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Qatar Environment & Energy Research Institute (QEERI)

» Vision: To become the reference national research, development and innovation (RDI) institution in the
fields of energy, water and the environment in Qatar and in arid regions

» Key stats: 160+ headcount / 120+ permanent staff; > 4000 m? laboratory space
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Background of Lithium-ion Battery
Energy Storage System



ESS roles for grid

Possible Locations for Grid-Connected Energy Storage

Creates a Firm Capacity Output
Ramp-rate Control on renewable
energy generation for higher
efficiency
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Largest lithium-ion battery energy storage system (In total and single container)

largest ESS project in Total capacity

Capacity .
Name Type Country Location Year
MWh MW hrs
Oss Landing E.n.ergv Storage -B:ilttery, 1,200 300 4 United States I\/Ioss.Land.lng, 2020
Facility lithium-ion California
Red Sea Project .Ba.\tter\./, 1300 400 3 Saudi NEOM On-going
lithium-ion
Mohammed bin Rashid Al Battery, : .
Maktoum Solar Park by DEWA lithium-ion 8.61 1.21 7 UAE Abu Dhabi On-going
11 kV Nuaija station Battery, 4 1 4 Qatar Doha 2020
lithium-ion

largest BESS in single container

It can store 250kWh-

5.4MWh of energy in
transferable 20ft / 40ft

/ 53ft ISO containers

6MW PCS + Transformer + 4MWh Battery (40ft)



https://en.wikipedia.org/wiki/Moss_Landing_Power_Plant#Vistra_500_kV
https://en.wikipedia.org/wiki/Moss_Landing_Power_Plant#Vistra_500_kV
https://en.wikipedia.org/wiki/Moss_Landing,_California
https://en.wikipedia.org/wiki/Moss_Landing,_California

Qatar demonstration study on large-
scale PV-storage system

Reference: Cen Z, Kubiak P, L&ez C M, et al. Demonstration study of hybrid solar
power generation/storage micro-grid system under Qatar climate conditions[J]. Solar
Energy Materials and Solar Cells, 2018, 180: 280-288.



QEERI Outdoor facilities

250 kW/500 kWh Li-ion battery at the OTF

Battery Storage System(250kW/500kWh) ESS inside look




QEERI Outdoor facilities

OTF BESS Time-Shift User Case Simulation
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500kWh Lithium-ion BESS

250 kW/500 kWh Li-ion BESS spec

250kWPCS
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Figure 3.4-1 Topology of 250kW/500kWh ESS



Remote Control Center View for 500kW/500kWh PV-storage

- Solar Test Facility Smartgrid System
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Key technology 1 - Online monitoring for BESS battery and PV parameters

Technical Challenges:
1)1176 cells unit(electrical and thermal parameters) need to be measured;

2)Industrial measurement devices capability limit(step time interval>1s, Max 100 channels);
3)7*24 Continuous data recording and the data can be exported as excel file in different resolution for research.

Main SCADA function modules
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Key technology 1 - Online monitoring for BESS battery and PV parameters

Technology merits:

1) Solution for massive and high-resolution data acquisition in all levels;
2) low-latency for BESS sensing and control;

3) Support historical data storage and export
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Key technology 2 - Safety control and remote surveillance system

Risks:
High-current, High-voltage, danger of leaking components, risk of fire and/or explosion.

Solutions:
Safety management policy/procedure + state of the art unmanned surveillance based on both SCADA and video surveillance

Safety control system
|

LV \/

. Saf i . L .
This equipment is a Li-:nni:::e‘rlyvc?n::L:.gThe battery is under SCADA Safety aUtomatIC C. '[r0| |Og|C
If(SOC>95% or SOC< 10% or Cell Max T>35 C or THD>10% )

maintenance & test, and it has potential safety risks due to high-

rrrrrr t
& high-voltage, danger of leaking components, risk of fire and / or { /////::::::::::Shutdown ESS::::::::::: ///// }
explosion

NO ENTRY IS ALLOWED
Please contact the following staff for approvals:
Mr. Ben Figgis (Cell. 6655 0084)/ Dr. Ahmed Ennaoui
(Cell. 7749 2375)
Dr. Zhaohui Cen (Cell. 3373 0488)/ Dr. llias Belharouak (Cell. 3388 3219)

Apr-27-2016 09:19:18



Key technology 3 - Smart power generation/storage management

1. Open-Loop power control-programed ESS automatic charging/discharging;

Contributions:
1) Unmanned control and remote monitoring; 2) control step time interval <sec; 3) control power error<1kW
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2016/4/12 STF Power Generation Profile
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Key technology 3 — Results for BESS fast response use case

250 kW/500 kWh Li-ion battery at the OTF 3 consecutive days interaction with PV
Constant power (50kW) to load
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Key technology 3 - Results
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.
Key technology 4 — Remote-Integration with World-Wide Unilab Multi-Energy Micro-gri

PV integrated Smart-grid Worldwide Multi-Energy Micro-grid

CCHP based Renewable Energy Microgrid D - SRUDNAR. CCHP based Renewable Energy Microgrid @ oo
Tianjin University

wnd turtne

Oww

Motovokax

Ok

L d

[ 1

Heat anegy pponon
Solari  Ground s

Air-condition

Tl ™ W
Carnift Universsy N 7 @ M) Thnjin Seo-cy
nartners::

3 mnkn Upivarsity

< Shansiong University OF | echnology
Lawrenoe Berkeley Natonal Laboratory )
SIChuEn University Narpng Universty of Posts and Telect

Cumrent User - gqatar

SalatTes Fadllyomrld e TR I E ML TEENROY MEROGHD CCHP ased Renewable Energy Microgrid @ mar

2018:02-07 09:19:50
Qatar Environment and Energy Research Institute — Tianjin University

Daily energy output

QSTP Load n
o U

4. )
X0:00j«2018-0 2 r 7N
/ Ai m m Load

Load
i P . 0KW

Y L Q 0 Kvar
* PV ( 262kWp )

OkwW P Okw P 0 kw P
10Kvar Q 10Kvar Q 0 Kvar Q

rw.w, proportion A P 0kw A P 200 kW A P UkWA #
Grid Wind

Solar' Gas W
SOC Daily output Daily output

PV G ti 250kW ,f 0% 20 kWh 34kWh '. .

eneration b " = = uE
i i g Lithium—-ion Battery Energy Storage System \1\ e [ 7 '
|

P kW 250kW 500kWh

- a3

4 Wind turbine Battery PV ( 100kWp ) PV (250kWp ) CCHP ( 120kw ) Lithium bromide

QEERI integrated Micro-grid Full functional Micro-grid by partners




Reliability Study on the 500kWh BESS

Reference:
1. Kubiak P, Cen Z, L&ez C M, et al. Calendar aging of a 250 kW/500 kWh Li-ion

battery deployed for the grid storage application[J]. Journal of Power Sources, 2017,

372: 16-23.
2. Cen Z, Kubiak P. Lithium-ion battery SOC/SOH adaptive estimation via simplified

single particle model[J]. International Journal of Energy Research, 2020, 44(15): 12444-
22 12459.



Repair, training and setup maintenance program

e Work State: ldle

ESS fatal problems before QEERI team

access:

1) never be used (One week running
only), grid-on mode is dead;

2) key parts such as AC, UPS, cooling
pump, fan, and Alarm system are not

working; \> ST
3) ESS Communication and grid [ = )‘

integration functions are missing and
unfinished by green-gulf.

Port: COM1  Node: 10
Ivlodbus DewvacelSlave (RTU)

Wnite Word
Wo28

1Z2. i
Enor: 2007
Tiraeout

Contribution by QEERI Team for recovery of
the ESS

1) Trouble-shooting

2) Repairing and make it work in grid-on mode;
3) Fully maintenance and cleaning

4) practical operations and training for staffs

and technicians \




Qatar Climate challenges of heat and dust

Dust issue

(a) (b)

Dust on PV module in comparison . s

. ‘A~ - w., 8 .

Dust jamming the ventilation filter in compariéon

Dust over cable and UPS Dust over batterv module connector



Qatar Climate challenges of heat and dust

250 kW/500 kWh Li-ion battery at OTF Challenge
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High temperatures and dust affect the PCS than the cells leading
to errors, fatigue and premature failure of the electronic system



Soiling impact on PV-Storage Sizing

Soiling and PV performance fading
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Impact on Automatic Circuit Breaker(ACB) tripping faults

Battery breaker tripping

/
it
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Time of the day

* Grid AC power phase unbalance and disturbance (it
could from grid or local disturbance)

* Total Harmonic Distortion issue due to PV
fluctuations.

* Wrong protection action from breaker or connector
due to inefficient insulation by sand particles in air.

PV Inverter degradation due to dust and cooling.

e Battery Inverter degradation due to dust and cooling



Battery ACB intermittent tripping fault troubleshooting

Fig.8 phase voltages and currents during trip occurrence duration

Fig.7 fault tree analysis for intermittent trip fault o
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Battery ACB tripping failure trouble-shooting

Fig.9 THD indicator measurement by power quality metering Fig. 11 IR image detection for abnormal temperatures
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Battery breaker stripping failure trouble-shooting

Fig.12 identified faulty component due to electronic burning failure

Temprature measurement

failure due to power-supply
IC burned




Experience and lessons

* High temperature needs high-efficient cooling system for power
converter-Water cooling is not suitable for Qatar weather conditions;

* Air conditioning for the battery container need to be strengthened;
*Dust cleaning is mandatory, and cleaning program need to be
optimized based on Qatar weather conditions;

* Annual maintenance is mandatory for BESS safety;

* Trouble-shootings rely on powerful SCADA system and site
Investigation



Research On Air-Conditioner Cooling
Optimization Control

Reference:

1.Al-Azba, Mohammed, et al. "Air-Conditioner Group Power Control Optimization for
PV integrated Micro-grid Peak-shaving." Journal of Industrial and Management
Optimization 17.6 (2020): 3165-3181.

2. Al-Azba, M., Cen, Z., Remond, Y., & Ahzi, S. (2020). An optimal air-conditioner on-
off control scheme under extremely hot weather conditions. Energies, 13(5), 1021.
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Introduction

In the middle east and Gulf countries in particular (eg. Qatar) there is a
huge demand for cooling due to the harsh desert environment (heat,
humidity & dust) which approximately accounts for 60 — 70 % of total

energy consumption.

There have been numerous studies and ideas trying to address such energy
challenge through state-of-the-art technology, energy efficiency and the

use of renewables.

While some have shown great success, many

of the measures/ solutions or

ideas are region or country specific, meaning that local energy policy,
regulations and culture can have an impact on expected results.

In this study, an engineering approach is proposed to assist in addressing

the-high-power consumption for cooling-and

The target will be the development of a

ress peak demand issues:
suitable control scheme for

buildings” ACs to effectively respond to space cooling demand while

maintaining peak load at minimum.
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Background

JGovernments and utility providers are facing another energy related
challenge which is peak demand.

JWe do not necessarily suffer lack of energy resources, but certainly
have issues in managing the growing demand for electric power
especially during summer seasons.

JLack of stringent environmental & Energy policies and energy
subsidies add complexity to the above challenge.

JThe focus is on domestic sector (residential, commercial and

government buildings) makes about 80% of energy use in Qatar.
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Problem/Significance

System Maximum and Minimum Demand (MW)
Half Hourly Load Curve in 2016
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Problem/Significance

System Maximum and Minimum Demand (MW)
Half Hourly Load Curve in 2017
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3500/ _ : ® Maximum Demand
2800 ® Minimum Demand

2000 Minimum Demand of 2600 MW
on 25" February 2017 at 4:00

=]
0:30
1:00
1:30
2:00
2:30
3:00
3:30
4:00
4:30
5:00
| 5:30
6:30
7:00
7:30
8:00
8:30
9:00
9:30
0:00
0:30
1:00
1:30
2:00
2:30
3:00
|;3:30
4:30
5:00
5:30
6:00
6:30
7:00
7:30
8:00
8:30
9:00
9:30
20:00
20:30

L S R L i R R R L

36



Problem/Significance

EEEEE—

No of Customers 310,107 344 445
Annual Growth (%) 5.6% 4.6%

Number of Electricity Customers in Years (2013-2017)

Mumber of Electricity Customers

2013 2014 2015 2016 2017
Mo of Customers 293,604 10,107 329210 344,445 364 597

Total Gapacity 010 Gw
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Why buildings?

Maximum Demand (MW) by Sectors in Years (2013-2017)

9,000 - 7435 r.f-
1,210 #
8,000 _ O e 5,455
7000~ 6,00 5,905 565 e ®
B - P —
6,000 - 4,795 .--v"""“Il
#
2 5000 o~ [ B Systern Maximum
s ’ Demand
4,000 < B Domestic Maximum
- Demand
3.000 - 1,317 1,558 1,560 1,512 | N
4 B Industrial Maximum
. ." .—.
2,000 P Demand
1.000 -
__.-'
l_.-'
o
2013 2014 2015 2016 2017
Year

Domestic sector = residential + commercial +government buildings
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Prior Art

Existing ways to address peak load issues:
* Peak load shaving using Energy (or thermal) storage

. PEAK LOAD BEFORE
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Prior Art

Existing ways to address peak load issues:

* Peak load shaving using Energy storage

Tesla Powerwall

Typical Daily Profile

w—Demand w/o Battery  =——Demand w/ Battery
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12:00 1:00 2:00 3:00 4:00 5:00 600 7:00 £8:00 900 10:0011:0012:00 100 200 300 40 500 600 700 8:00 900 10:0011:0012:00

40

*brilliantharvest.com



Prior Art

Existing ways to address peak load issues:
* Peak load shaving using Energy storage
* Peak load shaving using direct PV energy supply

Residential Hourly Load Profile

Hor by Usape kiWh

qEEE e R EARR RSN *segensolar.co.za
Tireed of [y
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Prior Art

Existing ways to address peak load issues:

* Peak load shaving using Energy storage

* Peak load shaving using direct PV energy supply

* Demand Response and Demand Side Management (DSR/DSM)

* Policy (Energy conservation and efficiency) S

. 2 2 2 : H Demand-side management can reduce peak loads by shifting
Example: Tariff, Tax, regulations, incentive programs, compensation schemes frmeonle et b

A Electricity demrand curee

Time ol day

14



Prior Art

Existing ways to address peak load issues:

* Peak load shaving using Energy storage

* Peak load shaving using direct PV energy supply

* Demand Response and Demand Side Management (DSR/DSM)
* Policy (Energy conservation and efficiency)

* Build more power plants!
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Prior Art

Existing ways to address peak load issues:

* Peak load shaving using Energy storage

* Peak load shaving using direct PV energy supply

* Demand Response and Demand Side Management (DSR/DSM)
* Policy (Energy conservation and efficiency)

* Build more power plants!

ving 1 kW i
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Scope and limitations

* The focus is on targeting peak load reduction in residential buildings

* Conventional Air conditioning systems are only considered

* Typical small-size residential house with average insulation conditions
* Minimum of 4 AC units is considered in this study

* Investigation of performance during peak hours is initially targeted

* Some assumptions are made & factors are neglected for simplicity
PUrpOSes (eg: room size, neglect humidity & disturbance effects)
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Objective and Methodology

Objective

* Develop a control algorithm to minimize power spikes caused by
running multiple AC units within a typical house while maintaining
optimum cooling performance and comfort.

Methodology:
* Literature review

* Build mathematical models to analyze and simulate a complete house
cooling system using Matlab / Simulink

* Develop control logic for optimum performance
* Validate models and results
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Basic Air conditioning System

Typical Auto Air Conditioning System - How It Works

SOOF -~ " Seraer DUt
Air :

f ' J

2 =l

INSIDE OUTSIDE ‘ »-
: ;

70°F .
Air

* ACunits are used for removing heat and humidity from the interior by relying on standard refrigeration cycle.
* This is basically a continuous process of compression and expansion of certain refrigerant which eventually gives the
cooling effect.
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Basic Air conditioning System

Heat
in

https://energyvair.com/4-signs-ac-small/

The Basic Air Conditioning Cycle

EVAPORATION —r- COMPRESSION  ~——» CONDENSATION

oy

kW consumption

EXPANSION

48
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Power (Kw)

OFF ON OFF ON OFF ON OFF

Time

Controlled by thermostat command

Room Temperature (C)

FIEE

Time
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Power (Kw)

1.5

1.5

1.5

1.5

power sum = 6 kW

/

Power Spikes Problem

AC1

AC2

AC3

AC4

Time
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Building a house cooling model

The cold air flow into the room is expressed by Equation 1 below:

dQ
E — (Trﬂﬂrrt - Tﬂircﬂ’l) ' Mdﬂt * E LER N T EEEREER N [l]
(ﬂ) — Ti"ﬂ o —Tﬂl[t
dt /losses Req
. s dTy 1 dQ) AQair
Heat losses, temperature time derivative: TOOM = . ( losses _ _<all m") SRR 7.}
dt M gir+c dt dt

Where,

dQ/dt =» the heat removal rate (J/h)  Twem = indoor temperature (°C) Taircon =2 cold air supply from AC (°C)
Mdot =¥ air mass flow rate kg/h ¢ = heat capacity of air at constant pressure (J/kg.k)

Tout =¥ outdoors temperature (°C) Mai- =2 room air mass (kg) Req =» room equivalent thermal resistance (K/W)

MEEEL (1) B, o P

B i

» .{ : :I 1M
Cr—() b .
Troam Bilower SwWitch  coiing limil Jim ‘<P
Midalc (?4
¥ | &ir Con Temperahse Heat gain| 1/Feq)

4y [Qubdeor Tame

Air condiicrar model 2
o
Thermodynamic kMol
for the roomi
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Building a house cooling model

Thamasial

Tramaeian Command (Ons e

5

Tusw

0

‘salPoim

7

Aar Cen Tampasaiuea

]
e
Blorweer Switch

ensling limil Jim

-

Model parameters:

52

\ 4

*Room size /dimensions
*Insulation level & thermal characteristics
*AC sizing (cooling capacity)

Troom



Building a house cooling model

Model parameters:

Parameter walue unit
l=nfRoom ] m

a) HUDI’T"I widRoom 8 m
hitRoom 4 m
riumWind oaws 2
htWindows 1 m
widWindows 1 im
Windowshres 2 m’ nurmiindows *ht\Windows*widwindows
wallAreg=s== 158 m 2"lenHouse"htHouse + 2"widHouwsa"htHouse +RoofArea - windowarea
Kvalue{wall) 0.055 Jmin/m/fC
kwall (m) 33 min/m/C
Lwall 0.3 m
Rwrall 5. TSE-04 Rwall = Lwall /| kwall*wallArea)
kwWindow B4 3/min/m/C
Lwindow 0,06 m
RWindow 7.14E-D4 (miC)/W Rwindow = LWindow//{kwindow*windowArea)
|Reg 3.19E-04 |(mc)/w

Trermeaint c 1005.4 Ikg-K
T ,mmlml densair 1.225 IJl-:lg.l'rl'uﬂ"]
T 7 AC temp
: B "-a"ll 'Q '|>_' ; EE;; 2245833333 |lr.g,|'mlr1 air flow rate
e T Seich cacling i Jam 1k Trooe | g 235.2 kg total internal air mass
A Con Temgeraien
Pl gasst | R
Aecan madel = — [

28
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Building a house cooling model

Model parameters:
Fixed Speed Models

b) Air conditioner

Power Supply Veph-Hz 240-1-50 240-1-50 240-1-50 240-1-30
Cooling Retec Capscity kW 27 33 50 70
Heatng Rated Capacity kW 27 33 50 7.0
Cooling Rated Input w 720 860 1500 2100
Heatng Rated Input w 700 860 1500 2100
AEER ww 366 368 33 325
ACOP ww 394 374 327 333
Airflow H/MAL m3hr 750/700/650 750/700/650 1100/1000/900 1200/1100/1000
Unit Dimensions WxDxH 900x280x202 002802202 1033x313x202 1240x325x250
Power Supply V-ph-Hz 240-1-50 240-1-50 240-1-50 240-1-50
Refrigerant RA10-A R410-A R410-A R410-A
Comprassor Rotary Rotary Rotary Rotary
Sound Pressure Level dBia) 53 6 57 59
Refrigerant Pipe Sizes {Suc/Liq) Die. mm £.35/9.52 (1/4°-3/8") 6.35/12.7 (1/47- 1/2%)| 635/12.7 (1/4"- 1/27) p.52/15.88 (3/8"- 5/8")
Refrigarant pre charge length M 5 S 5 5
Unit Dimensions WxDxH 760x256x552 820:300x4605 F0307x650 F00x360x805

ul YORK = BONAIRE

INSTALL CONFIDENCE The leaders in heating and cooling
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Modeling and simulation

Ty Thermosiat Command |
Therrmiastal wall
\ o * _,/_ i(235.2°1005.4
Bikcrasar Swich cooling imit Lim
Thesmgdynamic Madel Tamp
for roam codling sysiem
& Pawer v Troem — [} KJ
A Caviy Strwsar
T T T ! i
= = 4 = L] = — =
g JEEE] = =
B
|f o = .
[ -
1 1 | 1
Rz Tam peraiure Coniml
- '- ' ' f
al | | | | | |
Bl ! { ! { { _
E‘ﬁ n | { ! { { _
al ! { | { { i
(= - d_.-'
=L e 1 - | - 1 o ] =" i
L L L L L
o L] ] k1] & 51 L] 30
Rusdy Carpl baasd [ffesi=0 Tl 33
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Modeling and simulation

House model Fxﬂ 4 Scopell - Individual AC power (Watt) - 0O X

o
_ ¥l |
Hi i 5SS e . a el T |
Pr— . Posses
) +—— In! Dl ————— . . g 4
S iFoenit P | rd Rl
Cuyldods Temei _l:"'_“'CM‘I | el . F m
FE] T o LReTi i - mm—
= * . |
SalPmn i A L e
1 - g + FomsSum
Dichsed Tmpd ROAOME T —
T
EiPwiitd i L | glecnal |
Caridoor Temp:] HI A
kil e ! PO ———
satford [, ] | o
Carigdoor Tamp MR
4| Scopeld Rooms Temp regulation (°C) o x 4] Scopetd Sum of AC power (Watt) - O X

Sarph bajed | Oifssi=d T=c 0D

Dandy Sampla banad T=80 000 Bty
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Modeling and simulation

4| Scopel) Individual AC power [Watt) - O A
House model

I e iy | Cursl : ! ! Harngn '

i

Coupbcsor T

23

41
Cupbcepon Timgd

BaiPosnitd

Capldoor Temgdd

EalFonH | o |

Carldoor Temps

e i R ————

ROOM1
= it Dot

— ind PG ——

ACORE

k
i
[=

= i R

HLH

tifi i | R et

e il Ot

HRH

Rendy

Sample based T=60.000

4l Scopetd Rooms Temp regulation (°C) b X i Scopeit Sum of AC power (Watt)

Sample based Offset=0 T=50.000

SAMpE DEled | T=S0.000 Resdy

Hiady
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S i m u \atio n res u \tS Outdoor temp raised from 41 to 47

= & Scopell Individual AC power [Watt) - U A
House model ~ N
a | = =0
Huowrse sulesyslen
L ]
d '-ﬁ--.
X e i | Ol lmgdn L
P ™ o F——
Cridoar Tesip | BOOM? ..._ H.-" m ‘
» 1 ikl - K s k |-|_||
il 4T = g R ——— I "’ i -+
| # - N R am
Andoer Tempd R 1
m
SenlFyEnl AT | I in3 AR
'.||';.'|-"'| Tl HiH ]
- v o ] RS
Seatrrurad | [
B = ' [ M Rl Ready Samgle basad  T=6{1.000
ChAdgar el RO )
[ R . _ | Soopell - U
& ScopelB Rooms Temp re ulation [u'::l O = Sum of AC po r W-Ett:l

Ry Sampie Eased | T=50.002 |Reaay Sampie based | Offsetel  Te60.000
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Building the AC control system

INPUT OUTPUT

Thermostat 1 Compressor 1

Compressor 2
Thermostat 3 CONTROL LOGIC Compressor 3
Thermostat 3

Thermostat 2

>» Compressor 3

* A control logic has been developed to minimize excessive power consumption

* The control system receives cooling demand (input) from individual AC
thermostats and sends output command (on/off) to multiple compressors

* The control logic is built using Matlab Stateflow® toolbox

Stateflow” is an environment for modeling and simulating combinatorial and sequential decision logic based on state machines and flow charts.
37
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Resultsl: Temperature control

4. Scopeld — L] X

Ready Sample based T=120.000
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Results2: Load shifting

= 0 0 4;‘_7_‘_F_L1




Results3: power control

sum of ACs power with vs without control

” — . 4.5 kW

~75% Reduction

=R " H E
A P
e, 4 i i 4 ' £ &
-_-
-
- '-l_ .-.‘.-. I.-. | | 1 | - | | 1 | | | . i .
AN
[ k]
=
E
[
2L N
= - i 8 # P S 'S A S —— ' S—— - S N W S S S S U SS——— R ——— R e o mm mm e mw e
U i | i | | 1 | | | | | - | |

IIEINER

Heady Sample based T=120.000
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Findings /.\>
/

Up to ~75% reduction in peak power
~ 4.5 kW for a small 4-room house/flat (4x1.5 Acs)

Assuming 500k residential units to be targeted

4.5 kW x 500,000 houses = 2,250,000 kW = 2,250 MW o
., -Amount of CO2 emission avoided ? .®

0.572Kg CO2/kWh =» 0.572x2,250,000 =1,287 tonne
CO2/kWh per 1 hour

- Number of new power plants avoided ?
= 30.888 tonne per day = 11,274,120 tonne CO2 per year

* minimum of two big power plants OR >4 typical size
plants (~300-500MW)
* capital and operational costs

a

-Other benefits?
Reduced transmission losses and grid stability
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Part2: Group AC power control for mitigating
power fluctuations

Problem to be addressed:

* Targeting the control of much more than 8 ACs
* Stabilizing the Power consumption profile to be as smooth as possible for grid stability.
* The use of thermodynamic of the building as a means of thermal storage.

POWER

In this work, the focus is on smoothing out the power curve profile with more flexibility with the indoor temp ~ = 2.5°C
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Part2: Group AC power control for mitigating

power fluctuations

Proposed solution; design a control system based on Quadratic programming technique and use of outdoor temp forecasting

Discretized AC Group model

For-controller-design,-the-thermal - model-of the-house-can-be represented-as-a-state-space-model-

format-as-follow: ' (4
ormat-as-follow ;i.'(t-] = Az t} + Bult)+ &

jE.[l"'. J]ke[ﬂ‘f -1 B::j_f,;wdg]ﬂ' discrete
$

Ff-we-cclntiider-thE-timE-'lntE-rual-as&I = 2h ,so-thetime-step-number N, =24 /2 =12

P(k) = z UJ{--‘T ) == const (target for optimization)
j=1

65

Solve for best power curve

Constraints and acceptable in door
temp range

z,, €[200,25°0C]

jELN | keloN 1
{01} P,

~|.1~.,|J_"". |H‘Elﬂ N —1]

Cost function

|k|= Z‘[Ikl— hlknﬂz_[ JT’{"—PHIE‘.I:P
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Part2: Group AC power control for mitigating
power fluctuations

valmip(["clear"}

F = ipcvar (nac,nw) .

-
T = mdpvar(nac,ow). Yi I m I
Tour=[27.1:26.8226.T226.9:27.2:27.59:28. 9029, . 930, 92306231 . B23). 7303130, €

Tout=Tout (l:d:Z4);
Fpv=3=ones{l, 2 nM)
Fprid=Epv(lidcZEj+20%on=s (1, L2} ;
iml: {EW=1h

m=] rowry

e |Junl]
l.':'
a—
M
=4

[F, 255T(g;a}>2D])
[E, Tig.,ielp==0,95*(Ti{g,L)-Toue (L, 8p)-1.0003*Pjg, 8p+Toue (Ll i+1)]);:

optimize (F,obi}:

bBoberalus (F) 2
sesmrepmat (2% [1linac] *, 1,0w) +bbb;
cre=ralue (T) &

coo=sum (bbb 1

Blac|cEE" )

figure;

GUROBI

OPTIMIZATION

atairs|(ses')s
figure;:

plat{css, "=} 7

hold on
plot (Bpy2®a) s
save daTad
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Part2:Group Power AC Control for mitigating
power fluctuations

Summary & Results

Novel group control strategy is able to regulate Indoor temperature profiles Outdoor Temperature in One day measured in Qatar
indoor temp within acceptable range. ' ' : ’ ’

Based on the local ambient temperature profile,
the AC group control optimization is performed
as Mixed-Integer Quadratic Programming (MIQP)
problem on a daily basis with constraints by an
acceptable range of target indoor temperatures,
The AC power consumption is controlled to
maintain desired profile.

The simulation results demonstrates T
effectiveness of the proposed control strategy to  }* .
minimize power peaks and smooth out the load. ¥ n — ———
o
, L —— —
EH .=
1 — ;
- -
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Alterative Storage Solution for Grid-connected PV-Storage-Air Conditioning System
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Alterative Storage Solution for Grid-connected PV-Storage-Air Conditioning System

\ L
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Air-Conditioner Group Control as virtual storage

. 31

z 30

t

%29 -~

g 28}

= 27

’ ? Time(2 Hou:s in each time ster, 12 time steps ?or one day ) i 2
. |
Outdoor Temperature in One day >
y measured in Qatar

N N
B~ o
I I

Indoor temperature profile(degree)
]
1

Time(2 Hours in each time step, 12 time steps for one day )

Indoor temperature profiles under On-off Control

Power Demand Vs Power Generation (kW)
o s & = > S

o

Balance of System

DC
generation

AC

utility-grid
household

w= s = Group AC load Consumption H

=PV Generation

L L L L
2 4 6 8
Time(every 2 hours)

PV side Peak-shaving

L
10 12

X
>
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Part3: Optimal On-Off Control for enhanced
AC performance

Problem to be addressed: Control oscillation for optimum performance and maximum lifetime of AC

Which oscillation performance is ideal ?
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Part3: Optimal On-Off Control for enhanced
AC performance

* Proposed solution
Jary Felts Ha A By T Tl T Sep 4.4 L= [k

 §
i

e s i wed man bempes shres i Coba QE s Copyright ) D000 mree weates - ancd-rimats fom

-1

C.mR
{x{f] = Ax(t)+ Bu(t)+E * Yo {P..-IC‘ tel,, . .-:_L
®» {,0-c 0 1ely 7y
C,mR,
- Indoor temperature of the house, ‘
T s Crutdoor temperature of the house
0 Heat flow from outdoor to the house [ Bu (O)+E Bu (O+E
E‘, Heat removed by AC svstem o [t] = M_A + (":l:jm + = 4 ]EA:
Thermal resistance from outdoor to the 5
R house Bu, (D +E Bu,()+E . _.r
m Mass of the indoor air x, (1) = + (%, g + )e*
c, Heat capacities of the room air s -4 A
59
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Part3: Optimal On-Off Control for enhanced

AC performance §
) h
, - On-off Thermal Dynamics Cost function for multiple-objective £
roposed solution o | | | | optimization £
- On-time Cost Off-time Cost i
E
H by 2
E x—-x dt
E J(T.:-.'.-Tq.ﬁ'}=gi ( 1 Fﬂ'}
£ I

Here, ] denotes the cost of one period of oscillation when the
28 ] 18 : L on-off control is stabilized, and j_ denotes the switching cost

Tumatis el
' : due to weariness and set to be constant for the sake of
i simplicity; ¢ and g denote the weight coefficients of COP
X, =X, e bt
1end 2.ttt cost and switching cost, respectively; x . denotes the target
.! X init = X3 ond house temperature, which is set to a constant value in this case.
r=T_+T P
on " Cof . Convex Optimization Problem
T T Duty ratio
=
. o Sec
. | i3 T [100.10000] Optimization variables
constraint equation aelo,1]
Bu, —Bu :
Bu,, +E+ on o ATy Bu, +E oA
-4 —A A
) X o = T I . . . ]=argminJ
Solution to dynamic equation | 1-¢ [ o pe]=are T.a .
Bu, +E . Bu, +E AT, Bu, —Bu_, T Solution space to solve for minimum
—A A A 60
Xima = e
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Part3: Optimal On-Off Control for enhanced
AC performance

2) Offline Optimization & lookup table 3) Online adaptive control scheme

* Proposed solution
EEHE‘ratiﬂn Cﬁ:luntinﬂ:ﬂ:t n-ul:da?

temperature range, step
intervals of optimization

Tamparatwra(dagraa)

Initalization af
p| update for Tamb | Mesrnal DeeIFF
Cratifiar Remperatre cantral
e — l_ ______ | by P remEnt
. . . . o
1) Temperature profile discretization | | preicicn v
| Update for Tan and Toff |« I ¥ Celine aevedf cormral |
0 T T T T T T | tunning
= Hourly | 4. | Dt retized] proessing ¥
“ L Q" I ___:M:: | Cast function alculation I Updiate for mew
: La )i PR T j for value of | by quadratic I ¥ vantral step
40 il i
" 1 I | NUMETCal CImpetatan : Ll;l:lEup ke T +
15 B | coafilngl paraeters P
T | ot parameter
| |
25 | | Mo
5 L 1 f ! i i 3 | Cost functian conves |
1 0 m T a0 ] ] E Bl | surfare genemation |
whowry e
Search Minll) by | . !
optimization sohers = i Hmtﬂn;hl'lnll‘ndj

Iredex ared cost values

Optimized
bauilt bapiup table with parameher sets

b1
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Part3: Optimal On-Off Control for enhanced

AC performance

Offline optimization results

H I I I I 1 I 5 1
ol .- T=1585, T_ =38, J=3.4606 -
- T2300, T =29, J=2.2074

a4l ——T=595, T_ =34, J=1.5416 -
= hi Optimum contol with Cost J=1.5418
g 3zh _
g

3of- 11 §
g7 W/
g K
g afs A ;
2 b i

=

— %ﬁi III ﬁ J{

i

gL I’j"'ia’-*.l.lnﬂﬁj..!.HHH. YTy I r IR NIy

24 S| pF sk e ] T ] y ;
AR R R R R iR iR 02 R AR
1 1 1 1 1 1 I [']
2ilfl 1 2 3 4 . & T 8 8
Tis) x 10°
AL Cooling control | Initial room | Pericd Cost value Cost can be saved
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Part3: Optimal On-Off Control for enhanced

AC performance

Online optimization results

AC c:::-ntml power I:-itlmw output
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The plots demonstrate that the control process can track the
ambient temperature change 1n a real-time manner.

Tem prature{dagraa)
5

= Optimum Comntrol Profilke
===Target indoor Temperature
o+ Dutdoor Temperature
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The control system 1s successtul 1n regulating indoor
temperature within acceptable lhimits of the desired value.
Shghtly sluggish control at lower temperatures.

1t demonstrates the controller 1s optimal based on a cost
function with consideration of COP, switching frequencies, and
variable outdoor temperature. 63



Conclusions

* Advanced control scheme to control multiple conventional AC units is proposed.
The result of implementing such controller can result in significant peak load
reduction.

* Novel group AC Control system is proposed to address power fluctuation and
smooth out power curve.

* Optimal adaptive on-off AC control is proposed to lower the cost of wear and
fatigue due to AC on-off switching while maintaining adequate level of comfort
under wide-range ambient temperature variations.
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Research for alterative energy storage
solutions and Qatar ESS market
opportunities



Qatar Solar Development Status

Qatar Solar PV development is blooming, BESS opportunities is on the way.

Lusail bus depot to have solar panels on parking
canopies generating 4MW electricity per day

© 07 Mar 2021 - 18:24

,7 "TOTAL  Marubeni

[Source: QP twitter] [Source The Peninsula]

Qatar to house region’s largest solar-
powered electric charging station

26 May 2021

‘ PROJECT soomMwp I’V SOLAR PMDTOVOL‘I’MC
INDEPENDENT POWER PROJECT
AL-KHARSAA, STATE OF QATAR

Ashghal will build an electric charging stations that operates on solar energy, which will be the
largest electric charging station in the region, controlling the operation of all sites involved.

As part of the strategy to shift to clean energy within Qatar National Vision 2030, the Public Works
Authority (Ashghal) has begun installing 653 electric chargers and 713 inverters in 41 charging
sites that are under construction for the Public Bus Infrastructure Program to serve the fieet of
electric buses to operate as per the plan set by Ministry of Transport and Communication.
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FICHTNER
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EPC CONTRACTOR

6‘ Cansiruchon Corporation of China.
Povul\‘}!ﬂu Gulzhou Engineering Co. LTD.

‘ll‘! Sinohydro Corporation Limited.

- - |
THE FIRST LARGEvSCAI.E PV PROJEC'I’ IN QATAR "

B0OMWp IN 1.00JHAAND BUILT IRZMEEB(MZMDM) |
10% OF QAWS PEAXELI

[Source: Google map| [Source: OnlineQatar]

Solar PV development in Qatar .9 800MW Al Kharsaah solar farm(on-going)



Background for Alterative storage solution research

* Qatar has desert area climate with high 40% oo
temperature, humidity, and dust storms T e 3
* 60% of the energy consumed in the T e :

residential area is from Air Conditioning
(AC) systems.

Temperature Profile at the Outdoor Test Facilities
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Qatar Demand Profile

Annual cooling load: 14 TWh
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Bayram, Islam Safak. "Smart grids and load profiles in the gcc region." EAI Endorsed Transactions on

Smart Cities 2.5 (2017).
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Standalone Solar-Storage-Air Conditioner system

Solar Aircon Controlier
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Optimization-1 for Battery Storage Size reduction
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Optimization-2 for Battery Storage Size reduction
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Optimization-2 for Battery Storage Size reduction
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Possible solutions:
1)Water based
cooling storage and
control

2)Ice based cooling
storage and control



Alterative Storage Solution Benefit

1. Qatar climate conditions require storage and other storage solutions for PV-AC
cooling balance issue, while battery storage is still costive ;

2. ACcan work as virtual storage roles and support reactive power control by
efficient converter control, which is promising for Qatar Air-Conditioning
application use-cases;

3. By On-OFF control of PV output, day-time cooling demand can be meet in Autumn
and Spring with acceptable COP

4. Water storage cooling or Ice cooling storage could be future solutions

QATAR ENVIRONMENT AND ENERGY RESEARCH INSTITUTE



Thanks for your attention!
Email: zhaohui.cen@tii.ae
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