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Agenda

Plant modeling basics using EnergyPlus (E+)
e ‘Complex’ hydronic plant modeling

* E+ plant loop structure and equipment
* E+ plant loop controls & Energy Management System (EMS)

Simulation workflow approach
* Model setup and input file creation
* Pre/post processing, model diagnostics

Case studies
* OHSU — CHH South, Block 28 & 29 (Portland, OR)
e PHSA — Teck Acute Care Centre (Vancouver, BC)
e Seattle Children’s Hospital — Building CARE (Seattle, WA)




EnergyPlus
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Why EnergyPlus?

Limited Flexibility  Very Flexible
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Why EnergyPlus?

Flexibility to build hydronic loops to simulate the energy performance as designed and engineered

Detailed objects for many real world equipment and components
* Boilers, chillers, heat pumps
* Thermal storage tanks (HW, CHW, mixed/stratified, ice) ENERGYPLUS™ VERSION 8.9.0 DOCUMENTATION
* Loop-to-loop objects, heat exchangers and heat pumps Input Output Reference

Robust controls 015, Deartment of By

* Many types of setpoint managers, load operation schemes (&
e Custom EMS controls =

ENERGYPLUS™ VERSION 8.9.0 DOCUMENTATION

Engineering Reference

1.8, Depariment of Encryy
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Plant Loop - Structure
Supply Side Demand Side

EnergyPlus has 2 main types of loops in the HVAC simulation
e Airloop and plant loop
* Plant loop uses a liquid fluid as the transport medium

Each loop is broken up into 2 half-loops
e Supply side and demand side

 Demand side equipment places a load on the supply side primary equipment
* The supply side operates to meet a specific load and flow condition
» User specified rules for how that load is distributed to supply side equipment
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Plant Loop - Structure

INLET Supply Side OUTLET / INLET Demand Side OUTLET
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Each half-loop has an inlet and outlet

Loop pump is typically placed as first object on supply side
inlet

* Placing a pump on the demand side inlet will simulate
primary-secondary systems

* ‘Branch pump’ can be placed in parallel section of a
branch (chiller/boiler pump, etc.)
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Plant Loop Basics - Structure

Components

* Nodes (stores properties of the loop at that location)
* Branches (one or more objects linked together in series)
 Splitter/mixer (allow branches to be setup in parallel)
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Structure 1 l

e Within any single branch, objects can only be in series
e Each half-loop may only have 1 splitter and 1 mixer

* Branches may be in parallel only between the mixer and splitter
* Good practice to have a splitter and mixer even if all objects are in series
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Plant Equipment — Commonly Used Objects

Chiller:Electric:EIR
e Air-cooled or water-cooled
* Heat recovery only available with water-cooled
condenser*

Boiler:HotWater

DistrictCooling

DistrictHeating
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Plant Equipment — Commonly Used Objects

HeatPump:WaterToWater
* 4-pipe hydronic (hot, cold)

* Two models, EquationFit:Cooling and
EquationFit:Heating

* Object only controls to one mode (heating or
cooling), other mode is always passive

CentralHeatPumpSystem

Diagram of chiller-heater bank with one module in heat recovery mode, two in cooling only mode
* 6-pipe hydronic (hot, cold, source) LoAD sive SOURCE/SINK
* Made of multiple ChillerHeater objects = k S“ — "
* 5 modes of operation Hot Water . lodazs[ ' ﬁd.tv“ : {}d‘;.v.»
— Heating only, cooling only, balanced heat ‘ @4 @4 @4 @4 @4 @4
recovery, heat recovery with trim cooling, heat | s 1y =1
recovery with trim heating ° el =T L T ||| T |,
—> User not able to actively control mode of e warer - ——— T B—rr 1
operation* SN SRR EEE,




Plant Equipment — Commonly Used Objects

WaterHeater:Mixed
* Hot water storage tank

e Can be standalone or coupled with other objects...

* WaterHeater:HeatPump (often used to

approximate plant loop air-to-water HPs by
minimizing tank volume)

* Energy storage for solar hot water or waste
heat recovery

ThermalStorage:ChilledWater

ThermalStorage:lce
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Plant Loop Controls

Control Objects
* SetpointManagers

* AvailabilityManagers
* PlantEquipmentOperationSchemes
* Energy Management System (EMS)

AFFILIATED ENGINEERS, INC.
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Plant Loop Controls

Control Objects Examples
e SetpointManagers e SetpointManager:Scheduled

* SetpointManager:OutdoorAirReset
* SetpointManager:ReturnTemperature

Description

Place a calculated or scheduled setpoint value on the
setpoint node

Setpoints are then used by plant loops as a goal for
their control actions



Plant Loop Controls

Control Objects Examples
* AvailabilityManager:Scheduled
* AvailabilityManagers * AvailabilityManager:DifferentialThermostat

o “”:High/Low Temperature Turn On/Off

Description

Access data from node and make a decision on
whether a plant loop or equipment should be on or
off

Output is an availability status flag

Loop pump then takes action of turning loop on or off
— availability manager will overrule the pump on/off
schedule



Plant Loop Controls

Control Objects Description

Once loop load is calculated from demand side and
loop setpoint, the load needs to be allocated to the
* PlantEquipmentOperationSchemes supply equipment according to user input.

Overall operation scheme assigns priorities to
multiple control schemes that may be assigned to a
loop (list order defines priority)

If control scheme is unavailable, control will move to
the next highest priority

Operation scheme links to a list of equipment and
uses the plant loop load distribution scheme to
dispatch load to equipment



Plant Loop Controls

Control Objects Uncontrolled
* If the loop runs, the equipment will also run to full
capacity
 PlantEquipmentOperationSchemes Load based control schemes

* HeatinglLoad, CoolinglLoad

* Defines load range and which equipment can
operate for each range

* Load is dispatched according to load distribution
scheme (sequential, uniform, PLR or load range)

ComponentSetpoint

* Sequences plant components based on the outlet
temperature of individual equipment

* Each piece of equipment must have its own setpoint
that is different from loop setpoint




Plant Loop Controls

Control Objects Description

EMS provides a way to develop custom control and
modeling routines for E+

Provides high-level supervisory control to override
Energy Management System (EMS) selected aspects of E+ simulations

Access sensor data and use this data to direct control
ENERGYPLUS™ VERSION 8.9.0 DOCUMENTATION a Ct i 0 n S

Application Guide for EMS

Concept is to emulate the types of control possible
with DDC building automation systems in real

N - buildings

e

U.S. Department of Energy

“The Book of Erl”



Plant Loop Controls - EMS

EMS:Sensor

* Declares a variable. Used to get information from
somewhere else in the model to use in control
calculations.

* Generally uses normal E+ output variables

EMS:Actuator

* EMS initiates control actions by changing the value
of this variable.

e Actuators override things in E+. Normal operation
resumes when actuator is set to Null.

* Can be scheduled value, on/off status, flow rate,
load dispatch, node property, etc.

AFFILIATED ENGINEERS, INC.

EMS:Program

* Contains control logic (code) to be executed

* Uses simple if/then/else/set statements, functions
and expressions to

EMS:ProgramCallingManager

* Defines when in the simulation, and/or timestep,
EMS programs are executed

* Also defines when EMS programs are executed
relative to other EMS programs

Global/Output/Internal Variables

* Another means of accessing and reporting variables
for use in EMS




Plant Loop Controls - EMS

‘EF IDF Editor - — O *
& File Edit View Jump Window Help -8 x
01| |E| wewobi | Dupobi | DupObi+Chg| DelOb | Coppobi | Face i
Clazs List Carmments from IDF
[0003] PlantLoop ~
[0001] PlantE quipmentLizt
[0001] PlantE quipmentd peration: Coolingload
[0003] PlantE quiprmentD perationS chennes
[0008] EnerguidanagementS ystem:ictuatar
0001] Ernergukd anagementS ystem: ProgramCallingkd anager
[0001] Energytanagemen n:Program
[0020] ErergytanagementSystem: Outputif anable
[ggag% Elr'uertu_:jl_:_l,JManagetnaentS_l:;terﬂ:Intgn?f\p’e;iable
antE quipment0 peration: JserDefine ; g ;
{sz] Setpnir?tMpanager:pScheduled E:-:p_lanatlon nf. I:I_b|eu:t a_nd_ Current_FleId
[0007] S etpointkd anager:FollowOutdoodiT emperature Object Description: This input defines an Erl program 2
[0008] Curve:Quadiatic Each field after the name is a line of EMS Runtime Language
[0003] Curve:Cubic . . .
[0013] Curve:Biquadratic Field Description: no spaces allowed in name
[0001] LifeCycleCost:Parameters ID: A1 .
[0001] LifeCycleCost:MonrecurmingCogt Enper_a alphanumerlc walue
[D005] LifeCycleCost:U zePriceE scalation v |This figld iz required. ]
Field |drits Obyl ~
t ame
Program Line 1 SET hre_temp_limit = 54
Program Line 2 SET hrc_cap = -260.0112000.0/3.412
Ad SET ch_cap=-1000.0¢12000.0/3.412
A5 SET absz_hic_cap = @dhs hro_cap
AR SET abs_cooling_load = @bz Chilledw aterLoop_CoolingDemand
AT SET abz heating_load = @4bs Hobw aterloop_HeatingDemand
Al SET min_load = @Min abs_cooling_load abs_heating_load
A9 SET neg_min_load = -min_load
Al0 IF [mir_load == abz_heating_load)
Al SET dizpatch_load = -min_load / (1.0 + 266261 /876000)
A12 ELSE
Al3 SET dispatch_load = -mir_load
Ald EMDIF A
energy+.idd |Energ Flus B.B.D| |hrc_cntr| |Versi|:|n Mismaich
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Simulation Workflow Approaches

Model setup and input file creation
e EnergyPlus IDF Editor

Energy Lighting and
Simulation Daylighting

* OpenStudio

Pre & Post Processing
e Data transfer and calculation

* Model diagnostics -
ﬁ\l;gg::agtion
Model
(BIM)

Shading

Renewable Energy
Systems
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Simulation Workflow — Model Setup

£ IDF Editor - - m} X
. & File Edit View Jump Window Help - & %
Energyplus IDF Edltor 0 |c2| | Mew0bi | DupObi | DupObi+Cha| DelObi | Copy Ok
Class List Comments from IDF

e ‘GUI’ that is distributed with E+ o :
 No visual representation of system layout i Gl

until successful setup and simulation B S

0001] SolaCollectorFlatPlatew ater = — — = = ~
B ot ater (Obiject Description: This chiller model is the empirical model from the DOE-2 building Energy
simulation pragram. Chiller performance at off-reference condiions iz modeled

° M a ny 0 bj e Cts to m a n a ge fo r e a C h p i e ce Of W?targaplELMixEdowate,.Equat,mp,,..:mhng using three polynomial equations. Three curves objects are required.

PlantLoop Field Description:
1 I r l PlantE quipmentList 1D: A1 .
e q u I p e n seee PlantE quipment(] peration:Heatingload Enter a alphanumeric valug
PlantE quipment perationS chemes This field is required.

EnergyM anagementS ysten: Sensar
E nergyM anagementS ysten:sctuator

E nergyhd anagementS ystem: ProgramCallingtd anager b

Field Units Obil Obj2 Obj2 A

Hame Chiller 2 Chiller 3

Reterence Capacity W 1.49466246E + 08 1.43466246E+06 1.49466246E 406

Reterence COP WA 5.2 5.2 5.2

Reference Leaving Chilled ‘W ater Temperature C E.ET E.ET BBV

Reterence Entering Condenzer Fluid Temperature C 29.4 294 294

Reterence Chilled Water Flow Rate m3ts autosize autosize autosize

Reterence Condenser Fluid Flow B ate m3ts autosize autosize autosize

Cooling Capacity Function of Temperature Curve Mame Air-Cooled Cap_fTemp Air-Cooled Cap_fTemp AirCooled Cap_fTemp

Electric Input ta Cooling Dutput Ratio Function of Temp Air-Cooled EIR_{Temp Air-Cooled EIR_fTemp AirCooled EIR_fTemp

Electric Input ta Cooling Dutput Ratio Function of Part L Air-Cooled EIR_{PLR Air-Cooled EIR_fPLA AirCooled EIR_fPLR

Hinimum Part Load Batio o1 01 01

taximum Part Load Ratio 1 1 1

Optimum Part Load R atio 1 1 1

tinimum Unloading Ratio 0z 0z nz

Chilled ‘w/ater Inlet Mode Mame Chiller 1 Chilled ‘wWater Inlet Node  Chiller 2 Chilled ‘W ater Inlet Mode  Chiller 3 Chilled '/ ater Inlet Mode

Chilled '/ ater Outlet Mode Mame Chiller 1 Chilled water Outlet Mode  Chiller 2 Chilled ‘W ater Outlet Node  Chiller 3 Chilled '/ ater Outlet Mode

Condenser Inlet Node Mame

Condenzer Dutlet Mode Mame

Condenser Type AirCooled AirCooled AiCooled

Condenzer Fan Power Ratio Wi 0 0 0

Fraction of Compressar Electric Conzumption Rejected | 1 1 1

Leaving Chilled "/ ater Lower Temperature Limit C 2 2 2

Chiller Flow Mode Nothodulated Mot odulated NotModulated

Design Heat Recoven Water Flow Rate madz A
energy+.idd | EnergyPlus 8.8.0 Chiller1

L{:.....».... o o s e i
e o oo s e | s e g b [ o oo e

\c.mw T A{ e - e




Simulation Workflow — Model Setup

£ IDF Editor - - m} X
. . . . & File Edit View Jump Window Help - & %
TO add 1 bOIIer 18] IDF Edltor. 0 |c2| | Mew0bi | DupObi | DupObi+Cha| DelObi | Copy Ok
Class List Comments from IDF

1 . 0003] Sizing Flant ~
 Boiler:HotWater
0006] Branchlist
0006] Connector:Spliter
° I I t N d O tl t N d 0006] Connector:tiser
0006] ConnectorList

n e O e’ u e O e 0011] Pipe:Adisbatic
0003] Pump: ariableS peed
0004] LoadProfile:Plant

® B ranc h ggg] gD:a'ED”EDED'F;T'fIgImf"\?;'f‘atp'ate Explanation of Object and Current Field
olarCollectorFlatPlatew'ater
B ot ater (Obiject Description: This chiller model is the empirical model from the DOE-2 building Energy
E simulation pragram. Chiller performance at off-reference condiions iz modeled
° B h L . t eatPump: o/ aterE quationFit:Cocling using three polynomial equations. Three curves objects are required.
‘w/aterHeater:Mixed
ra n C I S FlantLoop Field Description:
PlantE quipmentList ID: A1 .
PlantE quipment0 peration:HeatingLoad Enter a alphanumeric: value

H i This figld is required.
Y C t . S I tt PlantE quipment perationS chemes
O n n e C O r . I e r EnergyM anagementSpstem:Sersor
EnergyM anagementS pstem:Actustor
E nergyhd anagementS ystem: ProgramCallingtd anager b

e Connector:Mixer =

Name Chiller 1 Chiller 2 Chilles 3
FReference Capacity W 1.494EE24EE +08 1.494BE24EE 406 1.494EE246E 06

° P I a nt Eq u i p me nt Li st Rieterence COP \éww ::27 52 52

Reference Leaving Chilled ‘W ater Temperature E.ET BBV
Reterence Entering Condenzer Fluid Temperature C 29.4 294 294
. Reterence Chilled Water Flow Rate m3ts autosize autosize autosize

o M ay re q u I re l I l O re cene Reterence Condenser Fluid Flow B ate m3ts autosize autosize autosize
Cooling Capacity Function of Temperature Curve Mame Air-Cooled Cap_fTemp Air-Cooled Cap_fTemp AirCooled Cap_fTemp
Electric Input ta Cooling Dutput Ratio Function of Temp Air-Cooled EIR_{Temp Air-Cooled EIR_fTemp AirCooled EIR_fTemp
Electric Input ta Cooling Dutput Ratio Function of Part L Air-Cooled EIR_{PLR Air-Cooled EIR_fPLA AirCooled EIR_fPLR
Hinimum Part Load Batio o1 01 01
taximum Part Load Ratio 1 1 1
Optimum Part Load R atio 1 1 1
tinimum Unloading Ratio 0z 0z nz
Chilled ‘w/ater Inlet Mode Mame Chiller 1 Chilled ‘wWater Inlet Node  Chiller 2 Chilled ‘W ater Inlet Mode  Chiller 3 Chilled '/ ater Inlet Mode
Chilled '/ ater Outlet Mode Mame Chiller 1 Chilled water Outlet Mode  Chiller 2 Chilled ‘W ater Outlet Node  Chiller 3 Chilled '/ ater Outlet Mode

Condenser Inlet Node Mame
Condenzer Dutlet Mode Mame

Condenser Type AirCooled AirCooled AiCooled

Condenzer Fan Power Ratio Wi 0 0 0

Fraction of Compressar Electric Conzumption Rejected | 1 1 1

Leaving Chilled "/ ater Lower Temperature Limit C 2 2 2

Chiller Flow Mode Nothodulated Mot odulated NotModulated

Design Heat Recoven Water Flow Rate madz A
energy+.idd | EnergyPlus 8.8.0 Chiller1

L{:.....».... o o s e i
e o oo s e | s e g b [ o oo e

\c.mw T A{ e - e




Simulation Workflow — Model Setup

OpenStudio (OS)

e Collection of tools to support
whole building modeling using
E+ simulation engine

* OS Application (GUI)

e OS Software Development Kit
(SDK / API)

* OS Measures (scripts)

e Other tools including SketchUp
plugin for geometry, parametric
analysis tool, Radiance

|||||

C+

airfloy

bimseg

NNNNN energ

gbxm
meas

mode|
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Simulation Workflow — Model Setup

OpenStudio (OS)
* Use OS Application to quickly setup plant
loops @ Apply Messure Now X

* Visual interface that holds E+ loop structure
and general ruleset

* Adding components to loop does a lot of the > Energy Recovery g g
‘heavy lifting” setup and " pistribution :
coordination/management " Ventation | |
. . ¥ Whole System : Select plant loop type
* Export E+ input file (IDF) for further B — [ ]
. . . Heating =
manIpUIatlon If needed “ My  Add Plant Loop With District Source Provide a name for the plant loop
* Measure to automate setup and bake-in best W vy st s [ Loop |
ra Ctices Plant loop design supply temperature [degF]
p “ My LK Set All Zones To Ideal Air Loads | i i o i |
130

“ My Remove Thermal Zones and Equipment with no Space v Plant loop design temperature difference [delta degF]

Ay e

pock Carce

; .
i |
DraqFromUtrary

1




Simulation Workflow — Model Setup

Custom workflows with OpenStudio API
e Use OS SDK to create custom tools that quickly generate E+ plant models

041 - fe
A E [ D E F G H | W K L M N [u] F (=] R s T u v W i A 2 Al AR AC AD AE AF AG AH
1 City SEATTLE-TACOMA INTL
2 Name PROJECT-1 Country  UNITED_STATES_OF_AMERICA
Download EPW Create IDF

3 Debug TRUE WMO 727530
4
5
6 CHILLED WATER LOOP CONDENSER WATER LOOP HOT WATER LOOP
7
B Load Profile Load Profile

Flow Flow
4 Load Rate Load Rate
10 Maz Min Auvg Maz Min Aug Max Min Avg Maz Min Aug
i [tons]  [tons]  [tons] |[gpm]  [gpm]  [gpm] [MEH]  [MEH] [MBH] |[gpm]  [spm]  [gpm]
12 Pain 92 2 LT 2e7 4 26 Pain 2992 251 1312 268 22 a7
12 Process - - - - - - Process - - -
14
15
G Design Operation Design Operation Design Operation

Supply Pump Supply Pump Supply Pump
7 Temp Delta T Pumping System  Include  Flow Fower  Setpoint Temp Delta T Flow Power  Setpoint Temp Delta T Include  Flow Fower  Setpoint
I IF1 IF1 [¥igpm] [E] IF1 IF] [vigom] [E] IF1 IF1 [¥igpm] [F]
19 42 1® Primary W ariable 22 4z 26 10 Primary Constant 19 26 120 0 Primary W ariable 22 120
21
22
23 Heat Recovery Chiller Cooling Tower Boiler
Heat Cooling

Cooling Heating Rejectio Flow Wet-bulb Approac Range Heating  Efficienc Flow
24 Staging Mame Capacity COP Capacity n Coil Rate Name ary Temp hTemp Temp Name Qry Capacity § Rate
E [tons] [MEH]  [MEH] [gam] IF1 IF1 IF1 [MBH] lopm]
26 First HRC1 250 3 4000 0 375 Variable Speed Cooling Tower 1 72 v 0 Condensing Boiler 5 3400 0.35 226
27

Flow
28 Chillers Rate
Cooling Flow

29 Staging Mame Type ary Capacity COP Rate Iopm]
a0 [tons] [gpm] 1013 !
kel First. ASHRAE 200-600ton  WaterCooled 3 428 B2z B37
a2
ek ]
13
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Simulation Workflow — Pre Processing

Plant model can be separate model from whole building model
e Multiple buildings fed by a central district or campus plant

* OpenStudio (or other) whole building model and EnergyPlus plant model
* May be easier to setup and troubleshoot plant model in isolation, faster simulation time
* Preference and discretion of modeler

LoadProfile:Plant Object
* Used to transfer loop load/flow information from whole building model to plant model

* Can reference hourly CSV file, or reference manual schedules in E+

* Hourly data for Load [W], Flow Rate [m3/s], Flow Rate Fraction [0-1]
—> Create hourly variables in whole building model
- Use loop design temperature difference and peak hourly load to define flow rates (peak & hourly)
- Flow rate fraction is a normalized value of hourly flow rate to peak flow rate

AFFILIATED ENGINEERS, INC.



Simulation Workflow — Pre Processing
@ python’

Data Tra n Sfe r Database Connections

In [5]: con = sqlite3.connect(os.path.join(path, filename))

Use custom python script to automate this
process, which does the following...

[ ) R u n OS Wh o I e b u i Id i ng Si m u |at i O n In [7]: heat loop_df = aei.create_plant_ loop_df(con, loopname)
In [8]: heat loop_df.head()

i QUerV reSUItS file (SQL) to pUII OUt hourly Ioop Out[8]: Cooling Demand Rate [W] Heating Demand Rate [W] Supply Flow Rate [GPM] Supply Temp [F] Return Temp [F] Delta T[F] Unmet Demand [W]

Heating Loop

In [6]: loopname = heating_loop_name

variables f 6o e weme o s s o
* Calculate peak/hourly/normalized flow rates : e - .
based on loop design temperature difference “ i e

In [9]: heat_loop_sum
heat_loop_sum Main CHW Norm Process CHW Morm Main HHW MNorm Process HHW Norm

i Write hourly |Oop information to CSV file out[9]: CHW Flow Flow CHW Flow Flow HHW Flow Flow HHW Flow Flow

Total Cooling

. . 1 |Hour Load Rate Rate Load Rate Rate Load Rate Rate Load Rate Rate

referenced by LoadProfile:Plant object ° . Wm0 mes 0w me 0wl el O
) o 1 -8329.42 0.000249 0.003331 -379836 0.011342 1 578384.7 0.008636 0.521254 0 0 0
° Run E+ plant SlmUIat|On In (el ;‘;:ﬁ—hijgﬁ 4 2 -8328.78 0.000249 0.003331 -379836 0.011342 1 572482.3 0.008548 0.515935 0 0 0
LA L] 5 3 -8228.72 0.000249 0.003231 -379836 0.011342 1 565126.8 0.008438 0.509306 0 0 0
. . Total Heating | ¢ 4 -8331.19 0.000249 0.003332 -379836 0.011242 1 547353.2 0.008172 0.493288 0 0 0
° Quer‘y results f||e (SQL) and Comb|ne results 7 5 -8331.95 0.000249 0.003332 -379836 0.011342 1 540047.1 0.008063 0.486703 0 ] ]
8 6 -8328.27 0.000249 0.003331 -379836 0.011342 1 519574.9 0.007758 0.468253 0 0 0
from Whole bu||d|ng model and plant model as 9 7 -8327.87 0.000249 0.00333 -379836 0.011342 1 562800.7 0.008403 0.50721 0 0 0
10 8 -8335.41 0.000249 0.003333 -379836 0.011342 1 5663419 0.008456 0.510401 0 0 0
deSII’ed 11 9 -12611.8 0.000377 0.005044 -350589 0.010469 0.923001 484267.8 0.00723 0.436434 0 0 0
12 10 -14950.5 0.000446 0.005979 -328430 0.009807 0.864662 457840.9 0.005836 0.412617 0 0 0
13 11 -15161.5 0.000453 0.006063 -322158 0.00962 0.848152 449759.9 0.006715 0.405334 0 0 0
14 12 -15124.9 0.000453 0.006073 -351226 0.0104883 0.924678 488547.8 0.007294 0.440291 0 0 0
15 13 -15192.7 0.000454 0.006076 -346644 0.010351 0.912615 482449 0.007203 0.434795 0 0 0
16 14 -15193.3 0.000454 0.006076 -339238 0.01013 0.893116 472574.4 0.007056 0.425895 0 0 0




Simulation Workflow — Post Processing

Model Diagnostics

Model results are used to ensure the model is
operating as intended and support design
EnergyPlus tabular results

e HTML file and web browser

* CSV / excel

EnergyPlus hourly results
* XxEsoView
* DView
* CSV / excel

OpenStudio results
* E+ output files (above)

e OS application
* DView now packaged w/ OS

AFFILIATED ENGINEERS, INC.

ta, xEsoView - [Ci/Users/LKECK/Documents/AEl/GitHub/SCH-Farest-B-II/EPlus/SCH_Farest_B_Proposed.eso]

te. File View Copy Bookmark Window Help
FEOCSl ke YOWMQ X

C:/\Users/LKECK/Documents/AE| /GitHub/SCH-Forest-B-/EPkus/SCH_Forest_B_Proposed eso
EnerayPlus

Version 8.2.0-7c3bbe4330, YMD=2018.03.15 09:20

Environment
RUN PERIOD 1 v

Variable Information
Total: 1595-01-01 00:00:00 - 1395-12-31 23.00:00
Maximum: 1.11536e+06 Minimum: 115,714
Visible: 1995-01-01 00:00:00 - 1955-12-31 23:00.00
Maximum: 1.115962+06 Minimum: 115,714

1e+06
Average: 346,243

Average: 346,243

Filter.

Plant Supply Side Heating Demand Rate HHW LOOP

-

File

HHYW LOOP Run Period Hourly (Btu/h)

CHW LOOP Run Period Hourly (Btush)

Help

4e+006
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© Plant Load Profile Heat Transfer Rate )

10 DHW - HHW LOAD PROFILE Run Period Hourly (Btu/h)
[0 SPD - HHW LOAD PROFILE Run Period Hourly (Btu/h)
101 MRI CT - CHW LOAD PROFILE Run Period Hourly (Btu/h)
|CJ=] CHW LOOP Run Period Hourly (Btu/h)
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OO CHW LOOP Run Peried Hourly (Btu/h)

OO0 DHW TERTIARY LOOP Run Period Hourly (Btu/h)
W] HHW LOOP Run Peried Hourly (Btu/h)
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Simulation Workflow — Post Processing

Heating Load Bins [MBH]

Model Diagnostics

500

e Custom python based dashboards

* Query tabular and hourly results from E+ output o
file (SQL) and create model diagnostic reports
A - Aﬂiliated Heating Load [MBH] (bin size = 100)
| H
== I Engineers
Heating Loop End-Uses
Plant LOOp D|ag nostics Dashboard Total Heating Demand Rate [W]: 3354325778.87 Heating Load Breakdown [% total]
File: SCH_Forest_B_Proposed.sql AHU Heating Demand Rate [W]: 116131204.233 ¢ 3

Heating Loop: HHW LOOP AHU Heating Demand Rate [% total]: 3.46213253918

Cooling Loop: CHW LOOP Zone Heating Demand Rate [W]: 2671824343.91

Zone Heating Demand Rate [% total]: 79.8292465501 =@
R Load Profile 1 Heating Demand Rate [W]: 167148925.713 “0
Heatlng Loop Load Profile 1 Heating Demand Rate [% total]: 4.08311543875
20
" : " " Load Profile 2 Heating Demand Rate [W]: 367727644.644
Total Cooling Demand [MWh] Max Cooling Demand [Tons] Total Heating Demand [MWh] Max Heating Demand [MBH] Avg Supply Temp [F] Avg Delta T [F] Load Profile 2 Heating Demand Rate [¥ total]: 10.062788619 o

0 0.0 0.0 3354325778 3975.738958 130.0 31.295634
pump Heat [W]: 32292659.5675
Pump Heat [% total]: ©.962716852024

Heating Demand Rate [W]
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Simulation Workflow — Post Processing

Model Diagnostics 1= | Affiated

== I Engineers

* Visualize design inputs, sizing inputs & results,
tabular results and hourly data side-by-side

Plant Loop Diagnostics Dashboard

File: SCH_Forest_B_Proposed.sql
Heating Loop: HHW LOOP

* Calculate key performance metrics to assess
operational efficiency Heating Loop [ .

Total Cooling Demand [MV)

e Report key metrics to inform design and write TR
results to integrate with design workflow tools

* Intelligent sorting and binning of data

* Flexible — query model and grab appropriate
results, automatically adapts to changes in
number of objects & components

1.200e+8 -

1.000e+8 -1

%
i.

8.000e+5

.-'3;0':‘-3!\-

——t— T+
0 1000 2000 3000 4000

6.000e+5
] Heating Load [MBH] (bin size = 100)

Po

4.000e+5

* Interactive — scale, zoom, hover, save image
with a single click i

..aA"-:i

BRI
s £

Heating Loop End-Uses

Total Heating Dem te [W]: 3354325778.87

Heating Load Breakdown [% total]

nd Ra
AHU Heating Demand Rate [W]: 116131284.233 J
AHU Heating D and Rate [% total]: 3.46213253918

.
i

Zone Heating Demand Rate [W]: 2671@24343.91 _
Zone Heating Demand Rate [% total]: 79.6202465581 &
Load Profile 1 Heating Demand Rate [W]: 167149925.713 “0
Load Profile 1 Heating Demand Rate [% total]: 4.98311543875%
20
Load Profile 2 Heating Demand Rate [W]: 367727644.644
Load Profile 2 Heating Demand Rate [% total]: 18.962788619 0
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Plant Modeling
Case Studies



Case Studies

Oregon Health & Sciences University — Center for Health and Healing South (OHSU CHH South)
* Portland, OR
* Two buildings (B28 & B29) with common central plant
* Heat recovery chiller, exhaust air heat recovery

e ETO incentive modeling

Provincial Health Services Authority — Teck Acute Care Centre (TACC)
* Vancouver, BC

* Air source heat pump
e BC Hyrdo incentive modeling

Seattle Children’s Hospital — Building CARE (SCH CARE)
* Seattle, WA
* Thermal storage

* Solar hot water collectors



OHSU - Center for Health & Healing South (CHH South)

Client:
e Oregon Health & Sciences University

Location:
* Portland, OR

BLEREL |qu I"lllllnll m o
CLEEEL U’]M"""lllllm

Size: "1“ i
« 330,000 ft2 (Block 29) |
« 120,000 ft? (Block 28)

Building Program:

e Qutpatient ambulatory surgery center, outpatient
clinical services, medical office (Block 29)

* Conference center, patient family lodging, parking
(Block 28)

Status: . o | | | ZGFArtects
e Under construction



OHSU — Center For Health & Healing South

Modeling Services:
* Design performance analysis
 Utility incentives (ETO)
* LEED certification o
|

NN

Central Plant:

Located in B29, provides HHW and CHW to
B28 & B29, also provides CHW to B25 (CHH
North)
* Condensing gas fired boilers
(4x) 5,600 MBH
* High efficiency water-cooled chillers &
cooling towers
(2x) 1,000 ton centrifugal chillers
* Water-to-water heat recovery chillers

(HRCs) w/ exhaust air heat recovery
coils

(2x) 250 ton
90,000 CFM of exhaust air recovery coils

AFFILIATED ENGINEERS, INC.

BLOCK 28

BLOCK 29




OHSU — Center For Health & Healing South

Modeling approach

Separate whole building models for B28 and B29
Combined plant model with hourly load profiles from B28, B29 and B25

Python script to...
e automatically create HHW and CHW load profiles from whole building models
* calculate and create ‘false cooling’ heat recovery load profile based on design inputs and hourly results
* Runs whole building models, creates load profiles, runs plant model, combine results

_OSM
w g @
B29 — entra
" Plant

EnerayPlus

AFFILIATED ENGINEERS, INC.



OHSU — Center For Health & Healing South

Exhaust Air Heat Recovery w/ HRCs:
» Utilize building exhaust as a heat source (70-75F)
for a super efficient form of heat pump heating
- ~3X more efficient than gas-fired boilers
- Boiler COP=0.9
- HRC Heating COP =3.0-3.5

e Capture heat leaving the building and
transfer/reuse that heat at a higher grade to
HHW loop

e Ability to meet preheat, reheat, and domestic
water heating demands

* Operate when heating dominant:

- HRC meets simultaneous heating/cooling demand
first

- Then engage ‘false cooling’ heat recovery coils to
provide trim heating

AFFILIATED ENGINEERS, INC.



OHSU — Center For Health & Healing South

EnergyPlus Plant Model

| T
CHW loop

chillers/HRC
cooling load profiles

M V0L WATER: LOGP DEPASE MINTR.

- {ommc s |-

cooling towers
CW loop

HRC & boilers
HHW loop

AFFILIATED ENGINEERS, INC.




OHSU — Center For Health & Healing South

EnergyPlus Objects: EMS Control Logic:

 HeatPump:WaterToWater:EquationFit:Cooling only
controls to cooling demand, condenser heat is

* Chiller:Electric:EIR passively dumped to HHW loop regardless of demand

(results in overheating of loop)

 EMS is used to optimize and control HeatPump based

 HeatPump:WaterToWater:EquationFit:Cooling on both CHW and HHW loop demands. Intelligently
dispatch loads to HRC, chillers, and boilers.

* Boiler:HotWater
* CoolingTower:VariableSpeed

* EnergyManagementSystem:Program (and associated
components) At every time step...

* EMS reads HHW and CHW loop demands, calculates
simultaneous load

* Calculates heating and cooling output of HeatPump
based on load and input power at that operating point

* Determines load to be placed on HeatPump based on
limiting factor (heating/cooling output)

* Calculates ‘cooling’ dispatch to HeatPump based on
desired heating/cooling output

e Takes remaining HHW and CHW demands and
dispatches to trim boilers and chillers



OHSU — Center For Health & Healing South

ETO Incentive Modeling Approach:
B28 and B29 as 2 separate ETO projects

Plant savings captured under B29 project New Buildings Program
Gas as ‘primary’ heating source with heat recovery in fpeaasl Technical Guideines

both models.

Baseline plant:
e Boilers
* Water-cooled chillers

* Condenser water heat recovery (sized for 30% of
peak heat rejection load at design conditions)




OHSU — Center For Health & Healing South

Plant Modeling Takeaways Plant Modeling Results

* Python script to integrate whole building models * Energy savings: 49 EUI [kBtu/sf-yr]
with separate plant model

* Annual energy cost savings: $210,000

* Python script to create hourly profile for HRC « ETO measure incentive: $170,000

exhaust air heat recovery

 EnergyPlus EMS program to control operation of * Annual water savings: 1.7M gallons

HRC and optimize based on heating demand and
cooling demand simultaneously



Teck Acute Care Centre

Client:
* Provincial Health Services Authority

Location:
* Vancouver, BC

Size:
e 675,000 ft2

Building Program:
* Acute care inpatient & outpatient services

* Emergency department, med/surg inpatient units,

medical imaging, oncology/hematology, PICU/NICU,
labor & delivery

Status:

* Open & operating as of Fall 2017
* Monitoring & verification of energy target

N2
Affiliated Engineers, Inc.




Teck Acute Care Centre

Modeling Services:

Design performance analysis (energy target)
Utility incentives (BC Hydro)

LEED certification

Central Plant:

* Water-to-water heat recovery chillers w/ exhaust
air heat recovery coils

(4x) 85-ton modules

Air-cooled heat recovery chillers
(1x) 275-ton

e Air-source heat pump
(8x) 30-ton modules

High efficiency air-cooled chillers
(3x) 400-ton

District heating




Teck Acute Care Centre

Thce [ BeCW e [ R Plant Order of Operations:
Plaak Load Concept i .
- i i Cooling
S « Process cooling met by water-water HRC
* First stage of AHU cooling provided by air-cooled
5 * Pawnivem efb. 0iC-tocled cilery : ; ;
T B HRC (simul. heating/cooling)
, * Second stage AHU cooling provided by air-
x//. ER I cooled chillers (trim)
Heating
* First stage provided by water-water HRC and air-
cooled HRC (simul. heating/cooling)
- / * Second stage provided by air-source heat pumps
i Z located in building relief (heat pump heating)
) ?it,?:\fg;iw loadk * Mc-Soucce H\Ps * Third stage provided by district heat (trim)
and pulls heot Grorn AR evlroust * 'Weat Resuvecy , Vu\\s \neak
e Toka) \/\co-\/c.:o\ CoP = -7 Q(oh/\ Ebl‘f'o'-\c\ exhaus ¥
* Neay CoP = %-4
'A'i('(oo\ccl total Rl
* Secves AMW Cao\:.l\j
* Toka\ \Ach)('(toal CoR = 6’:}

AFFILIATED ENGINEERS, INC.



Teck Acute Care Centre

EnergyPlus Plant Model:

e [
CHW loop '

air-cooled HRC

air-cooled chillers CHW load profile

i e e e ot o e e e e | T e oew s v s | on e e s ot s

B wATERL s e PP 25

onser, wareez_sueeue i ez 2 2

e e :A water-water HRC process CHW load profile J

p W i e s e | [pam s en e | [ v e e e |—— i e s T
P L _aTe DS e P iz ares v e e | [ e evans, s peea s

| e e

Heat recovery loop

heat exchanger

Mt e ey s rman | for o s s m | martea pewsren st e | o e o, s s

| —— o s -
heat recovery heat exchanger, boilers .
HHW loop HHW load profile

|——{var st s e v | wres sy e e 0| wares pan e e o et oo s s P AT EeA SIS 31
} e i comen SioE snteL || e o ane 1|

0T MATERS_DEMARD_SIDE FPE4 2 2

| : e >J

[ I e

Air-source HP

AFFILIATED ENGINEERS, INC.




Teck Acute Care Centre

EnergyPlus Objects: WaterHeater:Mixed Object:

* District:Heating Used to approximate air-to-water heat
e Chiller-Electric-EIR pumps located in building relief airstream™

* Set storage tank volume to 1 gallon

 HeatPump:WaterToWater:EquationFit:Cooling (virtually no thermal storage)
e \WaterHeater:Mixed * Use heat pump with air-to-water coil
* WaterHeater:HeatPump:PumpedCondenser * Schedule evaporator nodes of heat pump

* Coil:WaterHeating:AirToWaterHeatPump:Pumped coil to equal relief air conditions

 HeatExchanger:FluidToFluid

_ *native EnergyPlus air-to-water HP is only for Zone
 EnergyManagementSystem:Program (and associated HVAC use, not plant loop

components)



APPENDIX A:

Te C k AC U te Ca re Ce nt re AIR-COOLED HEAT PUMP SUPPLEMENT PERFORMANCE TABLES

COOLED PERFORMANCE TABLE: Single Module ASP20 Entering Condenser Air Temperature

Leaving B85 0F 95 F 105 0F
Chilled | I
Watar [F Tons kw EER Tans kW EER Tons kW EER
40 18.1 | 21.0 10.3 | 167 23 Bé 163 260 75
42 188 21.0 108 174 233 2.0 170 260 19
C H d I M d I M A h . a4 19.6 210 12 18.2 233 N 1.7 26.0 az
BC Hydro Incentive Modeling Approach: R N S 0 I
a6 204 210 148 189 213 9.7 184 A
“ A I fax | w7 B3 | ol 11 4.11 BASELINE MODEL CENTRAL HEAT PUMP TYPE AND SIZING
50 220 210 126 205 233 0.6 19.9

U n iq u e m et h Od O I Ogy to ba Sel i n e p I a nt rega rd i n g | BC Hydro NC Program’s baseline heat pump type is by default an air source heat pump with two variations (if

proposed heating/canoling plant is heat pump based):

o .
fu e I SWItC h I n Leaving oL o 0 * Air to air heat pump for all-air proposed HVAC systems li.e. air source VRF system, PTHPs and CV rooftop
Hot Water
e MBH | kW | COP | MBH | kW | COP | MBH | kw | COF air source heat pumps)
. H H H & 057 | 172 | 18 | 12 | 121 | 22 | 1814 | 121 | 24 . )
® Ba seI Ine heatl ng plant I ncludes a mIX Of 0 1064 198 m 1263 14 9 s | 172 23 = Air to water heat pump for all hydranic propesed HVAC systems.
100 1263 | 223 17 | 1465 | 718 20
H H _ - - 1 ["0s | | Wz | 233 Ik To avaid excessive fuel switching, the same heat pump/boiler sizing strategy used in the propesed design shall be
EIeCtrIC a I r to Water heat pu m ps and gas fl rEd 110 1488 | 9 8 applied to baseline plant sizing. Here is one example how it should be done:
115 1514 | 267 17
boilers (matches fuel source mix of proposed ’ + Concep Proposed Plan Desgn Assumption (71
125
. . [ | | | o Mechanical design engineer proposes heal pump capacily Lo be (for example) 75% of peak building
heatl ng eq u I pment) 135 heating lead. Propesed backup gas bailer capacity is (for example) 90% of peak building heating load.
140

»  Concept Baseline Model [B1]

* Base' ine heat pu m pS Sized a nd ContrOI Ied to o Modeller runs the first baseline loads simulation and gets the peak building heating load
m atc h th e proportion Of ann ual load m et by o Modeller applies the proposed sizing cencept from P1 step, inputs the sizes of baseline heat pump

and boiler in the model and run the baseline energy simulation,

e I eCtri City VS . ga S i n th e p ro posed m Od el . o Modeller use baseline 81 model to run all ECMs [including the different, more efficient heat pump

typel.

Great energy modeling guidelines including " Final Proposad Model/Design 2

. o  Modeller creates the proposed model based on selected bundle of the most cost effective ECMs,
d I d d I H d d 1 which now becomes a final model/design.
eta I e mO e I ng proce u reS a n equ I pment TedkAcute Care Centre o The results of the final model simulation run may sh
. . y show that proposed heat pump and backup gas

pe rforma nce ta bles that a re not Wel | defl ned I n boiler handle now 60% and 40% of annual heating load respectively.

BC Hydro Power Smart *  Final Baseline Model [B2)

New Construction P
refe re n Ce CO d e S/Sta n d a rd S W‘::;Ieol;l:ilz;:g“::es::g?n':rgy Study o To avoid excessive fuel switching modeller adjusts capacities of baseline model heat pump and boiler

iteratively to match annual load proportions of P2 model (60% and 40%]).

o The final bundle of ECMs energy savings entered in BC Hydro's Life Cycle Cost [LCC] analysis

spreadsheet will represent a difference between B2 and P2 models energy consumptions.

Mote that with some proposed heat pump configuration some fuel switching may happen using this procedure,
which is acceptable as long as the final bundle saving resull does not show any gas consumption increase.

Prepared For: BC Hydro, Provincial Health Services Authority

04/06/2015 - SUBMITTAL 1 Prepared By: Heating plant oversizing in B1 and B2 models not to exceed 25% as per ASHRAE 90.1 Appendix G requirement.
08/05/2015 - SUBMITTAL 2 A=I Affiliated
mll Engineers




Teck Acute Care Centre

Plant Modeling Takeaways Plant Modeling Results

 Use of WaterHeater:Mixed object to approximate e Annual energy cost savings: $185,000

air-to-water heat pumps connected to plant loop * BC Hydro measure incentive: $600,000

 For complex equipment control and heat
recovery, consider using a separate plant loop as
intermediate between CHW and HHW loops

* |nnovative approach to fuel switching and
baseline heating plant modeling for BC Hydro



Seattle Children’s Hospital — Building CARE

Client:
* Seattle Children’s Hospital

Location:
* Seattle, WA

Size: "3
* 300,000 ft2

Building Program: |
* Acute care inpatient & outpatient services N T

« Operating rooms/interventional suites, diagnostic 1 ' 1 n . A,j: :
and therapeutic services, inpatient unit, ambulatory ek TN
clinics, infusion, sterile processing, admin/support et —SeASEC W

Status: -~

* In design %
ZGF Architects



Seattle Children’s Hospital — Building CARE

Modeling Services:

Design performance analysis (energy
target)

Code compliance (City of Seattle)
Utility incentives (SCL/PSE)
LEED certification

Central Plant:

* Water-to-water heat recovery chillers
w/ exhaust air heat recovery coils

(1x) 250-ton
* Air-cooled chillers
(5x) 525-ton
* Solar thermal array & HW storage
(95) Evacuated tube collectors
(4x) 1,250 gallon HW storage tanks
* Condensing gas-fired boilers
(5x) 3,400 MBH




Seattle Children’s Hospital — Building CARE

EnergyPlus Plant Model:

water-water HRC

e— : - air-cooled chillers
CHW loop cooling load profiles
5 s v oo sy == } [ are oy e v} [ waren e

| e—— Fme——— v e ) HW storage tank

HHW loop water-water HRC
boilers heating load profiles
. Cr— e e e} e
[ — e — e S e T S T }—— }— b | [ ]
Solar HW loop HW storage tanks solar HW collectors

AFFILIATED ENGINEERS, INC.




Seattle Children’s Hospital — Building CARE

EnergyPlus Objects: WaterHeater:Mixed and Thermal Storage:
e Chiller:Electric:EIR » Storage tank ‘use’ size typically autosizes
reasonably, but ‘source’ side is bad for autosizing
 Boiler:HotWater because there is no demand (hard sizing is best
. : : h
 HeatPump:WaterToWater:EquationFit:Cooling er?) N _ _
* AvailabilityManager:DifferentialThermostat can be
 WaterHeater:Mixed used to schedule equipment ON/OFF based on

t ture diff bet 2 nod
* SolarCollector:FlatPlate:Water emperature difierence between 2 nodes
* PlantEquipmentOperation:ComponentSetpoint can

 EnergyManagementSystem:Program (and be used to sequence plant equipment based on
associated components) outlet temperatures for individual equipment

~ Stovage Tanks



B Heating Demand

. Cooling Demand

B Heating Demand (Trim)

|:| Simultaneous Demand
u Cooling Demand (Trim)

|:| Simultaneous Demand




B Boilers

- HRC: Simultaneous Heat/Cool
- Air-Cooled Chillers

- Boilers

- HRC: ‘False Cooling” Heat Recovery
- Solar Water Heating

1 HRC: Simultaneous Heat/Cool

B Air-Cooled Chillers




Seattle Children’s Hospital — Building CARE

Plant Modeling Takeaways Plant Modeling Results
e WaterHeater:Mixed and Boilers & Chillers
SolarCollector:FlatPlate:Water used to simulate e 43 EUI [kBtu/sf-yr]
evacuated tube solar HW panE|5 with HW thermal Condensing gas boilers & premium efficiency air-cooled chillers

storage Boilers, Chillers, HRC (simul. only)

* Good practice to hard-size EnergyPlus ‘source’ e 33 EUI [kBtu/sf-yr]

side components * 23% savings

* Explore different combinations of availability
managers, operation schemes, and EMS controls
to achieve desired operation

Boilers, Chillers, HRC (simul. + false cooling), solar HW
* 11 EUI [kBtu/sf-yr]
* 74% savings
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QUESTIONS?

Lyle Keck, PE, LEED AP BD+C
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