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Speaker background

Dr Luluwah Al-Fagih is an Assistant Professor in the Division of Engineering
Management and Decision Sciences at Hamad Bin Khalifa University (HBKU), Qatar.
Prior to joining HBKU, Dr Al-Fagih was a Senior Lecturer in the School of Computer
Science and Mathematics at Kingston University London. Dr Al-Fagih holds a PhD in
Financial Mathematics from The University of Manchester, UK and a BSc and MSc in
Mathematics and Financial Mathematics from King’s College London. She joined
Kingston University as a Lecturer in 2013. Over the last few years, Dr Al-Fagih

has developed research in Game Theory and its applications to smart energy
management, cyber security and more recently, pandemics such as COVID-19.



Outline

 Game theory introduction
* Energy scheduling game

 COVID-19 Personal Protective Equipment (PPE) game



Game Theory Timeline

Cournot (1838)- first known
application in economics to
understand the behaviour of

companies, markets, and
consumers

J. von
Neumann
(1928 and
1944)- first

formal

representation
(mainly 2
person, zero-
sum games)

John Nash
(1950)- a L. Hurwicz, E.
solution S. Maskin,
approach for and R. B.
n-player, Myerson
non-zero- (2007)-
sum games, mechanism
the Nash design
equilibrium (reverse GT)

~ Seven Nobel prizes between 1972 and 2020



Game Theory Applications

Biology: Evolutionary games, signalling games to study animal communication

Philosophy: Answering questions about common knowledge between different
individuals and consequences

Computer science: Design of peer-to-peer systems

Auctions: English auction, double auctions, or second-price auctions

Politics: Design and analyse voting schemes



I Example: The Prisoners’ dilemma

Nash Equilibrium: none
of the players have an
incentive to change their

individual strategy Testify Remain silent
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Game-Theoretic Approaches to Storage Scheduling
In Prosumer Communities

Joint work with Matthias Pilz

Other collaborators: Jean-Christophe Nebel, Eckhard Pfluegel, Mastaneh Davis, Fariborz Baghaei
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Demand-Side Management Schemes

Control of consumption by the utility company at the consumer side

Consumers can be incentivised to decrease consumption from grid during
peak times, i.e. lower the peak-to-average ratio (PAR)

Can include load shifting, i.e. operating household appliances at off-peak
times, but this interferes with consumers’ habits and comfort levels

Battery scheduling can achieve same net effect without interfering with
consumer habits

Relies on the two-way communication of the future smart grid



The System Model
|2

A

\

Prosumers = Producers + consumers

Two-way power flow and two-way communication Y@ Ja\+
(via smart meter) ]_ ﬁ - ﬁ i}
Load on grid = household demand + battery e i
activity - BA 7@
Divide following day into intervals ] ﬁ ﬁ 1
Time-of-use tariff L R I

- different price for each interval

- based on aggregated load A

Proportional billing

\ 4



The SChedU“ng Game Options per interval

l6 charge full interval
* Players

=4

— households with varying demand
* Actions 2

— day-ahead schedules of battery usage

remain idle
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e Payoff

— individual energy bill
I6 discharge / use




I Nash Equilibrium schedules
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Community with non-participants &
forecasting errors
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Pilz, M. and Al-Fagih, L. A Dynamic Game approach for Demand-Side Management: Scheduling Energy Storage
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Is it worth playing the game?
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I False Data Injection Attacks
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Game Theory to Enhance Stock Management
of Personal Protective Equipment (PPE) Supply
during the COVID-19 Outbreak

with Khaled Abedrabboh, Matthias Pilz, Zaid Al-Fagih, Othman S. Al-Fagih and Jean-Christophe Nebel
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The problem

Thirty tips n. Elliott Gould Stardom, drugs @
forsimple, |and marriage to Streisand o~ *,

tasty food

O

about what may or
may not be delivered’

* Initial data early in the pandemic showed
that 10-20% of Covid-19 cases found in
healthcare workers (HCWs)

* 20% of inpatient & 89% of HCW cases
caught in hospitals

Every month, frontline health responders around the world
need these supplies (and more) to protect themselves and
others from #COVID19

® 89 million masks

® 30 million gowns

® 1.59 million goggles

® 76 million gloves

® 2.9 million liters hand sanitizer

ALHVIRAD & %\“%\4 World Health
#coronavirus w Organization
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The PPE Challenge

The higher the aggregated demand, the more challenging it is to
fulfil due to:

— sourcing new suppliers, higher shipping costs
— increased production (overtime, extra staff and/or equipment)

— higher demand -> higher costs.

The daily aggregated demand should be minimal and ‘constant’,
otherwise there would be a supply issue!



I Proposed system architecture

* PPE supply chain

e Centralised — decentralised

T Physical delivery
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The PPE Game

* Players:

%
— Seven regions of NHS (National Health Service) England ﬁ
* Actions:

— Each region to schedule their daily PPE orders for the whole
period

e Goal:

— Each player attempts to get PPE at the lowest cost while still
meeting their full demand



Questions
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Data and experimental setup

Occupied hospital beds with COVID-19 illness is

representative of how much a hospital is
responding to the pandemic.

Bed occupation data publicly available for the 7
NHS (National Health Service) England regions

Changes in NHS guidelines, e.g. 2" April,
‘Sessional’ use of PPE: the same clothing could be
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Experimental implementation

Early stockpiling dates:

1. 20 March 2020: data on COVID-19 cases and occupied hospital beds in
England made public

2. 11 March 2020: WHO declared COVID-19 a pandemic

3. 28 February 2020: European Union proposed bulk-buy PPE scheme to UK
4. 07 February 2020: WHO warned of PPE shortages

5. 31 January 2020: First COVID-19 case confirmed in the UK

Storage capacities: 5 values (no additional capacity, 5x, 10x, 15x and
20x original capacity)

Estimates for peak of second wave: 5 values from October 2020 to
February 2021



I An example simulation of stockpiling game

Stockpiling started on 28 Feb 2020
Standard storage capacity
multiplied by 5

Peak of second wave expected to
happen in mid October 2020

Millions of PPE Sets
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Millions of PPE sets required daily nationally (dotted line),
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stored in each of the 7 regions



Second Wave Peak
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Storage Multiplier
Challenge in terms of fulfilling PPE demand delivery according to the amount of available storage
capacity (x-axis), the stockpiling starting date in 2020 (y-axis), and the peak date of a putative
second wave of COVID-19 (each cell in the grid is divided in five stripes corresponding, from top to
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Challenge in terms of fulfilling PPE demand delivery according to the amount of available
storage capacity (x-axis) and the peak date of a putative second wave of COVID-19 (y-axis).



Conclusion

PPE shortages can be avoided by installing temporary storage space such
as marquees. Increasing PPE storage capacity by a factor of 15 would have
been required to minimise the pressure on the NHS

Early stockpiling could ease the challenge significantly

Looking ahead, steady stockpiling is still a more viable option than panic
buying

Could have delivered cost savings of 38% had stockpiling begun on
February 7 (the date WHO warned of PPE shortages)

Read about this work on Forbes!


https://www.forbes.com/sites/anuradhavaranasi/2021/01/31/covid-19-could-game-theory-help-in-tackling-ppe-shortages-among-health-care-workers/
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