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One of the major final energy consuming sectors...

ENORMOUS GLOBAL HEAT DEMAND IN INDUSTRY

H Industry Low-temp heat

. Transpon {Bbelow 150 UC}
- oiling, pasteurising,
Ml Residential 45 % coal sterilising, cleaning, drying,
M Other oo washing, bleaching, steaming,
.................................... pickling, cooking.

Medium-temp heat
(150 to 400 °C)
Distilling, nitrate melting, dyeing,

compression.
30 % Matural gas P

High-temp heat
(above 400 °C)
Material transformation

c .................................. processes.
— g /O Renewables

1 O/o Other

Solar Payback (2017). Solar Heat for Industry, based on IEA statistics and calculations by IRENA. In: Ministry, G. F. E. (ed.). Germany.

15 % oi

...and its share will rise
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Challenge of Global Energy Sustainability

GROWTH IN ENERGY DEMAND IN INDUSTRY Energy efficiency

SLOWED DOWN ) . .
204 first principle

2013

2012
201

In 2014, energy demand
slowed down to 1/3

2010

Remarkable, but ...

the consumption will increase
by 30% before 2040

OECD/IEA (2017). World Energy Outlook 2017.

Alone, not to reduce the increasing demand of fossil fuels and their
enough... associated environmental impact.

Kempener, R. & Saygin, D. (2014). Renewable Energy in Manufacturing — A technology roadmap for REmap 2030. International Renewable Energy Agency (IRENA).
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VANEHIZER Industrial Energy Systems
e Renewable Energy Growth

Total renewables
growth

growth of renewable
60% 3X energy share
of final

Based on current plans

and policies s
By 2050 O
* 60% of final energy supply
By 2030 « 78% of electricity supply
* 27% of final energy *39% in Industry
supply

* 27%- 34% in Industry
Current Situation

* 19% of final energy supply Increasing amount of
v, » 24% of Power generation
Q‘ » Only 9% in Industrial sector energy from renewable
sources

LO1 - 6 Centre for Process Integration © 2019
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° Energy-lntenSIVE IndUStrleS Elﬁlmb‘iclr:edh;:tandpowergemratimhyindustry
account for about 65% of total so17
industrial energy consumption %01 projectons

200

* Industrial CHP is commonly 150 o e

used in large, steam-intensive . other

IndUStrIeS refining

50

paper

2017 , N
2020 2030 2040 2050

50%
40% Combined heat and power generation by fuel
40% billion kilowatthours
0,
30% 30% 250 2017 _
20% projections
20% 200
10% 150 natural
. . a5
o Industrial combined ’
0
Bulk  Refining  Paper heat and power use 100
Chemicals g rows "
m CHP Share for industrial electricity renews
consumption by 2017 0
2020 2080 2040 2050

EIA (2018), Annual Energy Outlook 2018 with projections to 2050, Retrieved from https://www.eia.gov/outlooks/aeo/pdf/AEO2018.pdf
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BFW | ‘

! . HP Steam :
& Condensing HP Steam i—b'u
Turbines Duty B —°
Back-
pressure o—
Turbines CW

A MP Steam

MP Steam X
Duty

LP Steam

Duty

We need to become more energy efficient, but also:

 Phase out fossil fuels and phase in renewables (including waste
to energy)

 Move to a more sustainable basis for process industry energy
systems

 Design and optimization to be based on the full life cycle
Implications of integrated systems
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Introduction of Renewables
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i—

~_ Solar 7
Fuel "
Boiler
Steam from
process
VHP main
Let-down VHP Steam
station for process
BFW
Steam from Back
process ack -pressure
. Turbines
— HP main
=
o
[ Let-down HP Steam
= .
o station QJ for process .
= BFW
S seammom Integration of
=] process
] MP main
Q2
Renewables
8 XI Let-down MP Steam
station BFW for process
Steam from
process
LP main
Condensate Return LP Steam
LP steam for process
Condensate BFW
Vent
Deaerator

Make-up water
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Boiler feed water (BFW)

N
Electric
Boiler
Steam from
process
VHP main

Introduction of Renewables

v

=

Let-down

VHP Steam

A for process
station BFW
Steam from
process BFW
HP main
Let-down HP Steam
station BFW for process
Steam from
process BFW

MP main

Xﬁ Let-down MP Steam
station BEW for process
Steam from
process Brw
LLP main
Condensate Return LP Steam
LP steam Tor prosess
Condensate BFW

Vent

Deaerator

Make-up water

%

~

Hydro

> Switch to electric boilers?

> No need of steam turbines?

> Distributed electric boilers —
greater options?

Centre for Process Integration © 2019
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Biomass

.

Electric Boiler
B

BFW Y Y HP Steam

FW
ﬁB kﬁ by SEw, Completely different
# s |

system configuration
MP Steam

T ‘%jw coan | and operation

Duty B

%E

L LP Steam

‘%’ LP Sieam
Duty
&
Waste -

Which is the appropriate mix of sources and
technologies?

Wind
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Features of Energy Demand and Supply
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Both vary with time and [ocation o
Variability of demands

Energy demand can vary

> hourly during each day (start-ups, shutdowns, process disturbances)

» seasonal during the year (summer, winter, transition)

350 450 p—y—t—r—t EEEEEENEEEEEEEEEEENEEE
IR NN NE NN
300 o | w
| | | | | 1 | | L | | | | | T | — December
§ | ‘ 350 4 1T 1t 1T 1T T (‘\ T r\ 1 February
3 - )
E=] Annual average heat _:'g | ‘ | | \ ! ’ | l | ‘ | | \ | | \ | \ | = March-April &
200 | load (133 MW) . 3=z 250 | October-November
: I
-] ® 0
g 150 T Y D I '\ ____________ 1Tl g ® 200 VA A f I = May & September
& z2 Y Yl RV 71\ \’J\ [
ALLLALLLALLLLLLLLLIT) o Augus!
S = | »//V\‘\J»f
0 T LM
& & N N N N & ~ N N S S S T | r\l/‘\\_./lf
Qg" Qﬁl’ np'f DSPP j U;FP Qﬁ‘ QﬁP f \0;) I N o 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00
P A O I A S A ,P'«“' @'9' q?'\“ '9'\" Monday Toesday ~ Wendsday  Thusday  Fridey  Seturday  Sunday

system configuration
equipment selection (number, size and type)
equipment operation
operation scheduling

Gadd H, Werner S. Heat load patterns in district heating substations. Appl Energy 2013;108:176-83.
Gadd H, Werner S. Daily heat load variations in Swedish district heating systems. Appl Energy 2013;106:47-55.

LO1 - 14 Centre for Process Integration © 2019
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Features of Energy Demand and Supply

The University of Manchester

Variability with time

Operating
A scenarios or
) N periods
£ ft) =T
E £ \
: 2 yd \
= 3 /
® =
3 g
% : /
= =
> ! — ! ! ! — >
Time horizon t B tn Time horizon
Conditions are functions of time various scenarios to represent different

operating scenarios
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Features of Energy Demand and Supply
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Variability of Renewable sources

For efficient exploitation — required overall availability and variability with time.

Biomass - supply varies by year seasons and by bio-waste availability (plus logistics problems).

Wind and Solar - varies more rapidly — in hours and even minutes.

4

Diverse time horizons of the changes

L. 1000 RO =
i Jun
E
= g0} i
2 ool i
2 O E 400 -
E 400 - =
% 00 |- -
5
= Ll . L . f A P B | y 1 1 | i 1 | [
0 >4 6 8 012 14 46 8 00 12 4 o 8 0 B 14 6 I8
(a) Solar time [ )
Time of day/h
Clear Day Cloudy Day
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Features of Energy Demand and Supply
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\ Multiple time frames

Variation of energy supply

Diverse time horizons

A\ 4

Seasonal periods

Variation of energy demand

Season 1 Season 2 Season t

inter-seasonal

Expected operational condition

periods
—
> —
Combined time periods
ILi | | .
thr t2 3 ity b4 .. Time horizon

but also...

{4 Ty " &  Time horizon

LO1 - 17 Centre for Process Integration © 2019



Integration of energy storage
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wEm E
|aw
L\
Steam

o 1 Accumulator | » Type?
.. L @) > Size?

S5

—> —
4 2
vy

Pumped
Hydro

Liquid Air

<

A4 o

Hot Waterﬁ A

Integration of thermal and/or electricity

Batteries

@~
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> Centralised?

> Distributed?
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MANCHESTER
1824

The University of Manchester

Site Utility Systems

New Paradigm for Industrial Utility Systems

Time Slice 1

» Multiple time frames .
> Integration of renewables e
» Integration of energy storage
and... g

> Maximize energy efficiency i

) 4 I 1 Renewables
» Based on full life cycle % |
No ‘one size fits all’ solution

Necessity of...

Integration Challenge

LO1 - 20

Time Slice 2

From Boilers (VHP)

Renewables

Y

Renewables

!

Storage

Renewables

3

Time

Slice 3

From Boilers (VHP)

Renewables

N

B —Cmm ©)— e o= @
Storage Storage Storage Storage

Renewables

!

Storage

al

= —©)
Slo‘raga

Renewables
!

: : | :

LP Steam @—)‘Lﬁasm @—)‘ﬁham @

Storage Storage Storage Storage
1 w | ' 1 1

methodology

4

Extent the current Total Site

Redesign the utility systems

Centre for Process Integration © 2019
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Site heat & source
sink profiles

Site power
requirements

Design and Optimisation Framework

Fossil and renewable energy sources

A full range of energy conversion technologies
Steam and hot water storage

Power storage

¥

Design of (distributed)

Design and utility system
Optimization
Framework Utility system

operating strategy

L)

Constraints on utility options

Time dependency for utility options
Life cycle costs

Sustainability constraints

Use framework to develop road maps to
evolve existing systems to future
demands in a sustainable basis

-

Centre for Process Integration © 2019
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4. Summary

LO1 - 22 Centre for Process Integration © 2019



MANCHESTER Summary
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« Paradigm change required for the design and
operation of industrial utility systems
» Integration of renewable energy sources and
technologies (including waste to energy)
» Use of energy storage where appropriate
» Distribution of utility systems where appropriate

« Tool requirement for the design and optimization of
future industrial utility systems taking a wide range of
options:

» Accounting for time variability
» Constrained by sustainability criteria
» Based on life cycle costs

LO1 - 23 Centre for Process Integration © 2019
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1. Site utility targeting

- More realistic and accurate utility targets
- Optimum steam level placement

2. Site utility system synthesis (with redundancy)

- System configuration and operation scheduling
- Equipment selection
To deal with variable demand and uncertainties

3. Integration of renewables, waste to energy
systems and energy storage

- Analysis of different energy sources and technologies
- Development of simplified linear models

4. Implementation of the life cycle assessment

LO1 - 25

To develop an integrated
decision-support
methodology and tool

capable of designing and
optimising sustainable
networks

Centre for Process Integration © 2019
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2. Cogeneration targeting
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Extensive literature for cogeneration targeting in utility systems
But..

- present a number of limitations and drawbacks
- restricted the scope of the options included

g

Fuel  Boiler HRSG
T \ “‘ FaRY VHP
'y ., NI
\
_______________ L %
' %)
Steam superheating \ £ HP
___________ N ~
\
B i ) 2
.\‘
BFW preheating N, @
\ MP
. - —
\ . .
_________________ BB - L@
[ . ~ 7/
> X B}
nuse H = LP
pout _.- 7 - @'
- Condensate H
Ven
® Flash Steam
% @ U Recovery
Deaerator To Deaerator
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Extensive literature for cogeneration targeting in utility systems

But..

- present a number of limitations and drawbacks
- restricted the scope of the options included

Unrealistic
energy targets
for the site

g VHP
\ JRRY _H; VAR
Steam generated N N
S ST w B ] ]
steamused § - - A@ MP
~
I'4
S

Not straightforward to calculate

Qj"’ﬂ-.\'\
Vent ‘\

- - l. ® Flash Steam -

e ) > @ . Recovery |
' \ v :
. /
To Deaerat

ator .
7’

.
=
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Steam mains conditions

Do we have our steam mains at the
correct pressure?

( fa)oA_ . " Do we have the correct number of
360 steam mains?
320 Steam Generation i Steam Use
280 i
240 :
200 | Trade-off
160 |- fuel use and cogeneration
120
80
40 |
0-4{.)0 -360 -260 -160 0I 160 260 360 54

(MW)
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3. Design of utility systems
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Reliability at design stage
Conventional optimization
Obijective:

» Determine type, number and size of new units
and For variable demand
» their operational conditions
BUT...

For synthesis of utility systems it is also required to consider...

Additional operating situations ‘ Operational

(normal, maintenance and failure) flexibility

> to reduce the overall cost of maintenance and losses due to failure

» to overcome utility demand and operational uncertainties

LO1 - 31 Centre for Process Integration © 2019
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Reliability and redundancy at the design stage

Number and size of units

Large units at part-load operation during most of the time (Active redundancy)

or... D

Several small units at full-load, one switched off (Passive redundancy) "

» Bigger size - more efficient but... partial-load — less efficient

» Lower number of units — less expensive but... less number of units — less reliable

-

) P — - ~ ~ ~

LO1 - 32

100% 100% 100% 100%
BFW Load BFW Load BFW Load BFW Load
Fuel - Fuel Import 20% Fuel Fuel e L 3 Import 0
Boiler Boiler s Boile Boiler Boil
Steam from Steam from
process proces:
VHP main VHP main
Let-down VHP Steam
JHP Steam station [ 100% 80% for nrocess
d h §80% f for process oad 0_Loadf!
oad BFW Steam 1 BFW
Steam from am from
sssssss process i
HP mai HP main
Let-down HP Steam
80% HP Stegm station II for prot
e for process cad BFW
= BFW Steam from
Steam from process
process MP main
MP m:
HP Steam
HP Steam BFw for process

BFW for process

Centre for Process Integration © 2019
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Reliability and redundancy at design stage

Type of units

More units of the same type ’?
or... -

More units of the different types, but performing the same function

- Multiple design and operational degrees of freedom

Complex
optimization

- Variables highly interrelated

LO1 - 33 Centre for Process Integration © 2019
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4. Methodology
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To provide a more realistic and accurate heat recovery and power

targeting for synthesis of utility systems operating at optimum
conditions for future utility systems.

» Able to determine:
v' Optimal steam main operating conditions
v" Utility system configuration

» Account for:

v

<N X

Full and partial load performance of equipment
Different type of equipment: Gas turbines/HRSG, Steam turbines
More realistic conditions (steam superheating and de-superheating)

Process steam generation at different conditions from the steam
mains.

Minimum Total Utility Cost (TUC)
Minimum Total Annualized Cost (TAC)

LO1 - 35
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Objective Function:

Continuous Variables:

Integer Variables:

Constraints:

Solver:

LO1 - 36

MILP Optimisation

Model Formulation

Minimise annualised cost
min TAC= CO+CC
Operating costs: Fuel, electricity, cooling water and treated water
Capital costs: Boiler, HRSG, steam and gas turbines, deaerator,
hot oil furnace

Steam mass flow-rate
Heat Loads

- Potential steam levels for each steam main
- Equipment selection
- Equipment operation

- Energy and Mass Balances in the steam mains

- Energy and Mass Balances in the deaerator

- Minimum equipment load

- Only one steam level can be selected for each steam
main

CPLEX in GAMS

Centre for Process Integration © 2019
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How approach the problem?

Successive MILP

formulation

A GAMS

System

System optimization

simulation

FOR

EXCEL

iy

User
specifications

LO1 - 37

Methodology Approach

General Framework

Data Specification

Potential Steam Levels
Determination

N
MILP Optimisation

v

Steam mains' superheated
L temperature calculation

v

No
|Tassum Treall <€

Yes

Cogeneration targeting
with optimum steam
level placement

v

Centre for Process Integration © 2019
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Cascading of Total Site Heat
Based on a new transhipment method

W %
s —> Steam levels .
5 ] Cascade VHP levels

T [°C]

A Fuel t Steam mains
Source l l Sink
Cascade Q % Cascade
N _
IIIZIﬁﬁﬁﬁ:::;}’_ﬁ/ﬁﬁﬁ:::: — LI:I """ '
it oaEEE LT EEEErr - ;' -
/ """"""""" A [ﬁ 1] N—
] w [ﬂ ]
""""""""""""""""""""" i ' —
"""""""""""""""""" [ N
D v—— — —
5 |
"""" / B _ & 1 (R
___________________________________ S -
I S ————— — —
II;?_/IIIIIIIIIIIIIIIIIIIIIIII i tﬁ:::: !
v i) j oI
@«—J s % * Potential steam
L — g levels

>
H [MW]
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> Main Constraints

Heat Source Cascade
» Steam generated from BFW conditions to superheated conditions

H + R, = H + R

RH.'-U
Hyj J’ 7 \\> Residual heat (R") is passed to the next lower temperature interval
or the cooling utility
N TR
- t _ . H H BFW
e eyt = mlly - (Hot = HEFW)

ij

Heat Sink Cascade

> Steam used is desuperheated (Injection of BFW) (Q3FW)

use C . main BFW¢  yyBFW _ .. Cin . c c
o g Hng Ay o HEEE =y e \Hop j = Hy

» No residual heat flowing across steam mains
C Cc L
B Parameters R, —=UC(1-y/)<0
Bl Continuous variables

B Integer variables
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Case Study 1

Background
* Afive-plant site

« Synthesis of a utility system to satisfy site
thermal and electrical demand

e 3 distribution steam mains

Objective
e  Minimum annualized cost

Constraints

Max and min allowed utility temperatures
Maximum electricity import 1 MW.
Maximum electricity export 5 MW.
Equipment load and size.

No available steam imported or exported
to or from the system.

— Steam generators spare capacity: 30%

- -350.00

LO1 - 41

Total Site Profile

300.00

— Source Profile
— Sink Profile

Temperature [° C]

minimum allowed temperature of steam

50.00
-250.00 -150.00 -50.00 50.00 150.00 250.00
Load [MW]

Centre for Process Integration © 2019



MANCHESTER

1824

The University of Manchester

‘Conventional’ design

Optimised design

Case Study 1

Pressure Temperature Pressure Temperature Natural gas price: 20.6 £/MWh
[bar] [°C] [bar] [°C] Electricity price:
100 501.4 100 530.1 - Import 86.0 £/MWh
40 311.8 37.8 377.6 - Export 78.8 £/MWh
20 282.8 13.1 253.8
5 171.8 3 154.0 [————— ===
1 =9 % overall
i1hiti 1 Natural gas Natural gas I energy redUCtion
Utilities consumption ouress| 3 wage| 5 YR
ICurrent: 42.000 t'h Capacity: 300.000t/h
éé ICapacity: 70.000 t/h
Treated water [t/h] B 11475 — VHP main 530.1°C
e ] 11895 % 2_909 MW 14.533 MW 19.737 MW 100.0 bar
ing utili E— 225,55 | G = &)
Cooling utility [MW] (243,95 T e Grmaseen —_
Source 37.8 bar
Power Generation [M\] W 40.6 Heat ®
[ ] wed 40 Processes eses1t/h0l049t/h 11.868th 123.981th @* Sink Heat
. Current: 118.177 th
Fuel consumption [MVy] E—-———— 233.38 2100°C__ WP main 514210 Capasiy! 118177 un 25380 Processes
1 25889 XD 5.108 MW 12.6 bar @
0 50 100 150 200 250 300 ‘@%51.105% :ICu"em: 22864 U . 92:.;:6 th' 171435 th
154.0°C | p main 15228 th Capacity: 22.864 t/h Capacity: 103.923 th 154.0°C
- - - 3.0 bar
i Optl m ISed DeS|gn w E 63.171 th %CW: 13.222 MW 1.783 th 108.868 t/h @
- - Condensate .0 °
s Conventional Design e T LS
—Site Electrici Site costs:
wova By | msn ey e
Deaerator wi"r:;)s_“e-“g-gg e F_T_uel HgtOiI: %.%52 r;\/lﬂm/y
. B o : . reated water : 0.l )
Costs [M£/y] Conventional Optimised Cooling Water ~ “pee" et oot || Coolnguatr 2:;;%’,{
Operating Costs 50.08 44.82 [Total Annualised Cost: 5842 MS)y |
Capital Costs 15.20 13.50
TAC 65.28 58.32

LO1 - 42

Optimal design

Centre for Process Integration © 2019
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Variation according to the location and type of industry

ek e  Industries eligible for:
NEEINES « Compensation
[€/MWh] Norway* 36 75  Tariff reduction

Electricity UK 130 160
[€/MWh]

Norway 41 80

Source : Ecofys 2016 by order of: European Commission
Final Report “PRICES AND COSTS OF EU ENERGY”

Scenarios to analyse:

Ratio price

Case Scenario Natural gas| Electricity Natural gas
[€/I\/IWh] [€/I\/IWh] 9

/Electricit

I Non-elegible UK 5.00
B \on-elegible Norway 36 41 1.14
B E cgible UK 60 160 2.67 > Similar ratio
B Elcgible Norway 75 80 1.07
*The exact data for natural gas price is not available so an average of the Scandinavian countries values has been assumed for the analysis

LO1 - 43
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Sensitivity Analysis
Costs [M€/y]

150.00
100.00
1 B
Fuel cost Operating Capital Cost TAC
-50.00 cost
-100.00
mCasel mCase?2 mCase3
VHP Steam [t/h] Power Generation [MW]
300.00 140.00
250.00 120.00
100.00
200.00 163.08 144.77 \a07s 50,00
150.00 : '
60.00
100.00 40.00
50.00 . 20.00
0.00 0.00
Case 1 Case 2 Case 3 Case 1 Case 2 Case 3
m Boiler m HRSG m Steam turbines  ®m Gas Turbines
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Conclusions

» The proposed methodology for site utility targeting with steam level
placement is efficient.

v" Incorporate many realistic features not previously included.

v Important reduction of the total energy requirement at the
site compared to a conventional design.

» A sensitivity analysis has been performed to evaluate the utility
system design towards the variation in key market parameters,
such as the utility prices.

No ‘one size fits all’ solution

LO1 - 45 Centre for Process Integration © 2019
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Background
« Total site energy demand

« Synthesis of a utility system that satisfy
the thermal and electrical demand T e |

- - Total Site Profile — Souree Pofle
Objective 35000
* Minimum total annualized cost 30000

Constraints

Maximum allowed temperature of steam

.5_-— ------------- HP?
% MP
Utility temperature constraints % b
Which is the appropriate hot utility i Moo === ="
combination?
How many steam mains? 50.00
Maximum electricity export 5 MW.
Equipment Ioad and Size. -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00

Load [MW]
THO supply : 300 °C

ATHO in-out : 90 °C

LO1 - 46 Centre for Process Integration © 2019
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Case Study 2

MP

EL

HO & 2 steam mains

pressure

Steam Power
generation
[t/h] AW

75.90

generation

Power
generation per

unit of boiler
MW h/t

0.097

Hot Oil
Fuel Fuel Natural gas l
uel gas uel gas 8.045 MW 6.709 MW
49.271 MW Boiler 1 20.965 MW Boiler2 | Current: 26.033 th
Current: 61.189 t/h Capacity: 43.388 t'h
é § Capacity: 70.000 t’h
— VHP main 4958°C
0.519 MW 6.949 MW 90.0 bar
Xﬁ I@I |@|
§§§ g;gge;é/h Current: 17.614 t'h
- HP main Capacity: 17.623 t/h 332.7 °C
Source 0.838 MW 39.9 bar
Heat Xg . @. .
Processes 1460y 15671th — Sink Heat
@ 10.326 U Current: 25.110th | Current: 69.609 th Processes
218.9°C | MP main Capacity: 44.549th | Capacity: 69.609 th 271.8 °C
] 1,045 MW 15.2 bar @i
0.085 th 6568 yh 93276 th
@ 24.685 th Current: 18.335 th
150.5°C | | p main Capacity: 31.868 thh 150.5 °C
2.74 bar @
E 19.194 t/h 24.220 t/h
o Cond " 55.0 °C 0.394 t/h
ondensate Ty 119.850 th
. ar Condensate return
8.208 MW from processesu
152.361 vn& 119.850 th —Site Electricity Site costs
120 °C 80°C . Fuel : 3.01 MMS$ly
Q Deaerator W on-site: 9.35 MW Fuel Hot Oil:  0.65 MM$/y
Wimp:  16.65 MW Treated water : 0.02 MM$/y
i 14.276 th W exp : 0.00 MW Cooling water : 0.11 MM$/
Cooling Water 20°C Losses:  1.01 MW ng water: 2. e
: . Electricity: 2.86 MM$/y
l Total Annualised Cost: 11.47 MM$/y

Optimal design configuration
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Operating costs [M$/y] Capital costs [M$/y]
Treated water cost | 8:85 Deaerator : 8:82
Cooling cost 331 0.35

218 Steam turbines g "1%
PO COS R 2.86

g 0.56
Hot oil-fired heater
Hot Oil fuel oSt s 065 -2 B 033
) : 3.58
Boiler fuel Cost o —_ 301 BTSN 3.00
0 1 2 3 0 1 2 3 4
HO & 2 steam mains m®mHO & 3 steam mains HO & 2 steam mains ® HO & 3 steam mains
. Operating cost Capital Cost TAC
Options [M$/y] [M$/y] [M$/y]

O &3 stear mams
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Conclusions

» There is a trade-off between the costs savings due to reduction of

the boiler demand, and the power generation potential by steam
expansion.

» High complexity of the superstructure gives rise different
configurations with very close costs.

» Due to the close costs for the two configurations, further analysis of

the implication costs of an additional steam main should be
performed prior its implementation.
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Background

* The system’s energy requirement changes seasonal and daytime
« In addition, the price of electricity change

i Total Site Profile — Souree Proie
Total Site Profile — Source Profile 350,00 ink Profile
350.00 — Sink Profile
300.00 0\\

300.00 N

__________ PRI

1
I
1
I
1
I
1
I
1
I
1
0. I

&
o

: 2

1

200.00

Reduction in the
demand

150.00;

Increment
in the surplus

Temperature [C]
'I'pmperature [C]

100.00

50.00
50.00
-60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00
-60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 Load [MW]
_ Load [MW] :
Winter period Summer period
Heatln demand \Y 83.024 68.215

Cooling demand [M 44.710 61.913
Power demand [M 25.000 30.000
Electricity Price [$/MWh 30.00 20.00
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S: 8.805 MW
W:10.261 MW
Hot Oil | Hot Qil
| Natural gas
Natural gas
Fuel gas Fuel gas 6,045 MW 6.700 MW Fuel gas Fuel gas
49271 MW Boferd 20.965 MW Boier2 | Gurrent: 26.033 th Boiler 1 Boiler2 | Summer: 30.576 th @1
Current: 61.189 th Capacity: 43.388 th ngmer: 42.000 th W\nterf 23.527 th
(Capacity: 70.000 th inter:  60.482 th Capacity: 39.212 th
@ pacly: 10/ . Capacity: 70.000 th 5300°C
— VHP main 495.8°C " VHP main ,
. 90.0 b:
0.519 MW 6.949 MW 90.0 bar Summer: 1.421 MW Su_mmgr. 3.743MW ar
b Summer: 32.464 th Winter: 0.697 MW W"“e" 6.901 MW
@Winter: 21.706 th
;167260(1:“1 Current: 17.614 th 2702°C ] Summer: 33.052 th )
L /20, HP main Capacity: 17.623 th 332.7°C T HP main Winter. 19638 ti 353.1°C
Source 39.9 bar 0049 th Summer: 0.863 MW 39.9 bar
Heat i 0'838 mw @ Source ' B Winter: 1.677 MW W
Processes 15.671 th i Heat . S:10.461 th &~
10326 th 1.460 th Sink Heat P ) S..1.17B th W: 15.706 th Sink Heat
é; - Current: 25.110th ' Current: 69.609 th Processes rocesses Summer: 18.114¢h | S 14.963t/h W: 1.769 th Processes
/= 2189°C_ MP main Capacily: 44.549th | Capacity: 69.609th _ a71.8°C Winter: 10.326th W 9:051t/h Summer 39.524 th
XD 1,045 MW 15.2 bar L 2189°C | MP main Winter: 64.371 th 308.7°C
posen gseth 932761 ‘@/—‘t e — @
@ fgbegfgh Current: 18.335 th 5:0.000 t/h sezpun 5 S0828Ih.
- LP main Capacity: 31.868 th 150.5 °C Summer- 28884 th | V13N W-9.507¢h V93
2.74 bar ‘{%igtgr;g“-ﬁ% th Summer: 10.122 th
; 19194 th 24220 th @ =- : LP main Winter: 17.142 th 150.5°C
0.39% th JRE
Condensate 55.0 °C 274 bar
118,850 th g S: 17,583 th
0.123 bar Condensate retum & $:21.832 th . -
8.208 MW W:19.223 th S:0.303th  W: 24.244 th
. from processes o Condensate 55.0 °C W:0.418 th
152.361 Uh& 119.850 th Site Electricity Site costs 0.123 bar Condensate return
120°C 80°C Fuel: 3.01 MMSly S:10.646 MW from processes
W on-site : 9.35 MW " W: 8.208 MW
Deaerator ( Fuel Hot Oil: ~ 0.65 MMS$fy .
Wimp: 16.65 MW . S:97.984 th
Treated water : 0.02 MM$ly .
X 14.276 th W exp: 0.00 MW Cooli ter: 0.1 MMS) 120°C W: 120.028 th
Cooling Water 20°C Losses:  1.01 MW oolng water - 7 Sy Deaerator 0
- : Electricity: 2.86 MMS/y 80°C - —
Cooling Water S 43134 th Total Cost: 11.93 MM$ly
Total Annualised Cost: ~ 11.47 MM$ly 9 W 12%228 th

Optimal design configuration

steady state
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6. Conclusions and future work
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» Energy requirement can be further reduced by holistically

optimising the steam mains operating conditions and the site
heat recovery and cogeneration.

» Utility systems synthesis is sensitive to the variation of the

utility price, restrictions of power import and export, and
seasonal variations.

» Current methodology shows the necessity of integrate:

- Low heat temperature technologies, for a better utilization
of the heat

- Energy storage to smooth the demand variation, and
decrease the equipment size =
. o . . % ‘
» This work lays the foundation for a systematic
approach to explore the next generation of

sustainable utility systems. \
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» Multi-period analysis,
considering redundancy
and taking into account
uncertainties.

Integration of different
energy
technologies,

energy storage.

sources and
including
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