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Overview

Project Title: Converter-Interfaced CHP Plant for Improved Grid-Integration,
Flexibility and Resiliency

Timeline: Project Budget and Costs:
. Budget )
Budget Period End Date: 12/31/2020 Share Share Share %

Project End Date: 5/31/2021 Overall Budget $1,499,533 $374,883 $1,874,416  20%

N A ) $916,338  $229,084  $1,145422  20%

Barriers and Challenges: $683,174 $145799  §$728973  20%
» Economic viability of converter-interface CHP oS CECRIETRATPII7A I $1,485,828 $373,957 $1,869,785  20%
» Comprehensive modeling of reciprocating

engines controls
« Complexity of integrating controls of engines,

converter and plant controller Project Team and Roles:

« Integration of evolving grid code * GE Research: project management, economic
requirements, energy markets dynamics and and technical feasibility analysis, development of
other economic factors the control platform, validation tests

 GE Renewable: cost share, steering committee,
technical support with converter controls
AMO MYPP Connection: « National Grid: advisory, support on user cases

* Combined Heat and Power (CHP) applications and grid code requirements
systems




Project Objective

e Streamline the grid interconnection process of small-to medium sized
CHP systems (1-20 MWe) while providing a higher ROI for CHP plants.

e Grid code requirements are increasingly more stringent for DER

e Limited flexibility of current CHP systems discourages their participation in ancillary
services markets which limits their potential revenue streams

» Potential impacts of current CHP solutions limit the grid hosting capacity

e Specific objective: Develop a grid-interface converter controls and
microgrid controller algorithms for a seamless interconnection of small
to medium sized CHP plants to the distribution grid

e Technical Approach: Confirm both the technical and economic benefits with
multiple user cases, Develop and size the interface converter; Develop, test and
validate the control integration (engine, generator, converter and microgrid
controller), Validate compliance with IEEE 1547-2018 and IEEE 2030.7, Build a power
testbed for performance validation

e Targets: ROI > 10%, meet IEEE 1547 requirements
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Technical Innovation
Utility Utility Microgrid

e { Plant controls | J ----- controller
[2Y71 o I : E i POIC}--- i NEW i i i i
5 53 S oy 1o o gy
Heat P G Heat |  _ ¢ ! NEW ! i G)
loads ! loads 1 ( 1 i : " )
! Critical loads with i ] i i ! Critical loads with
) _____ Standby Emergency : 1 I ! - Standby Emergency
c Generator - ] N s -t Generator
| — Controllable ~ Shed-able = ] ::9 i Controllable ~ Shed-able
2 loads loads > i ‘ | loads loads
@) " (e) Existing technology (G) Proposed technology
CHP engine CHP engine
e Limitations with current practice: ¢ Proposed technical approach:

e lengthy interconnection process with e interconnect CHP systems using a grid-ready inverter
comprehensive system studies to demonstrate which already incorporates the key grid functions.
compliance with utility requirements e Use microgrid controller for operation flexibility

e high fault contribution that limits hosting e (ritical innovations

capacity of the feeder . )
pacity ) ) e reduce required size of the generator by 25%
e generator oversized for harmonics and

. e significantly limit the short-circuit fault contribution of
reactive power

. ) CHP eliminating a key barrier to higher penetration
e limited reactive power support i ,
L . Lo e decouple the CHP frequency from the grid dynamics
e high interconnection costs limiting ROI and

. . . i e streamline the interconnection process of CHP in the
discouraging projects to go to commissioning

distribution grid with the grid-ready inverter
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Results and Accomplishments

e ROI evaluation and sensitivity analysis:

College/Univ. CAISO 4.4 MW Combustion
Water Reclamation ERCOT 5.2 MW Combustion
= la Assemble input file, prepare
E;} results file based on template Hospital NYISO 2.2 MW Reciprocating
__DataPreparation Commercial Building PIM 1.48 MW Reciprocating
SESmPAI Db ‘I Hotel MISO 2.6 MW Reciprocating
i h Time series simulation
g 'G. : ROI o })—0 * Hourly data for CHP output
1 CHPsize Load profile ! evaluation X+ Hourlydatafor CHP 100 = % =
' Q I [\ ' of CHP &——=  exportable power H 'I i £
I . I * Annual revenue for CHP ... 90 H i - -
| Financial paramete: pr : system o i Ene gy p”ceéper ISOE
| - i :
- Gen d;ta ' ﬂ/ 70 H é
' Locati I Median: 35.0929
: ocation E‘ : ’l ROI calculation - 60 - B Modian: 3043 J Median: 30.85
= 6 : . N g Group: MISO Median: 26.78 Graup: PJM Madian: 24.68
! Input/Results ! S 50 s o " Group: NY -
.. file template 4 & Num Point: 8750 :xmﬁ"ﬁ;' I :Iar:::‘nr‘“fzégaiﬁ Group: TX
- . = e e s = 40 x:: ::;:‘BB:A‘I;?';GB i hem Puir;L—; "A.‘,FG Minimu m..E.EIZ. i xum ?:.i.nts B?i.in ) Maz.(imurr! 2062 83
Num Finite Ouiers: 321 | Num Points-8780 ~ Num Fini ta Outiiers: 472 Minimum: 4.24
. . . - | | . Num Nal’s ar Infs: 0 :ug ;;‘xg?:‘;ﬁ?;m - Hum Nah's or Infs; 0 m:: :\?‘Iir::sot:ﬁfm:ﬁm
Automatic toolkit for ROl evaluation sor ’ : - L s
20 T
Economic feasibility analysis 10 . i
. . . 0 : ! !
* 25 user cases (5 applications in 5 ISO) enme mie M P ™
. . . . .. .
975 scenarios HlCllelIlg S1Z1Ing scenario Critical Varying Critical Varying
( average thermal’ average EICCtI'lC, peak Parameters Scenario Parameters Scenario
Energy price Up 50%; Dn 50% Generator cost Up 25%; Dn 25%

electric), and sensitivity analysis
* In each case converter-interfaced CHP ROl is

Voltage support Up 50%: Dn 50% Converter to | ;) 5504 Py 25%
price engine size ratio
Converter cost 4 cent/W; 8 cent/W Interconnection 6 months; 18
delay months

compared with directly-coupled

(Converter-Interfaced CHP Plant for Improved Grid-Integration, Flexibility and

Resiliency)




Results and Accomplishments

e ROI of converter-interfaced CHP

Application CAISO MISO NYISO PJM ERCOT
Hosital 3.98% 351% 0.82% 1.25% 2.69%
ospria (18.73%) | (13.64%) | (10.26%) (9.56%) (10.08%)
9.15% 5.73% 1.94% -0.62% 3.89%
Largeoffice | 5" o0 | (1287%) | (11.12%) (9.62%) (10.08%)
3.48% 2.51% -4.78% -9.68% 0.70%
Water Rec, (12.95%) | (1121°%) | (10.52%) (9.68%) (10.60%)
College/Univ 3.06% 1.30% -5.39% -8.47% -1.15%
g | (1478%) | (15.62%) | (13.67%) (11.39%) | (14.27%)
Hotel 4.67% 5.06% 1.12% 0.85% 2.23%
ow (1833%) | (15.63%) | (13.61%) (13.49%) | (14.33%)

ROI of directly-coupled in bracket

Converter cost at 8¢/W -36.00% -2.61% 0.41%
Converter cost at 4¢/W 8.00% 2.68% -0.27%
Converter to engine size ratio up 25% -36.00% -3.10% 1.92%
Converter to engine size ratio dn 25% 8.00% 1.65% 0.08%
Intercnntn delay as 18 months 8.00% 2.34% 0.89%
Intercnntn delay as 6 months -30.00% -2.22% -0.78%
Generator cost up 25% 0.00% 0.23% -0.03%
Generator cost down 25% 0.00% -0.23% 0.02%
Voltage support price up 50% 0.00%| 0.17% 0.11%)
Voltage support price dn 50% 0.00% 0.17% -0.08%

hospital

office

walerC

college
130
120
hotel
=1 10
CAISO MISO NY PJM ™
Summary results

* Converter-interfaced CHP can be more
profitable than directly-coupled in a variety
of user cases

 The profitability is more sensitive to energy
price, converter cost and delay in operation

» Hospital and hotel are more favorable as
well as CAISO, MISO and NYISO
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Results and Accomplishments

e HIL simulations:

—_— Microgrid controller (C90+)

System Max Min Voltage Up Dwn
components Pow Pow [kV] Ramp Ramp
[(MwW]  [MW] [MW/s] [MW/s]
CHP engine 1.06 0.15 0.48 0.070 0.070
Interface
Converter 1.25 0.15 0.48 25 25
Grid model n/a n/a 0.48 n/a n/a
Mal?Plzrce)aker n/a n/a 0.48 n/a n/a
5'?2:'3;';'3 1.6 0.8 0.48 01 01
Sheddable
load #2 0.8 0.4 0.48 0.1 0.1
C°“f;g":|ab'e 0.4 0 0.48 01 01
Critical load 0.3 0.2 0.48 0.1 0.1

A
A\

e d]

= i | .
== I
®
LT E—
"‘E f' NORTIE

: | Controllable Load |

i m‘;_‘?" B C ‘|Converter-|nten‘aced CHP

Test cases for the validation of the control platform
 Planned disconnection from the grid in normal operation
 Synchronization and reconnection to the grid

Voltage and Frequency ride-through following faults
Active power dispatch

Power factor correction at PCC
Internal and external faults

25 test cases successfully
passed!
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Results and Accomplishments

e PHIL testbed for performance validation
Ly Performance Objective  Metric Data Requirements Success Criteria
Rectifier  Grid-side Inverter
---------------------- . C1. Disconnection disconnection measurements of V, |, P at IEEE 1547
E SRk times the POC and breaker compatible
E opening timeline
AC : C2. Reconnection POC breaker measurements of V, |, and P No trip after
"""""""" | Controller I(_:-- Ir'r?:grs status at the POC and breaker reconnection
___________________ . E closing timeline

i E C3. Power Quality Voltage, frequency, measurementsof V, f, THD, |EEE 1547 and IEEE
! ! harmonics and and power factor at the POC  2030.7 and 2030.8
! i power factor compatible

P ! values

LA i E C4. Dispatch generation outputs Loads meters P and H IEEE 2030.7 and

E : i i following heat and demand, measurementof P 2030.8 compatible

' ' i i< """ 'a Eg‘ﬁi;t power commands at POC and Heat from engine

i i ! commands emulator

oy 1

Rectifier 1 Controls cabinet Back-to-back inverters

1
1 -
1

700kVA power -
ca pablllty Modbus Workstat.ion-_ -

Inverter #2

(Converter-Interfaced CHP Plant for Improed Grid-Integration, FIexibiIit and
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Results and Accomplishments

e Test results: Planned disconnection

Test case: Ramp down the power to 0, before opening the AC breaker (inverter). Monitor the transients at

the engine emulator. Operation at ~250kW with pf=1

Efield
" ] \ J,"V \\‘ // _\\ /’"\\ N /ﬂ\E/),(-QE%[E-Q;" F(lg/ex _——
\ N/ o -
0.8 | | LY / - | 1 1 | L
0 2 4 8 8 10 12 14 16 18 20
Idreffed
0.4F T T T T T =
02f Id feedback current 1
0 | | | | 1 | 1
0 2 4 6 8 10 12 14 16 18 20
1 Subsystem #1|GTLs|Vars|invi_Brk
I 1 T T T T
0.5F Inverter switching status 1
0 L | | 1 1 1
0 2 4 6 8 10 12 14 16 18 20
Subsystem #1|CTLs|Vars|LumpP
200 L U T T T T T |
100k Power cmd ]
U Il | 1 L 1
0 2 4 6 8 10 12 14 16 18 20
Subsystem #1|CTLs|Vars|P_meas
I I I I T I
2001 b
100 P inverter 4
0 1 1 l 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
50 Subsystem #1|CTLs|Vars|Q_meas
I | | | 1 I
Q inverter ‘
0 L | I 1 1 1 L L
0 2 4 6 B8 10 12 14 16 18 20
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Subsystem #1|CTLs|Vars|V_mag
| T T

T T T T
3901 i 4
389 AC voltage magnitude -
sg—— [ 11 — [, | I L 1 — — -
0 2 4 6 8 10 12 14 16 18 20
0 Subsystem #1|Substep|EngineEm|BR1|VCAP1
- T T T T T T T T
0.7 — -
. i . . DC hrlrk vo!tage .
0'60 2 4 6 8 10 12 14 16 18 20
Subsystem #1|Substep|EngineEm|CTLs|Vars|IBat
j==-———————1 T T T T T
0.3 .
0.2t DC link current .
L= | ! T T T I T
0 2 4 6 8 10 12 14 16 18 20
400 Subsystem #1|S ubstep|EngineEm|Machines|SG|W
I T T T I T. T I
B s Engine frequenc |
300 7N - gine freq y
380 | of T N i e T — ]
0 2 4 6 8 10 12 14 16 18 20
a5 Subsystem #1|Substep|EngineEm|Node Voltages|S1) VN1
. | 1 1 I 1 1 |
0 Generator L-N voltage
Y[] 5 1 1 1 ] | 1 1 | ]
"0 2 4 6 8 10 12 14 16 18 20

Subsystem #1|Substep|EngineEm|Node Voltages|S1) VN2
T T T T T

0.5 T T
05 1 1 1 L 1 1 1 L L
0

2 4 6 8 10 12 14 16

No overstress of the converter or the engine

18 20



Results and Accomplishments

e Test results: Emergency disconnection

Test case: Trip the AC breaker (inverter) for emergency shutdown at ~250kW with pf = 1. Monitor the

transients at the engine emulator.

Efield

Subsystem #1|CTLs|Vars|V_mag
T

T T T— T T T T 388
- / /,) N, ) B . T T T T T T .
4k AN AN NS itervoltage _— 4 AC voltage magnitude
\ / N4 AVARS A —Excervallage e . o g g
0.8 LN 1 1 I 1 | 1 1 L1 | i i 1 1 | |
0 ¢ 4 6 8 1 12 H 16 18 0 ¥ 2 4 6 8 10 12 14 16 18 20
Idreffed Subsystem #1|Substep|EngineEm|BR1|VCAP1
0.4F !' T T T T T T 9 0.8 T T T T T T T
0.2r ‘ ! . fd feedtlaack current T 07 [ DClinkvoltage ]
0
0 2 4 6 8 10 12 4 16 18 20 0%, 2I ; l‘l; 8 ‘IIIJ 1l2 1l4 1IE 18 20
; : : _ Subsystem #1|CTLs|Vars|invi_Brk : Subsystem #1[Substep|EngincEm|CTLs [Vars|IBat
1 T T T T T T T
o — i 03f : 9
4k Inverter switching status {1 92 DC link current ]
-2 | L 1 L | L L ok S BB TR ————————..
0 2 4 6 8 10 12 4 16 18 2 0 2 4 6 8 10 12 14 16 18 20
251 : : : Suhsvstem " IC:I'I-SIVarBIII-umDP : . 400 | | s.Jbs,lrstem #1|Substep|Elr|gineEm|IMachines|ISG|W .
250 Power cmd 300 /f SN Engine frequency 4
249 L 1 1 1 L 1 L 380 i i T . D = B
0 2 4 6 8 10 12 14 16 18 20 0 S ] . 5 0 P " " " 2
: : __Subsystem #1|CTLs|Vars|P_meas : 05 Subsystem #1|Substep|EngineEm|Node Voltages|S1) VN1
200 * - . T T T T T T T
100 Pinverter 1 0 Generator L-N voltage
I L 1 L 1 L 1
% 2 4 6 8 10 12 14 16 18 20 05 é y é . 1'0 1’2 1'4 1'5 m
10 , : __ Subsystem #1|CTLs|Vars|Q_meas : o | Subsystem #1|Substep|EngineEmNode Voltages|S1) VN2
208 O inverter 1 0
0 ! ! ! ! ! 1 L L L 1 1 1
0 2 4 6 8 10 12 14 16 18 20 05 . ; L A - > o = -

No overstress of the converter or the engine
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Results and Accomplishments

e Test results: Reconnection and ramp rate

Test case: Reconnect the system to the grid and test different ramp rates. Monitor the transients at the
engine emulator. Operation with ramp rate of 1000kW/min

Efield Subsystem #1|CTLs|Vars|V_mag
1.1F T T Y e e e e e 390F T T T T T T T T
- .
108 o Exciter voltage i ‘ o AC vofmge mmagmtude 1
1 3 \ HaYarkd I I L I I I 4 | 1]»' . “nl-“?Lh bL—"’HL."Hf 'L,qu_'rl'u"rﬂ_f_\" qu"}-"”l_.biJ L'ﬂH"IJLlJ‘ J-LJ—fL_—"n"""q‘J"
0 10 20 30 40 50 60 ] 80 90 0 10 20 30 40 50 60 70 80 90
Idreffed Subsystem #1|Substep|EngineEm|BR1|VCAP1
0.4F T T T T T T T T 9 0.72F T T T T T T T T
02| o 1 o7 N :
o T | . Idfeedback current | | a8l , DC link voltage ! , ! ! |
0 10 20 30 40 50 60 70 &0 9 0 10 20 0 40 50 60 70 80 90
3 Subsystem #1|CTLs|Vars|invi_Brk Subsystem #1|Substep|EngineEm|CTLs|Vars|IBat
T ] ] T T T T T T
2r Inverter switching status 1 93r . ’
i g o4r DC link current
0 1 L 1 1 1 I L | 0 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 a0
Subsystem #1|CTLs|Vars|LumpP Subsystem #1 |Substep|E|19|neErn|l||lacI1|nes|SG |W
s00F T T T T T T T ] 377F V\,\ T '\J.\.r./\z! S EESSSS =
\ AWV
100F Power cmd 4 a8 iy Vin M“ Engme frequency
0 ] 1 ! 1 | I ] I I WATAY AYATY ," I I L I I
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 20
Subsystem #1|CTLs|Vars|P_meas Subsystem #1|Substep|EngineEm|Node Voltages|S1) VN1
200F T , o T T T T T ] 04E T T T T T T
. o~ P inverter | 02 G tor L-N volti
100 e o enerator voltage
| o | 1 | I 1 1 02
D0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80
50 : : SUDSYSW'“ |#1 |CTL5|V7"'3| Q_m sas : : Subsystem #1|Substep|EngineEm|Node Voltages|S1) VN2
. 0.2
H Q inverter 0
0.2
0 1 1 L - L il - | - 04 1 | 1 | 1 1 L
0 10 20 30 40 50 60 70 &0 90 0 10 20 20 40 50 60 70 80

Engine can ramp up at IMW/min without limitation from the converter
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Results and Accomplishments

e Test results: Power factor control

Test case: Control the power factor at inverter output. Monitor the voltage, P, Q and harmonics at the at

the engine emulator. Operation at 250kW at pf = 0.9

Efield

citer yoltage

1.086 \j L\ A -’nx«rr\"“’v{V\J"Vv\”“\,[ \k ,J\u,fl”\_,’\ U-\/\_/I I.e*- A v\ ./ AAA ;\ E vy \ W/ «\pn\

1
40
Idreffed

I
20

4] 10 30 50 SIJ ?0 80

: Id feed{mck current

a0

0.4 Lk UEE wdid L

0 10 20 30 40 50 60 i) a0
2 Subsystem #1|CTLs|Vars|invi_Brk
T T T T T T
1 Inverter switching status
D 1 1 1 1 1 1
4] 10 20 30 40 50 60 70 &0 an
251 Subsystem # |CTLs |\a‘ars|LumpP
" T § T \ ~ A} .“
=\ [\ M'{\‘”\/ TAVAVRTATAVATEYAYA M\ M
249/ ¥l ;"‘/ \"\ u . . \f| J"\qurdq }\ VARV
0 10 40 90
Subsystam #1 |CTLs|Vars|P meas
2265

225

I“Lrn JILIJLLLJ J‘L| Y LnJ\IP -LJJ thHJr—r‘th-l ”,L‘r} r-rJ'[Fg w V]érfléﬁhr‘hllde““ _ﬂljbqﬂl [fk1

Q 10 2(] 30 40 50 7

Subsystem #1 |CTLs|Vars|Q rnaas
111

105l JHFJL”'IFI'L[”'J[ JSLVLY I nﬂj’ lr g “P’LFL\P‘JLLJL"U’ ]

inverier
110 o !T

N mfwv

90

0 10 20 30 40 50 60 70 80

90

Suhsystem #1|CTLs |Vars|V mag

ang:MHy M thﬂ”“ meﬂm MJ J Jijﬁhﬂﬁ%@g[ WWWF

DC Imk vofmge Subsystem #1|Substep|EnginoEm|BR1|\.'CAP1

0.705
0.7
0.695

20 40 50 60
DC hnk Current Subsystem #1|Substep|EngineEm|CTLs|Vars|IBat

70 80

1 1 1 1 1
20 30 40 50 60 70
Subsystem #1|Substep|EngineEm|Machines|SG|PMACH1

ol Lt T y T

~0 10 80 30
Generator P

20 30 40 50 60 70
0.02 Subsystem #1|Substep|EngineEm|Machines|SG|QMACH1
. hv o . N . _I . T T T i T
0,015 T Ty ; |

0 10 30 40 50 60
Subsystem #1|Substap|Eng|neEm|llach|nss|SG|W
377.1 l

3?1?; i ;\'/W\\/\,-\‘ ’V‘./ v/‘«m

0 50

Engme

7]

BO

Generator outputs “OkVAR while inverter outputs 110kVAR
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Results and Accomplishments

e Test results: Voltage regulation

Test case: Regulate the building voltage at POI by injecting/absorbing reactive power from the inverter
output while the system is running at 250kW. Monitor the voltage, P, Q and harmonics measurements at
the at the engine emulator.

Power and d machine speed
. s

300 T

[ T T ; I i [— TR A A A A A ) T
) A A e - -
250 ; P mea.s and cmd [ - EE'::mm 508 I L 1t AN L Machine speed —
0 P 40 ) 8 100 20 0 2 40 60 8 100 120
P hil machine field
045 T : T T 15 1 | e T
03} P machine } I L I—MCH'I-} " [ Exciter voltage NH“\—— — 3
F— B S— i P __| Y = AN, .
0% 20 0 60 80 100 120 0 20 40 80 80 100 120
B o buildi Machine current Machine current rms
— I P building o ucc|J 05| ' .l . I H
| | e
3% 20 a0 60 80 100 120 o 20 aln 60 ala 100 120
2001, : ] Hoat moter : — 1] oo Machine L-G voltage, =~ Machinevoltaas ms maanitude
2000 ! Hoat -] : . mm\.-agﬁmlﬂ
193 I I 1 L I 0.2= I I I I f
() 0 20 60 a0 100 120 o 20 40 80 80 100 120
251 - | Lump I: meter : o D{" .]'.,nk ‘f”!tﬂgo hil d:lnp voltage :
L I I ! I g I
200 , , , Total Ploads l:I‘{ 07 T VW'L{
% 20 40 60 80 100 120 %% 20 atlo elo slo 100 120
40 Q meas and cmd—2 and : w0 line to line voltage
200l ‘ | Q_mess ‘ o Building [-L voltage '|-_ ' i _mH
o ] | | | Somd_c90 D e et e —— | V_mag
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Q machine . . Id ref and | de
ootk ' ' 1 Q machine —owon)] o DC link current r . —
0.02 . r T T e R Y Se— s " - Bt
0 20 40 60 BO 100 120 0 a0 a0 80 80 100 120
; ab ;“' ) Inverter status
- °,‘ . — ! I o‘mc[j I T i i T It B!il
200 ! | Lo Q bLMQ — — 4 T ' Inverter switching status , -
0 20 40 60 a0 100 120 O P 20 0 ™ 00 120

[sec]

Generator operation fully decoupled from VAR support
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Results and Accomplishments

e Test results: Power following dispatch

Test case: Set the CHP emulator to follow the electric load while the converter is maintaining a pf = 1 at
POC. Monitor the voltage, P, Q and harmonics at the at the engine emulator.

P meas ﬂnd Cmd Power measurement and command 60.1 machine speed
P — TS - T T T T T - T T . 5
i . — A A L — B . PR L . M - . " P_moas T e Y | P Y W NP VTV P, |||V S T * Wi
e S e e I e e L i L i ik
) 50 100 150 200 250 300 i 50 100 150 200 250 300
P machine P machine ) ) machine field ) )
0.256 FPmachin : W1E : : L | — — .
024f" 1.09 A nafl-pl ViAo EXCIt?E\\{OIfGQEJ.\ e e T -‘~'r}|E[:'F- A
I . 1,08 : I i I Wy v Il
o 50 100 150 200 250 300 o 100 150 200 250 300
P building MﬂCﬁ?ne current Machine current rms magnitude
%0 T . T T - g--;g T I 1
P building I P_pds 1 b )
| e e e = S — — - ! -
0 50 100 150 200 250 300 0 50 100 150 200 250 300
200y . Heat meter 024, Machine L -G voltage  Machine voltage rms magnitude .
[ 0.235 VmachMagRms
o | | | — - -
1999, ) 00 150 200 250 200 0 50 100 150 200 250 300
: Lump I[' meter Total P loads 0705 __DC linkvolt dccapwltag
i Jubunean . AN o pEE LumpP | 07
- L ey o f Y (RS P g AN 1;.4 1{’)N\.-.‘_z Wy Ty 0.5 " y
B ann 150 200 250 300 o 50 100 50 200 250 300
) Q meas and cmd  ameasurement and command _ B Rk fo e vollags o remereeereemrrrrrsmm _—
— — T —— = - .
o T P S e e ey .moss T oF Bu:]ﬁ'mg I-r voﬁage u,_t_m_pd;H
' I I I Qemd_c90 460 I | I V_mag
UU 50 100 150 200 . 250 300 0 50 100 W [15:¢ Ido 200 20 00
_ _ [ Qmachine Q machine _ e s
A NI ey
0.015 - : ) 03 -
0 50 100 150 200 250 300 L . 100 10 00 250 a0
Q building Ten o DC link current Inverter status
. ; Q building A E— 2 ' ' 1 B
= - RS B P PRSP T SRyt aey 1 Q_pde 1 T Ié]*{
qol e T T e ) ey Sttt i 1 0 Invelter switching status
0 50 100 150 200 250 300 o 50 (oec] 200 250 200
58C|

The machine successfully follows the electric load
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Results and Accomplishments

e Test results: Heat following dispatch

Test case: Set the CHP emulator to follow the heat load while the converter is maintaining a pf = 1 at POC.
Monitor the voltage, P, Q and harmonics at the at the engine emulator.
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The machine successfully follows the heat load while the converter decouples P and Q
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Results and Accomplishments

e Test results: Switch between heat and power following dispatch

Test case: Set the CHP emulator to follow the electric or heat load while the converter is maintaining a pf
=1 at POC. Monitor the voltage, P, Q and harmonics at the at the engine emulator.
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The machine successfully follows the load command while the converter decouples P and Q
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Conclusion

* Demonstrated higher ROl when compared with directly coupled CHP in numerous
user case scenarios

* Validated compliance with IEEE standard 1547 and IEEE 2030.7 using a commercial
microgrid controller

* Built a 700kW Power Hardware in the Loop (PHIL) testbed and validated
performance

Impact:
* Increase flexibility of CHP plants for higher resiliency and grid support services
 Potential for lowering the installation costs and delays for greater penetration of CHP

Future research:

* Optimize CHP engine leveraging asynchronous operation with the grid to further
reduce system costs

* Develop converter for coupling CHP with PV, BESS to streamline integration of

renewable DER and optimize revenue streams

(Converter-Interfaced CHP Plant for Improved Grid-Integration, Flexibility and
Resiliency)



Questions?

Contact:
 |brahima Ndiaye (Principal Investigator), GE Research,
ndiaye@ge.com
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