Buildings

Baseline buildings are generated quickly and easily using
the tools built into the Tas 90.1 Studio. The baseline
geometry is created from the proposed building for each
rotation (0°, 90°, 180°, and 270°).

Baseline constructions applied according to the surface
types specified by the user and the 90.1 version being
used (in this case 2007).

Baseline lighting gains are applied automatically — both
the whole building method and the space-by-space
method are supported.

All five buildings can then be simulated for a whole year
period to obtain room temperatures and heating and
cooling loads. These simulations are multi-core enabled
to allow simulations in parallel.

_ul Baseline Generation Wizard

Generate the Bazeline buildings

Create bazeline buildings.

Task

% Creating Building Pefformance Rating Method Buildings
% Creating 0% Building File

%" Re-exporting Geometry from 30 Fle

%" Adjusting Geometry and Applying Constructions
%" Saving

% Creating 907 Building File

%" Re-exporting Geometry from 30 File

=" Mdjusting Geometry and Apphing Constructions
+# Saving

% Creating 180° Building File

% Re-swporting Geometry from 3D File

+7 Adjusting Geometry and Applying Constructions
+* Saving

== Cregting 270" Building File
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Air Side Systems — Using the Systems Wizard

The air side systems for the proposed building are set up according
to client specifications.

# Tas Systems Project Wizard

Airside Configuration

Select and configure systems for the defined zone groupings.

System Type E% ':':l | 6=
E& Servers WRF with Grouped Mechanical Went 4 Components 5
[ L WAY Marth YAy : - B
: E— Vi 4 Cooling Coil
Bd‘; FAY J0U ] Bypazs Factor 0.1{0-1)
""" () Reception Deka T 14.4 (°F)
..... rv‘| Meeting Room 5 Dty Ezed
""" FH{: mee?ng Eoum; Reset Temperature Incre: 9.0 °F
""" r.-.‘,l Meet!ng Roam 5 Size Fraction 1.0x L
""" ol ees ?ng fam Supply Temperature Resx Yes 1
----- [ ) Meeting Room 1
L ' 4 Esxchanger
----- [ Level 3 Offices 4 Heating Only No
""" ;.-.’:: teve: f gg!ces : Latent Efficiency 0.0
----- e g‘*’e Ices i Senzible Efficisncy 0.7=
EB---E&; ore 4 Eutract Fan 8
1| [ | 3 Heat Gain Factar 0.0 {0-1)
SFFP 0.283 W./cfm
_‘é 4 Supply Fan
E Floww B ate Units Air Changes (ach)
E L Design Flow Rate 1.05 ach
| Heat Gain Factar 0.0 (0-1)
5 SFF 0.472 W/cfm
.g O— Supply Pressure Rezet  Yes
a 4 Heating Coil
= Dela T 14.4 (°F)
Dty Sized 57
Help < Back ][ Meut >
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This building has four air handling units. Three VAV
systems serve South facing areas, North facing
areas, and core areas. Server rooms have cooling
from local VRF units, with common mechanical
supply and extract.

Creating the systems in Tas begins with opening the
Project Wizard in Tas Systems. The Wizard contains
a library of typical system types (including baseline

systems for 90.1 versions 2007-2016).

For each system type the Wizard allows a range of
system properties to be adjusted - for example, one
can change how fresh air rates are sized, fan
efficiencies, and specify the VAV system to use
supply temperature reset and pressure reset.

In this example, the building’s occupied areas
receive 1.05 ACH of fresh air.
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Air Side Systems — Component Modeling

Tas Systems is a component based system modelling tool. Each
component is modelled separately, rather than using the "black-box"
approach where variables are entered into a small range of known
system types.

This means that systems are networks of fans, coils, heat exchangers,
and controllers, etc. Controllers give the user the power to manage
component operation using a wide range of parameters.
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. . . Propetties | Partioad | Dveral efficiency|
Air Side Systems — Fully Editable Components -5
Mame Supply Fan
. . . . Descripti
All component properties can be edited in full detail after systems ot Aways On
have been created, and systems can be edited by removing SE’DSZ?Q':;EzEm e
components or adding new ones. Tas Systems features fully Design Flow Rate 4269529 cim
. . . . . = Minimum flow source All Attached Zones Fresh Air
customizable control logic allowing real-life system operation to be Minimum Flow Rate 119.678 cm
H Minimum design flow fraction 00 1
modelled as closely as possible. Oversl efficioncs ‘0 b
Heat gain factor 0.0 -1
. . Partload (Profile)
An example of the sort of operation that can be modelled is the Pressure 0.145 pi

pressure reset in the VAV system, highlighted below. ' _
Controllers (yellow) monitor the temperature and air

flow rate into a zone and send signals to a master
Level 0 Offices 1 controller (orange) which interprets the incoming
signals to send a new signal to the zone’s damper,

telling it how much to open or close.

[J1/12[ ]

--------

| Another master controller in the Air Handling Unit
receives signals from each zone’s damper and sends a
_____________________ i new signal to the supply fan so that the incoming air
flow rate is such that at least one of the dampers is
completely open.

Kl
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Air Side Systems — Libraries

The usual method for creating a
custom air side system in Tas
Systems is to choose a similar system
from the Wizard and then edit it, for
example by adding humidification,
changing the control logic, etc.

Systems can also be created from
scratch using individual drag-and-
drop components from the Library,
and manually connecting them with
Ducts and Pipes.

Once a system has been created, it
can be stored in the Library to be
used in future projects, saving time
and effort.

Added AHU coils and dehumidification
Changed exchanger logic

server 1




Egﬂ ’roposec 0 antroa

L AJ
@
®
>
J

HVAC Plantroom — Custom Systems

o \ District Heating\

_—§§ql Vert'cal Borehole Array 1‘ -—;—* ‘ Core AHU Heating‘ TR as & @
i O o =k S

Cold water tank| - i B oq— L1

Server rooms cooling

2t ey 2ok

o
£ ]

[ =2

Hot water tank|| = | -
[AHU Cooling Coils| g | | . o

A @‘ Offices AHU Heating‘

] @— _
| Chiller 1 || Chlller2 | Zone Heating

Vertlcal Borehole Array 2

The same principles apply to the creation of ‘water-side’ systems. For this project there was no close equivalent in the
project wizard and was created from scratch.

A central heat pump provides the bulk of the heating and cooling required. The heat pump provides both hot and chilled
water. Thermal storage is provided in the form of water tanks and vertical borehole arrays for times when there is an
imbalance between heating and cooling demands. Backup cooling is in the form of two chillers. Backup heating is provided
by a link via heat exchangers to the local district heating system.
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HVAC Plantroom — Modeling Process

A system of this complexity can quickly be assembled using
components from the Library. A live, self-updating list of
errors and warnings keeps the user informed of potential
issues in the system setup.

Values for pump flow rates and water tank sizes are
entered into the appropriate components.

Chillers can be sized using design conditions or values can
be entered into the components - the chillers have fully
customizable profiles including duty and efficiency,
allowing, for example, the efficiency to be varied with
different external air temperatures and water
temperatures. This functionality allows the user to
reproduce tables of performance data given in
manufacturer data.

&5 Errors (4)
® 2x Component has Too Few Pipes

@ 1x Controller has no control arcs
& Controller has no control arcs
@ 1x Controller has no type

[c©) Warnings (1)
#, 1x Component has no Duty

/b Plant Room 2 Air Source Chiller 1 has no duty

&) Mot enough pipes on Plant Room 2 Air Source Chiller 1, input port 0

&) Controller has no type and needs to be connected with a sensor or chain arc

Table | .

Cooling Capadty Correction for Temperature

Outdoor Drybulb (°F) | Entering Wetbulb (°F) | 60.8 64,4 88.0 | 7LE
68.0 0 1.08 1.14 1.215
Frao 0.96 1.03 1.115 1.19
86.0 0.93 0.995 1.085 115
95.0 0.89 0.96 1.04 1.12
104.0 0.85 0.93 1.0 1.08
113.0 0.81 0.87 0.94 1.02
1| i1}

[ Extrapolate

& Mot enough pipes on Plant Room :: Pump (Cooling tower chiller loop), output port 0
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HVAC Plantroom — Modeling Process

Other components have similar functionality, with a range of customizable
profiles appropriate to their use. The G-functions which dictate the thermal
response of the vertical boreholes can be loaded from a library of G-functions
appropriate to the geometry of the borehole array in use.

Finally control logic is added to manage the heat pump operation, to control
the conditions that activate backup heating, and to switch the backup chiller
in use depending on external air conditions.

N ﬁl__

[ Controller 11 - tank temp ]

b ]
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@
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HVAC Plantroom — QA/ QC

Having built a custom system of this complexity the user can
now interrogate the results to ensure that the system behavior -
matches expectations. Tas Systems reports any events
encountered during simulation (for example zone temperatures -

out of range).

Total simulation time for the file, including four air side systems | |~
and HVAC plantroom, is five minutes. This speed empowers

designers to evaluate and adjust systems for optimal -

| | | | | | | | | | | | | |
9 10 11 12 13 14 15 18 17 18 1% 20 21 22 23 24

Haour

» A
a [
Ol» 0 C o]0
(J
A Flow Rateln ¥ Flow Rate Out & Temperature in W Temperature Out Heating Demand
@ CoolingDemand & Consumption @& Compressor @ Ancillary Load

4 = 1 ™1 * + - = = ___i g

- i

T o
(=]
i

T2 s

J Ta
4=

()

T o
T =1
T

- o]

| T a
(=]
—="Tha

To

performance and higher quality.

. Month | Flow Rate (gal/min) [Ave] |Temperature (°F) [Ave] | Heating Demand (kBtu) [Sum]| Coeling Demand (kBtu) [Sum]| Consumption (kKW-h) [Sum]
Results are stored for every component, pipe, and L 188 .- 188 1171 o137 4983 1025
H H 2 189.3 -= 189.3 471 =471 7349 592.0 97.2
controller for every hour of the simulation. System [ =2~ 2~ Rl = g sk
operation can be checked in detail for different ECEESUY 475415 1718 1724 1404
. . . . 5 1915-> 1915 485 -> 485 189 3249 2304
times of year and during occupied and unoccupied [f w7 194> 495 00 4608 273
. 7 1918 ->191.3 513-»514 0.0 5843 4281
perIOds' 8 191.7 -=191.7 510-=511 00 5204 3857
9 1917 -»191.7 49,7 -» 49.5 0.0 4043 296.2
Results can be viewed in tabular or graphical format || .5 e = o Tee
and can be exported to external programs such as [z 157157 102470 @1 082 1093

Excel for further investigation.



HVAC Plantroom — Presentation

Labels can be added to any part of a system to highlight important results or make schematics more readable. Color

coding can be used to indicate temperature, pressure, and flow rate.

‘ District Heating‘

[ﬁ ‘ Vertical Borehole Array 1‘ “;“
I I CAen

‘Server rooms ceoling‘

| Cold water tank‘ :

_;w ‘ Core AHU Heating| e

[ «:
e

‘ Hot water tank‘ s

AHU Cooling Coils|

Chiller 1 || Chiller 2 ‘ Vertical Borehole Array 2 ‘

| AHU Heating Coils |

Offices AHU Heating

)

After verifying that the proposed systems operate as expected the project continues to the baseline systems stage.
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Baseline Systems — Automation R )

The setup of the baseline systems in Tas is largely automated. | 1|
There are cases when the user must take action to determine .@ 5 ..
whether a certain option should be used (for example adding I T
a preheating coil to a system). These situations are highlighted

clearly in the documentation provided with Tas. O @ @

To set up the baseline systems the user makes use of the Tas

Systems Project Wizard and the 90.1 efficiency tools which are

included in Tas Systems. It is only necessary to set up one

baseline systems file - the 90.1 studio can generate systems . f———%—%@:::; ‘ Server 3 ‘
for the remaining three baseline buildings using this file. oot |

Server 3
L,

In this project the proposed building's primary source is
electric, which for this building size and version of 90.1 é
(v2007) means the baseline systems will be mostly system 6 & ®
(VAV with PFP box) while areas with significantly different

schedules or gains will use system 4. Baseline systems chosen @
in the wizard are set up in accordance with the requirements

of 90.1 Appendix G.
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Baseline Systems — Automation

# Tas Systems Project Wizard

Using the zone groups automatically created by the software, a
Air-side Configuration

VAV AHU can be quickly set up for each floor of the building. Select ond configurs systems for the defined zone groupings.
Areas with significantly different schedules are dragged and
dropped to a different system. System Type

Eﬂ Svs 4 Baseline System 4
Each baseline airside system will automatically have the jj% aes e e

appropriate heating and cooling system created for it. In this - L1 Sys 6 Baseline System &
instance this means a heat pump, but for baseline system 7 for oyt faseline System ©
example, the wizard would create a cooling system featuring a
water-source chiller, primary and secondary pumping, and a
cooling tower sized according to the requirements of 90.1
Appendix G.

L

L

o

E‘

=] _ | - 4
5 .

S :

g £ )

o o’
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Baseline Systems — Automation

The 90.1 efficiency tools included in Tas Systems are used to dynamically size the efficiencies of fans, heat exchangers,
boilers, chillers, and heat pumps. The tools make use of the Lua scripting language to overwrite the default behaviour of
these components and ensure that the efficiency values used by the components comply with the requirements of the 90.1
document - for example fan efficiency depends on the system type, maximum flow rate, regulations version, etc.

[32] 90.1 Airside Efficiency Tool . 5™

1/2: Fans

The use of dynamic sizing
means that if the sized

Apply zettings to all systems Mone Selected » Mone Selected - Ca pa C Ity Of th e CO m pO n e nt
— — - should change (e.g. fan flow
Mumber . Pressure Drop Efficiency System Fan
System Name System Fan Horsepower Method Fan Efficiency Method : Flow Rate Horsepower SFP o -
ofFens Type Adustment crw) & wicrw  ForertW) rate) then the new efficiency
Baseline System 4-... |2 4:PSZ-HP  ~ | 1: Fan System Motor Nameplat... = | 90.1 2007 Table 10.8 ~ |0 216.61 0.24 825 0.994667 215.452 .
Baseline System 4- .. |2 4: PSZ-HP = | 1: Fan System Motor Nameplat... ~ | 50.1 2007 Table 10.8 ~ (0 14551 0.16 825 0.954667 145107 WI I I be reca Icu Iated a n d u Sed
Baseline System 4- ... |2 4: PSZ-HP = | 1: Fan System Motor MNameplat... = | 90.1 2007 Table 10.8 -0 223.87 0.25 825 0.994667 222673 ad uto m atica I Iy. Th iS beco mes
Baseline System 4- .. |2 4: PSZ-HP  ~ | 1: Fan System Motor Nameplat... = | %0.1 2007 Table 10.8 (0 22555 0.25 825 0.954667 228 328 . t t h t h
Baseline System 4- ... |2 4: PSZ-HP = | 1: Fan System Motor Nameplat... = | 90.1 2007 Table 10.8 ~ |0 228.95 0.25 825 0.994667 22771 Ve ry I m po r a n W e n e
Baseline System 6-L... |2 6: Packa... ~ |1:Fan System Motor Nameplat... = |90.1 2007 Table 10.8 |0 7.123.42 10.69 91 122967 8779 456 ba se I i ne Syste ms fi |e Wh ic h
Baseline System 6-L... |2 6: Packa... = |1:Fan System Motor Nameplat... = | 50.1 2007 Table 10.8 ~ |0 721080 10.82 91 122567 B8866.909 h . t b t .
Baseline System &6-L... | 2 6: Packa... ™ |1:Fan System Motor Nameplat... = | 90.1 2007 Table 10.8 (0 £.5954.61 10.43 51 1.22567 B8551.881 a S J u S ee n Se u p ls
Baseline System 6-L_ 2 . [B 1: Fan System Motor Namepiat . [ 9012007 Table 108 0 replicated for use with the

other baseline buildings.

Help < Back
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Baseline Systems — Automation

Running the 90.1 efficiency tools is the last action required in

the Tas Systems program.

The user then returns to the 90.1 Studio and selects the
option to copy the baseline systems file for use with the

remaining baseline buildings. Thanks to the dynamic sizing of
component efficiencies it is unnecessary to carry out any

further work on these new files.

L AJ
@
@
>

-

-
Copy Fresh Air Rate Values EM

-

Performing Task.. & 8 0 U B B

Generating 907 System File

@ From Proposed building to Baseline
(") From Baseline building to Proposed
Bazeline [

Mote that fresh air rate sizing must be completed before
using this tool.

Apply

Finally, the 90.1 studio can be used to
copy the minimum fresh air values
from the proposed systems file to the
baseline systems files.
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Simulation and Reports

Systems are simulated for the five buildings
simultaneously - these simulations are multi-core
enabled allowing simulation in parallel and
increased workflow efficiency.

-
Batch Simulator

No. simultaneous simulations: |2

File

office proposed tpd
office_baseline_000.tpd
office_baseline_090.tpd
office_baseline_180.tpd
office_baseline_270.tpd

Status

Sizing 50
Sizing 86
Sizing 80
Sizing 74
Sizing 80

Annual Summary

[ Lighting [ Equipment [ Auxiliary [l Cooling [l Heating

i

Baseline 90° Baseline 180" Baseline 270°

Proposed

) D
8 atIC 0 Repa
Plantroom Summary
Plant Room
- Distric: Heating
Vetical Borehole Array 1| o | | Come AR HeatIng ) 1 B
‘ - |
i by JF R
= [ i 2on
| Offices AHU Heatng
Hot water tank

Vertcal Borehols Array 2

N Hestrsy Coe

Plant Room :: Electrical Group - Fans

Properties

Component Type: Electrical Collection

Electrical Source: Grid Supplied Electricity

Type: Fans

Annual Results

Electrical Demand: 27391.04 kW-h

The 90.1 Studio generates reports comparing proposed and
baseline consumption, carbon, and costs.

Reports can also be generated with sizing results for all
components, and inputs and results for all systems.
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. Bl o B Gase Avg
Project Results

0.16
The Proposed building design: o
012
* 16.0% energy consumption improvement over the baseline 0.1
e 27.4% running cost saving over the baseline £ oos
0,06
Proposed building has seventeen unmet hours, baseline has five hours. 004
‘ 0,02
0
lar Mar hay Jul Sep =1
Feb Apr Jun AUE Dt Dec
Proposed ($/ft?) Baseline Avg. ($/ft?)
Jan 0.06 0.10
Feb 0.05 0.08
Mar 0.06 0.08
Apr 0.0& 0.07
May 0.08 0.10
Jun 0.08 0.12
LEED Excel sheet automatically populated with input data and results. Jul 0.10 0.15
Aug 0.10 0.14
Automatically generated reports give a clear and detailed breakdown of sep 208 .
o . Oct 0.07 0.08
building energy consumption and costs. o . o

Dec 0.06 0.05



