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Co-Simulation for Building Controls >z

Proudly Operated by Baftelle Since 1965

. - Pacific Northwest
Development and Validation

VOLTTRON™ EnergyPlus™Agent

Federates message exchange between
VOLTTRON™ applications and EnergyPlus™

Enables “hardware in the loop” testing of VUL TTH””
algorithms before deploying to buildings
Rapid prototype of algorithms Devices | Data | Decisions
Validate
Build confidence

Test range of operating conditions

EnergyPlus™

Whole building energy simulation program
Residential to large commercial

Energy systems can be controlled through
BCVTB interface EnergyPlus

August 11, 2016 2



VOLTTRON™ &«—- EnergyPlus™

Communication Flow
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Multiple Input Interfaces for

Application Elexibility

PubSub Interface

Useful for quick and dirty
development and testing

When you need additional
abstraction between “building”
and application

NOT the same as the old
Actuator pubsub method

Actuator (RPC) Interface

Looks and behaves like an
actuator

No schedule checking

Proudly Operated by Baftelle Since 1965

def subscribe(self):
for key, obj in self.input().iteritems():

if obj.has_key(' topic'}:
callback = self onMatchToplc
topic = obj.get( fopic')
keyCaps = ' ?=t:" +key[ﬂ] upper()+key[1:]
if obj.has_key('callback'):
callbackstr = obj.get('callback')

if (hasattr(self, callbackstr) and

o
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callable(getattr(self, callbackstr, Mone))):

callback = getattr(self, callbackstr)
elif (hasattr(self, keyCaps) and

callable(getattr(self, keyCaps, Mone))):

callback = getattr(self, keyCaps)
log.info( 'subscribed to ' + topic)
self.vip.pubsub.subscribe(peer='pubsub

@RPC. export
def request_new schedule(self, requester id, task id, priority,

@RPC. export
def request cancel schedule(self, requester id, task id):[]

@RPC. export

def get point(self, topic, **kwargs):[]

@RPC. export
def set point(self, requester id, topic, value, **kwargs):[]

@RPC. export
def revert_point(self, requester id, topic, **kwargs):[]

@RPC. export
def revert device(self, requester id, device name, **kwargs): []

, prefix=topic, callback=callback)

requests):[]
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Mimics Building Automation System 7
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PubSub Interface
Configurable output format
Point by point, grouped into topics

"outputs" : {
"myVarl" : {
s o . . —
"topic" : "pnnl/building/device/weatherstation”,
"field" : "outdoorDryBulbTemperature",
"meta" : {"units": "C", "tz": "UTC", "type": "float"} {
%: . 'outdoorDryBulbTemperature': 32.0,
myVar2" : { 'surfaceIncidentRadiation': 789,
"topic" : "pnnl/building/device/weatherstation”, - 1*
:flEIHHI: :SUrfaf?lﬂcfdeTtqulfthT"'" . ) 'outdoorDryBulbTemperature': {"units": "C", "tz": "UTC", "type": "float"},
} meta” : {"units": "W", "tz": "UTC", "type": "float"} 'surfaceIncidentRadiation': {"units": "w", "tz": "UTC", "type": "float"}
"myVar3" : { 1 !

'I"i:l:l:lpic" v pnnl.-’buildingjdevice,-‘uaWz&ne‘temperatu re" 0 6 ) 22.0 *units": "C" "tz "UTC" "tvpe": "float"
*meta" : {uunitsu: ||C||J‘ "z "UTC", "t'_'(Fl'E": Ilflﬂat"} [ ol { o ol Yp }]
1

I
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Communication with EnergyPlus™ uses 7
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WindowProperty:ShadingControl,

"properties® : { . INCIDENT SOLAR ON BLIND, '- Name
identity" : "platform.actuator"”, : : : :
"model"” : "eplus/17oneUncontrolled.idf" e e el e : : .
. P : : . WIN-CON-SINGLEPANE WITH INTERIOR BLIND, !- Construction with Shading
weather" : "eplus/USA CO Golden-NREL.724666 TMY3.epw", OnIfScheduleAll I- Shading Comtrol T
"bcvtb _home" : "bcwib” e .- onacing Lontrot fype
} = WindowShadeSch, <& e
"in uts® : { ' - Setpoint {wW/m2} W or deg C}
p"shadéSchedule" ¥ YES, - Shading Control Is Scheduled
"name” - "wiﬁduwshadeSch" NOD, '- Glare Control fs Active
"tvpe" - "schedule" ' 5 !- Shading Device|Material Name
"tgpic"l' "puildin ;windowshade FixedSlatangle, I- Type of Slat Apgle Control for Blinds
"figld" : "schedulg" 3 - Slat Angle Schpdule Name
. A1 &£
"extLightSchedule” : { Exéegtqrhtlghts, N
"name" : "ExtLightSch" xEgnts, e
. . i ExtLightSch, <€ beirebrerierny Nafie
type" : "schedule”, 5250 I- Desian L m
"topic" : "building/exteriorD L - Design Levql {Jf}
"field" : "schedule" AstronomicalClock, - Control Optfion
s 3 "EHn=TSE Grounds Lights; '- End-Use Subjcatpgor
} g gory
%autputs" : ExternalInterface,
"outdoorDryBulb" : { AL
"name" : "ENVIRONMENT", .
"type" : "Site Outdoor ALrSwybulb Temperature", SAE DL A T L
LadrE e e AR . WindowShadeSch, <€
topic" : "building/weatherstaths on/OFf
"field" : "outdoorDryBulbTemperatur 1.0 !
"meta” : {"units": "C", "tz": "UTC", "typey "float"} o
"incidentRadiation" : { Exéi;:ilﬁzgigfiéf:SChEdUIE’
"name" : "Zn@Al:Walleel:winpel", Dni&fg !
"type" : "Surface Outside Face Inci olar Radiation Ra 1.0 !
"topic" : "building/weatherstation”, o
"field" : "surfaceIncidentRadiation", . :
"meta" : {"units": "", "tz": "UTC", "type": "float" Dufput.Varlable,
}.

*horizontalRadiation® : { Site Outdoor Air Drybulb Temperature,timestep;

"name"” : "ENVIRONMENT",
"type" : "Site Diffuse Solar Ra

Output:Variable,

ate per Area", ZnBe1:Walleel:wWineel,

"topic" : "building/weatherstation", . . oL .
"field" : "totalHorizontalRadiation", Surface Outside Face Incident Solar Radiation Rate per Area,timestep;
"I'I'IE'tEI" : '["Unj_tS" : llcllr Iltzll: "L'T["J, "t'_lf'pE": llfloatll} DUtpu-tl"‘rarlable

) o !

} r

} Site Diffuse Solar Radiation Rate per Area,timestep;


https://energyplus.net/sites/all/modules/custom/nrel_custom/pdfs/pdfs_v8.5.0/ExternalInterfaces_Application_Guide.pdf

interaction EnergyPlus Simulation )

VOLTTRON YourApplication EnergyPlusAgent EnergyPlus

b1 init_ .
. 2 : loadConfig
3: retun
P4 init__ ' o O ;
; E I—,L_\S: loadConfig :
: : 6 : return :
i 7:onStart 2t ] !
| I 8 : subscribe , :
! 9:onStart : _
| | : 10 = sibscibe 11 : writeBCVTBConfig '
: : 12 : writeSocketConfig '
i : J ., |13: startSocketServer :
: : L 14 : startSimulation ;
‘ . 15 : runEnergyPlus _ !
i 5 "
: : : 16 : initialize
17 : writeBCVTBMessage
: ; |18 parseBCVTBMessage :
19 : publish |
Jabp fof aach fenediop ) —l 20 : yourApplicationLogic :
[until simulation ends) alt J
[allTopeisUpdated == True] |
: | > 22 : writeBCVTBMessage . !
E 21 : rpec.call |
e I [ 23 : stepForward
: [else] : 24 : wait
i - 25 : wiiteBCVTBMessage
i 26 : parseBCVTBMessage E
: LJ\ 27 : publish :




BSD Socket Communication ~7
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Agent creates socket server to exchange data with EnergyPlus™

EnergyPlusAgent EnergyPlus

T]

10 * subscribe 11 : writeBCVTBEConfig

12 : writeSocketConfig
13 : startSocketServer

14 : startSimulation

: Ij 16 : initialize
]<_ 17 writeBCVTBMessage i I
18 : parseBCVTBEMessage .

15: runEnergyF‘Ius

L

19 : publish



interaction EnergyPlus Simulation )

VOLTTRON

YourApplication EnergyPlusAgent

EnergyPlus

D1 init .
. 2 : loadConfig
3: retun
P4 init__ ‘ o i ,
; E I—| |5 loadconfig :
: : 6 : return :
i 7:onStart 2t ] !
| I 8 : subscribe ; :
! 9:onStart : _
| | E 10 : subscribe 11 : writeBCVTBConfig E
E : 12 : writeSocketConfig :
i : J ., |13: startSocketServer :
: ' L 14 : startSimulation ;
‘ . 15 : runEnergyPlus _ !
i 5 "
; E 17 : writeBCVTBMessage
; ; |18 : parseBCVTBMessage :
19 : publish
i At . ) 20 : yourApplicationLogic '
[until simulation ends] alt J
[allTopcisUpdated == True] |
: i - 22 : writeBCVTBMessage . !
E 21 : rpec.call |
E [else] : 24 : wait
: i 25 : wiiteBCVTBMessage
i 26 : parseBCVTBMessage E
5 I I 27 : publish ;

16 : initialize

23 : stepForward
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Agent Synchronizes Inputs to EnergyPlus™ 0 i

Regardless of input method, agent waits until all required inputs are
updated before sending message to EnergyPlus™

YourApplication EnergyPlusAgent EnergyPlus

20 : yourApplicationLogic

alt

jallTopcisUpdated == True] | :
- 22 : writeBCVTBMessage :

.| -
21 : rpc.call
v - I 23 : stepForward
_____________________________ -
[EISE] _L 24 - wait

M

25 : writeBCVTEMessage
26 : parseBCVTEMessage ‘
l‘rl 27 : publish
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Multi-Agent Transactive Market Structure

External Market
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Multi-Agent Transactive Market Demo
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Valt

n [Running]

= Q > | s [Figure 1] || Figure 1 \/\ Figure 1 |e PyDev - vtrxhvac/pnnlfinterf... % )( o) @ 0725

Figure 1 =TT

File Edit Source Refactoring Mavigate Search Project Pydev Run Window Help A o o + ’ E} vt
- = ] & = v Q v Q - = Eow TR 5 v v 23.0 :

— CLGTEMPSETPOINT ZONE-VAV-102

— CLGTEMPSETPOINT ZONE-VAV-118

— CLGTEMPSETPOINT ZONE-VAV-119
CLGTEMPSETROINT ZONE-VAV-120

— CLGTEMPSETPOINT ZONE-VAV-123A
CLGTEMPSETPOINT ZONE-VAV-1238

— CLGTEMPSETPOINT ZONE-VAV-127A

— CLGTEMPSETPOINT ZONE-VAV-1278

— CLGTEMPSETPOINT ZONE-VAV-129

— CLGTEMPSETPOINT ZONE-VAV-131
CLGTEMPSETPOINT ZONE-VAV-133

— CLGTEMPSETPOINT ZONE-VAV-136
CLGTEMPSETPOINT ZONE-VAV-142

— CLGTEMPSETPOINT ZONE-VAV-143

— CLGTEMPSETPOINT ZONE-VAV-150

— CLGTEMPSETPOINT ZONE-VAV-CORRIDOR

— CLGTEMPSETPOINT ZONE-VAV-RESTROOM

[5 PyDev Package Explorer &3 =il |7} agent (rtu) [£] agent (thermostat) [#} firstorderzone [F) ag o

def handleCoolingSetPoint(self, outputObj):

- 114 if not outputObj.has key( topic'):
P i settings 115 returnp J == 22,0

P (= config

device = nutnutnhi_neti ' : ]

21.5

OO + - @

fue') 21.0

— air quantity
—— electnicity quantity | [TnterfaceAgent .DATE §

sconds=self.reservatic
aterfaceAgent .DATE FOF 20.5

80000
E - 200
60000 ;agenuenergyplus!agent_ll 19.5
t.pubsub.agent INFO: §
t.pubsub.agent INFO: §
t.pubsub.agent INFO: § 0 20 40 60 80 100
E.pubsub.agent INFO: S

in

E.pubsub.agent INFO: §._ E
40000 1 E.pubsub.agent INFO: Ez(_2_59:81?'___y_?2_646 e
t.pubsub.agent INFO: Sending: SEB/ZONE-VAV-1278 Zone Mean Air Temperature 20.2383178866
t.pu agent INFO: Sending: SEB/ZONE-VAV-RESTROOM Zone Mean Air Temperature 25.78732089635
agent INFO: Sending: 1 Node Temperature 12.9979639333
.agent INFO: Sending: Zone Mean Air Temperature 28.5343077642

t.pubsub.agent INFO: Sending: ture 12.9979639333
20000 'l £.pubsub,.agent INFO: Sending:
E.pubsub.agent INFO: Sending: 123A VAV BOX OUTLET NODE System Node Temperature 12.9979639333
| £.pubsub.agent INFO: Sending: 29 VAV BOX OUTLET NODE System Node Temperature 12,9979639333
[ . E.pubsub.agent INFO: Sending: /AHU-881 Supply Equipment Outlet Node System Node Mass Flow Rate 5.231B425747
at s E.pubsub.agent INFO: Sending: ACOperationSchd Schedule Value 1.8
0 t.pubsub.agent INFO: Sending: SEB/AHU-801 Supply Equipment Outlet Node System Node Temperature 12.9979639333
0 20 40 60 80 100 L
X=69.763  y=6540,52 Writable Insert 142:25 12

B ™ 0SS Left R+ Left X + Left A
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