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1- Introduction MANCHESTER.
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U Water and energy system are interlinked

 Benefits to be gained from integrated
resource operation will be key to improving
resource utilization efficiencies

O Advances in operational modelling
approaches that capture synergies between
water-energy systems are indispensable

Source: U.S. Department of Energy, Energy Demands on Water Resource, Report to Congress on the
Interdependency of Energy and Water, December 2006, p. 13.
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O Existing approaches to coupling water and energy Soft Linked
models can be grouped in in two main categories:

xl

P
Water model Energy model

 Soft-linked approaches: water and energy models NS

operate independent of one another but pass data back

and forth to reach convergence or run sequentially to
conduct a defined number of iteration.

Hard Linked

 Hard-linked approaches: the two models combined
into a single mathematical programming formulation Wﬂtﬂ""mﬂde-“ \Eﬂerﬂ}’mﬂdei
which can be solved in a simultaneous optimization.

d The advantages and disadvantages of the water and

energy model coupling approaches is not explored from:
O Water and energy resource allocation
O Computational cost
O Flexibility and scalability
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2- Research Objectives

O Creating soft linking formulation
O Creating hard linking formulation

O Applying on a pragmatic case study

0 Comparing the advantage and disadvantage two linking approaches
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3- Water-energy simulation

}— manages iteration »

- tracks model time steps ]
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Water Model Energy Model
P

- security-constrained DC optimal power flow model (DCOPF)

\— uses pywr model

—| optimization based simulation model -| energy balancing algorithm

O The water system is modelled using pywr model (Tomlinson, Arnott, & Harou, 2020)
O The energy system is a security-constrained DC optimal power flow model (DCOPF)
O The water and energy models linked using pynsim (Knox, Meier, Yoon, & Harou, 2018)

O Water and energy models linked through hydropower
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4- Formulation of soft linking approach

O Two model setups categories under the soft

linking approaches: (.:.>

D One'Way Communication (F|g A) Figure A) One-way water energy communication

O Two-way communication (Fig B)

N

o
|
Exit Itreation

Itr 2

ES;;
titrl .
if ES;=0
gpnhnet itrl Figure B) Two-way water energy
' communication

AOR (Tnt,itrz) = Qntitr1 —
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4- Formulation of hard linking approach
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O The water and energy models share a common
objective function of minimizing the total cost

of energy generation and water allocation DAM , hinax
O From the energy model perspective, the most Rret
: . GENERATING
cost-effective solution is to use all hydropower EACILITY TURBINES
available in the current time step with no e e v

hmin

regard for future time steps ﬂTbT

s

[ Reservoir scarcity cost curve is introduced in  Image source: hitps:/www.micro-hydro-power.com/hydro-turbine-
this study to balance the trade-offs between the generator/
water and energy objectives

_EDC(HP(D))
9PN

Si

Q In between the h,,,, and h,,;,, the scarcity cost of
stored water levels could be derived

#


https://www.micro-hydro-power.com/hydro-turbine-generator/

5- Case Study

O Modelled for 28 years at weekly time
step

O Water and energy models linked
through hydropower

O Cost of energy generation in
decreasing order of conventional,
hydropower and solar power
generators
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A Reservoirs

%\,{ Irrigation demand

A .
L | Domestic water
[ ]Hydropower plants ﬁlﬁl demands

@ Thermal plants

@® Water system junctions

g@ Solar panel

—p-Water conveyance
—3> River inflows
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soft linked model setups <‘:.> @

0 Atotal of six model setups are ——

] A) Model setup one (MS1) is a one-way
Im plemented: communication where information transferred from
water to energy model

Q Four soft linked model setups i
(MS1 to MS4)
O Two hard linked model setup
B) Model setup two (MS2) is a two-way communication;

(M 85 an d M 86) energy model used to adjust reservoir operation release on

the second iteration.

Exit Itreation

Itr 2

O Soft linked model uses optimized
reservoir operating rule

O An optimized reservoir operating

rule was developed using multi-
objective evolutionary algorithms

No No
Exit Itreation Exit Itreation

Itr 2

Itr 2
( ) C) Model setup three (MS3) is a two-way communication; D) Model setup four (MS4) is a two-way communication;
similar to model setup two but with different operational similar to model setup two but with different operational
releases rule. releases rule.

U Hard linked model uses reservoir

scarcity cost curve n
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Energy mix and generation pattern

Water- Model Energy Hydropower | Conventional | Renewable
O Thereis a h|gher use of hydropower and Energy Setups Curtailment | Generation | Generation | Energy
. . . . Approach (GWh) (GWh) (GWh) (GWh)
conventional generation in hard-linked than
. MS1 31.2 125 212 105
SOft'IInked mOdeI SetUpS Soft-Linked MS2 30.7 127 210 105
Model Setups | MS3 27 128 213 105
d In MS1, the sum of hydropower and <A A€ 57 >Te o
renewable energy could exceeds the T e - v = o
energy demand Model Setups [ Ms6 05 146 220 105

O In MS1 hydropower generation could
exceed the energy demand
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Energy mix and generation pattern

= === MS1 _Demand Curtailment = === MS1_hydropower = === S1_Conventional

O Anincrease in the use of the hydropower

= = == MS4 Demand Curtailment —=a— MS4_hydropower 4= MS4_Conventional
and conventional generator in hard-linked 60
than soft-linked model setups . N
0 The sum of hydropower and renewable 40 | \
. . [N
energy Is in excess of the energy demand £ Y “
for MS1 compared to MS4 =< N
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Energy mix and generation pattern 14000 |

O Anincrease in the use of the hydropower
and conventional generator in hard-linked |
than soft-linked model setups 4000 |18
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Water allocation

O Hard-linked models allocate more water for
users with higher economic return across
space while the soft-linked models follow
the defined operating rule

O The hard-linked approach responds to
energy demand curtailment by allocating
more water

0 Compared to the other soft-linked model
setups, MS4 allocates higher water to
hydropower generation
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Run time

L MS1 resulted in a lower computational time
compared to all other model setups

0 On average the time spent by the solver in
the hard-linked formulation is lower than that
in soft-linked formulation

U Models with two-way links can be resource
intensive as a result of the iterations needed
to pass data back and forth
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Model Setups

® Integrated water-energy simulator = Water and energy linear program solver
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7- Conclusion
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Soft-linking approach
O Suited for systems that use defined operating rules

U Flexible to implement complex rule-based operation

O One way communication is not suited for energy systems with considerable amounts of solar and wind
energy sources

L High transparency between the model and the modeller

dHard-linked approach

QA lower energy demand curtailment is noted
J Cost-based water resource allocation

L Computationally more efficient compared to the iterative soft-linking approach
0 Requires mixed integers programming to simulate discrete reservoir operation rule
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