Energy audits & management systems:

an opportunity for petrochemical industry
June 9th 2016, SFGP CNAM Paris
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INEOS Europe, head of energy & innovation policy
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INEOS Group value chain

products
raw materials production services application waste
additives generation waste utilisation emissions
energy processing emissions consumption energy
energy
close loops
optimise ops packaging remove
save energy automotive reduce
integrate sites construction recover
retrofit processes health & pharma reuse
- reduce/reuse waste - agriculture recycle
control emissions electr(on)ics return

- cluster facilities - heat & power
manage she data
- share best practices
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Focus: energy efficiency

* EU context 20%  20%  20%
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— energy union 7% 27% 40%
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Energy & resource efficiency

* main issues in industry
— audits & tools
— monitoring & measuring
— data reconciliation & processing
— optimisation & integration
— implementation & investment
— management & training
— research & innovation
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Energy & resource efficiency

* main issues in industry

INDUSTRIAL PROCESS AND
ENERGY SYSTEMS ENGINEERING

INEQS = <{IPESE

INEQCS
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INEQS ¢ MW (i Marsile

FEDERALE DE LAUSANNE

« 2 industrial PhDs at <{IPESE

— energy efficiency & integration
* Stéphane Bungener - 2012-2016

— resource & energy management
« Elfie Méchaussie - 2013-2017

+ 1 industrial PhD at @)( & <{IPESE / o,

— industrial synergies in petrochem ~ H2020 SPIRE
 Héléne Cervo - 2016-2019

» # master theses & internships
» INEOS RDI programme
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INEQOS site studies
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INEOS sites - resource & energy
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Main issues in industry

& tools
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2audits

energy audit (Dec'15)

— EED ~4y

— NF ~4y

energy management system
— 1SO ~3y
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<J answer

energy system engineering

+ systematic & holistic approach QSMOSE
— data collection
— unit/site energy balances
— data reconciliation
— modelling & energy requirement analysis
— process integration analysis (Pinch)
— unit & site scale integration
—ops & mgt recommendations
— ST & LT energy efficiency roadmap
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Main issues in industry

* monitoring & measuring
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monitoring

 # data issues
—myriad, lack, format, losses, TARs, ...
— eg steam consumption breakdown @Lavéra
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<{ answer

data gathering, structuring and validation

data validation

« validation with operators

o calculation of mass balance

o match of preliminary results
with existing findings

data structuring

simple flowcharting

top down approach
site utilities first

[ process unit borders
e user manuals process unit details

e security manuals 80/20 approach
e interviews: 50+ identify key consumers/producers
¢ loss estimations group remaining with assumptions

* measure certainty approximations
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data sources

o process & instrumentation
diagrams: 420+

Main issues in industry

 data reconciliation & processing
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?data processing

* unit & site energy profiles
— eg multi-time adaptation (20 periods) @Lavéra
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<{ answer

data processing methodology minxy 3 (% =k

at. MassBalance(X,Y) =0

Modelling EnergyBalance(X,Y) =0
Thermodynamic(X,Y) =0

I Constituve Equations(X,Y) =0
PENECERC Performance(X,Y,x) =0
2nd iy Inequalities(X,Y) > 0

steam losses

Operational Infrastructure

| Energy efficiency solutions

turbine efficiency follow-up E oo

Modelling of a steam network using data reconciliation as a management tool,
Energy Systems Conference, London, 2015

Hoat load [kw)

&)=-0
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< answer

identify main energy drivers

INECS
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<{ answer

process energetics: KPI & flows

mass exergy
energy financial
INEQS
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Main issues in industry

« optimisation & integration
- implementation & investment

INECS
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< answer

process & technology efficiency

» process flowsheet analysis

* process integration
» composite curves
+ energy usage analysis
» technology improvement

. process modification F

eg heat exchangers

* eg heat pumping 'l /
- eg turbines, ... -
INEQS
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650 ha
« 3 INEOS businesses
« 5 INEOS JVs (50/50)
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INEOS Laveéra - production

 Lavéra production: o —
— refinery: 10000 ktpa " e

— Qityee
— petrochemicals (C2,C3,C4,C6): 155%&39& -
— polyethylene: 270 ktpa _

— polyisobutene: 83 ktpa

— polypropylene: 285 ktpa [ —

— heavy alcohols: 300 ktpa e [

— oxide & derivatives: 215 ktpa — | [
« utility production/consuniFion s .-

— steam & electricity major energ ors

— steam produced on site —

— integrated site — -
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INEOS Lavera - study scope

- indicative steam energy audit = —=
(FR-EN 16247-1/3)

— grey box pinch analysis (process-utility HEX)

A

— energy saving opportunities identification & evaluation

» steam network analysis i,
Gas I

— mass and energy balances, data reconciliation : mcas ) L
| 1

— recommendation on additional measuring devices 1 "™ ;l:
— internal management system [ — :

— monitoring / planning : e g

|| FosloiDomestictron) |
| ————
| I |
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<{ answer
Lavéra site integration
unit heat-& mass/integration- utility-&steam 'rieriworkiintegration
S o | == =3 ==} =T
v . :

at pétrocherﬁ cluster level
- hf.-at recovery okptio‘ns per production process
- inter-process exchange by steam / hot water networks
- steam production : proceéses - waste - natural gas
- combined heat and power

INEOS Laveéra - implementation

* energy review
— areas of significant energy use, KPI’s
— steam consumption allocation

» energy saving opportunities
— high energy savings for some processes
— solution types: - mechanical vapour recompression
- heat exchanger network redesign
- steam network improvements
— also: measurement system improvement / monitoring

* next step: EnMS
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INEOS Sarralbe - site

INEQS

THE WORD FOR CHEMICALS
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INEOS Sarralbe - polymers

» HDPE & PP grades
— 170 ktpa HDPE, 70 ktpa PP
— 2 main process section for each polymer

* polymerisation: reaction and drying
+ finishing: pelletising

» utility production/consumption

— 2 coal steam generators
* HP steam production ca 60 t/h (53 barg)
* 4 pressure levels distribution

INEQS

THE WORD FOR CHEMICALS

u coal
u electricity
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INEOS Sarralbe - study scope

* indicative steam energy audit (FR-EN 16247-1/3)

» steam network analysis
— mass and energy balances, data reconciliation
— recommendation on additional measuring devices
— internal management system
— monitoring / planning

* energy integration study
— grey box pinch analysis
— energy saving opportunities identification & evaluation
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INEOS Sarralbe - implementation

* energy review
— areas of significant energy use, KPI’s
— steam consumption allocation

* energy saving opportunities
— 10s MW of excess heat below pinch point
— heat recovery potential: >10% of actual consumption
make-up water preheating (-1 MW)
heat recovery in 2 other HEX (~1.5 MW)
— additional potential through heat pumping effect
use of ejectors

* next step: EnMS?
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INEOS Ribécourt - site
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INEOS Ribécourt - styrenics

» EPS production ; —_—
— 90 ktpa EPS Silver ' _
N »
» batch process * O

— reaction section: 10 batch reactors (4x60m3, 3x18m?3 and 3x16m?3)
— common treatment line after reactors

Compressed Nitrogen
Air \

« utility consumption
— steam & electricity are major energy vectors A

— steam mostly consumed in reaction section
— steam is not produced on site
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INEOS Ribécourt - study scope

* indicative steam energy audit (EN 16247-1/3)

» energy efficiency optimisation
— grey box '‘batch’ pinch analysis
— energy saving opportunities identification & evaluation

* I1SO 50001 support

— (4.4.3) energy review — internal management system
— (4.4.4) energy baseline — monitoring / planning
— (4.4.5) KPIs — technical report
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X
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< answer

Ribécourt efficiency optimisation

. g 4 K
batch pinch analysis e optimal operation-4s-needed

: k“ . k] S Gy —
Heat recovery e

HT tank
LT tank

—
o buildings heating

L6 solufiBis R, - = s - g
TR heat fecovery by optimal storagé' management. Ny
& - heat pumping for wé§te heat recovery 3 '

R process bqftdin_gs héaﬁng (20%) via heat recovery,_ .
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INEOS Ribécourt - implementation

* energy review
— areas of significant energy use, KPI’s
— steam consumption allocation

» energy saving opportunities
— batch pinch analysis
— indirect heat recovery potential
hot water circuit and storage
* very high steam savings
— also: measurement system improvement / monitoring

e |SO 50001 certified
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Implementation

SWEET SPOTS FOR CO-FUNDED R&D&I
IN THE CHEMICAL INDUSTRY

tech solutions
- efficiency asymptote
1+ time
* effort

14/06/2016
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Main issues in industry

* management & training

INECS
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Management

SO 50001
— PDCA model
— ctd improvement

energy review
energy baseline

energy Pls, targets

energy planning

INEOS

Continual
improvement t
——— >  Energypolicy
| Source: 1SO 50001
Energy planning
agement
eview |
il Implementation
and operation
Monitoring,
—  measurementand
analysis
— Checking -
= Nonconformities,
Internal audit of orrecti rective and

the EnMS

preventiveaction

SFGP-EnA - Greet Van Eetvelde - 09/06/2016 - p.42

14/06/2016

21



Training

 continuous improvement requires
continuous education & training
—onsite, mgt to ops level

—online courses l_ﬁ(j \
It

|
I |

|
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Main issues in industry

* research & innovation
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cross-sector symbiosis

Comn
«««««

eg H2020

® EPOS www.spire2030.eu/epos

| - - M

—$PRE: sustainable process industries E@S

H2020: RE mgt systems
for improved efficiency in Pl
— EPOS: industrial symbiosis
* cross-sectorial synergies

SYMBIOSIS IN INDUSTRY

Efficiency and Performance in process industry Operations

via onsite and cross-sectorial Symbiosis

5 European demonstration clusters

5 global process industries
- . 12 .
- Efficiency wrt resources & energy .
. . Making business and operafions .
* Performance indicators i .

* Operations optimisation
» System thinking
— business & district clusters
— management systems

INEQS

THE WORD FOR CHEMICALS
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Questions

Dr. G. Van Eetvelde
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