- -
——77 I\

Fostering renewable energy
Integration in the ndustry

RE INDUSTRY

March 2017

IEA-RETD(

eeeeee ble Energy
Technology Deployment



ABOUTTHE IEA RETD TECHMN®Y
COLLABORATION PROGVRWAE

The IEA REechnology Deployment Technology Collaboration Programme (IEA RETD TCP) provides a
platform for enhancing international cooperation on policies, measures and market instruments to
accelerate the global deployment of RE technologies.

IEA RETD TCP aimstapewer policy makers and energy market actors to make informed decisions by:
(1) providing innovative policy options; (2) disseminating best practices related to policy measures and
market instruments to increase RE deployment and (3) increasing awareinesshort, medium and
longterm impacts of RE action and inaction.

For further information please visit: http://iea-retd.org or contact info@iearetd.org
Twitter: @IEA_RETD

IEA RETD TCP is part of the IEA Energy Technology Network. W gneray) technoloay

Network

Accelerating results for 40 years

DISCLAIMER

The Technology Collaboration Programme for Renewable Energy Technology Deploym&ETIEA
TCP), formerly known as the Implementing Agreement for RE Technology Deplo{fE®RETD),
functions within a legal framework created by the International Energy Agency (IEA). Views, findings and
publications of IEA RETD TCP do not necessarily represent the views or policies of the IEA Secretariat or
of its individual Member Countrg

COPYRIGHT

This publication should be cited as:

IEA RETD TCP (20IH9steringRenewable Energytegration in the industry (RENDUSTRY)EA RE
Technology Deployment Technology Collaboration Programme (IEA RETD TCP), Utrecht, 2017.

Copyright © IEA RBTTCP 2017

(Stichting Foundation Renewable Energy Technology Deployment)

I EA_ R ET D > ?:;:r‘::)alglgey?eegﬁ));ment


http://iea-retd.org/
mailto:info@iea-retd.org

ACKNOWLEDGEMENTS

The Authors would like to thank the IEA RETD TCP Project Steering Group (PSG) members who
contributed to the success of this study.

Project Steering Group

Michael Painescu NRCan (CanadalProject Steering Group Chairman

Cédric Philibert IEA Secretariat

Manon Gerbaud  ADEME French Environment and Energy Management Agency
Frédéric Streiff ADEME French Environment and Energy Management Agency
Kristian Petrick IEARETD Operating Agent

Coraline Bucquet IEARETD Operating Agent

David de Jager IEARETD Operating Agent

Interview Partners

Sandra Guijarro (Codelco), Shiga Keiko and Yasuhiro Takemura (Sony Corporation), Harry Pettit
(Pepperidge Farm), Yongqing Zhd®ginrain),Ole Rasmussen (Brewery Vestfyen), Jeles Aagaard

Jensen (FocusBioEnergy), Ulrich Dammans (Colruytgroup Energy), Rebecca Alty (RioTinto), Mohit
Varshney (Rio Tinto), Iris Meyer (IBC Solar), Friedhelm Widmannn (&lafad,Herro (Glasspoint),

Kaitlyn Finegan (GlasspoinBhilippe Baut (Satmar), Hadrien Margolis (Roquettédrael Tinkasimiire
(GeocycleHima Cement Ltd LafargeHoloh Group), Christoph Brunner (BEMNTEG)Andreas Wermer

(Gos Brewery

AUTHORS

Lead Author

Inés Galichon, ENEA Consulting e n e 0

Pierre Dennery, ENEA Consulting ,
energy committed

Contributing Authors

Emmanuel Julien, ENEA Consulting (Partner)

Damien Wiedmer, ENEA Consulting | ‘%
Etienne Martin, Kerdos Energy ’

. SOLUTION
Benoit Touokong, Kerdos Energy CENTRE

Jean Baptiste Brochier, for ENEA Consulting

I EA_ R ET D ' ) TR:::r‘:\:)al(t))lgeyEI)neeprlgo);ment


mailto:dr.rane.jayashree@jains.com

REINDUSTRY Policy Recommendatiarport, March 2017

TABLE OF CONTENTS

LISt OF fIQUIES ..o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s s e s s aaaaaaanns 3
EXECULIVE SUMMIALY.....ce ittt ettt e e e e e e e et e e e e e e e e e e e e e e nnnr e e e e e e e annnrnnes 4
(€10 FTST= T /R 8
T 10T [V T} 1] o PSRRI 9
1. L] 1 oTe (o] [oTe VTP PP PPPPP PPN 11
2. Case STUAY SUMIMALY.....coiiiiiiiieiie e e e e e e e e e e e e e aaaaaaaaaaaaeas 14
2.1. Drivers differ widely aCroSs PrOJECIS.........coooiiiiiii i e e e e e e e 14
2.2. Environmental benefits of RE heat and power productian............ccccoeevvveeeeeeennniienne. 15
2.3. Different levels of integration are posSIible..............cco oo 15
2.4. Financial support is not always RequIted................oooi oo 19
3. Main issues for integration of renewables on industrial SiteS.........c.ccccvvvvviiiieiiiiiieeeeenennn. 20
3.1. Energy production regulatory regime.........ccccccuuiuririiiiriiiiiirerrerrrerreeeeee e e e seaaaaaaeaeaaaeaaeens 21
T I TST ST U 1= L PP RPN 21
Lessons learnefbr iNAUSLIAl CTOIS.........uuuriiiiiiiiiiiiieiceer e 22
Policy reCOMMENAALIONS.........cooi i r e e e e e e e e e e e e e aaaaeaeaaeaeeeas 23
POSItIVE EXIEINAIITIES.......ccc i e e e e e e e e e e e e e e e e e e e e e e e e s e e e s s e e e e e rnnanes 24
3.2. Operability and INEGIatiON.............uuriiieeiiiieie e e s annreeee s 25
o1 I TST ST U 1= L PP PR 25
Lessons learned for iNAUSErial 8CIOIS........uuuiiiiiiiiiiiieiieeceeee e 27
POlICY r@COMMENUALIONS......eeiiiiiiiiiiie it e e e e e e r e e e e e nn e reaeeean 28
POSItIVE EXIEINAIITIES.... ..o e e e e e e e e e e e e e e e e e e e e e e e e e s e e e s e e s e s e ennanes 29
G TR TR [ 1V TS 1= o PP 30
=Y ST =T TSP PPTUOPT 30
Lessons learned for iINAUSErial 8CIOIS........uuuuviiiiiiiiiiiiiiecieeeeee e, 31
Policy reCOMMENAALIONS.........coo e e e e e e e e e e e e e e aaeaeaaaaaaaaaaaas 31
POSItIVE EXIEINAIITIES.......oii e r e e e e e e e e e e e e e e e e e e e s e eaaseesaaaanannnnnes 32
3.4, REtUN ON INVESIMENL......ciiiiic e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s s e s s saaasannnnnes 33
MAIN ISSUBS....ieiiiiie e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa e e e e aaeaaaaana 33
Lessons learned for iNAUSEIial @CTOIS.........uuuuiiieiiiiiieiieer e 33
Policy reCOMMENAALIONS.........coo e e e e e e e e e e e e e e e e e e e e e e aaeaaaeas 36
POSItIVE EXIEINAIITIES.... ..o e e e e e e e e e e e e e e e e e e e e e e e s e e e s e e e e e eananes 38
3.5, RISK QN INSUFANCE.....eiiiiiiiiiiiiee et e e e e e e e e aeaeeaaaaaaaaeeens 39
MAIN ISSUBS...eeii it e e e e e e e e e e e e e e e e e e e e e e aaaeeaaeee s e e s s aeaaananas 39
Lessons learnefbr industrial aCtors............evvveveeeiiiiiiiiiiiieecececccvnevvneneeeeenn A0
POlICY r@COMMENUALIONS ......eeiiiiiiiiiiii e e e e e et e e e e s s eeaee e 41
oS LA (=T 4 F= 1= 42
3.6. Contractual scheme COMPIEXITY.......covviiiiiiiiiiiieeieeeee e A3
VBN IS S U ..ttt e e e e ettt e e et e e ettt et et e e e aeee et e e et bbb e eaeeeeeeeee s e s bbb eeeeeaeseeeessssnsnnnanss 43
Lessons learned for industrial aCtOrsS...........uvciiiiiiii e A3
POliCY reCOMMENAALIONS......coi ettt e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaeeesd 46
POSItIVE EXIEINAILIES. .. ..ceieiiiiei e e e e e e e e e 46
I J A [=Tod o T g o] (o0 |V o £ F= 1LE | 1 PRSPPI 46
o T T ST U= O 47
Lessons learned for industrial @CtOrS...........uuvvveiieiiiiiieiiiiiiiiecceeeeeeeeeeeeeeeee e 0T

I EA_ R ET D ) ?S::rmalslgey?:;ﬁ){lment



REINDUSTRY Policy Recommendatiarport, March 2017

Policy reCOMMENAALIONS.........cc o e e e e e e e e e e aaaaaaaaaaaaaaaaead 48
POSItIE EXIEINAITIES. ...ttt e e e e e e e e e e e e e e e e e e e s e eaa e e e s e e e e aannnnnes 49
R T T T (=T 1= P PP PP PP TP TP TP PP PP 50
= U TS [ PO PRPPPOPPPPPRPR 50
Lessons learned for iNAUSEIiAl BCTOIS.........uuuiiiiiiiiiiieiiiei e 51
Policy reCOMMENTALIONS.........coo i e e e e e e e e e e e e aaeaaaaaaaaeaeeaas 51

4, Foas on three innovative Policy Recommendations.............ueeveeieeiieeiiieiiieeeeeeeeeeeeeeeee, 53
4.1. Providing 108N QUAIANTEES .......cciiiiiiiiiiii et e e a e e e 53
4.2. Fostering third party power ProdUCEES..........cooviieiiee e 55
4.3. Promoting policy experimentation on egarks and pilot projects..............cccooee e 57
5. L= =TT T = P 59

IEA-RETD () Eimoeey veriymen



REINDUSTRYFinal draft report, Marcl2017

LIST OF FIGURES

Figure 1. Breakdown of listed and selected projects by geography, industrial sector and type of

LETe3 01 001 [o e Y AP P TP PP PPPRPPPPPP 12

Figure 2. Overview of the 21 selected case StULIES........ccccocciiiiiiiiiiiee e 13

Figure 3. Diagram of the Munster Joinery wind turbines and @$@lation in Ireland...................... 16

Figure 4. Diagram of the Dan Chang sugar mill and cogeneration plant at Mitr Phol factory in Thailand
LS 01U (oI 00T =T o ) TSR 17

Figure 5. Diagram of the renewable energy supply of Heineken Gdss brewery (Austria)............ 18

Figure 6. View of Dan Chang Cogeneration Plant (Credit: CQgen3).........cccccvuvrrreeeeriiiiinneeeeennnnne 22
CAIdz2NBE 7 h@PSNBASG 2F . Nrdz ! yA2y maidSNNBAOKQA DI
..................................................................................................................................................... 27

Figure 8. Diagram of the RE project at the BMW Spartanburg plant in the.US................cccceee. 28

Figure 9 . View of the solar PVant at Pepperidge Farm (Credit: Pepperidge Farm)..................... 31

Figure 10. Diagram of the Jain Irrigation System Ltd plant andidpdster...............cccccvvviviriieeneennnee. 35

Figure 11. Simplified diagram of the seawater heat pump at SATMAR plant in Aude (France)...36
Figure 12. View of Jiangsu Changshu Jinhong printing and dyeing Plant (Credit: Sunrain)........ 40

Figure 13. Solar PV project at Wheal Jane, Cornwall (Credit: Lightsoutce RE)......................... a4
Figure 15. How Blockchain workgL2] ¢ Credit: World Economic Forum............ccccovviviiieneeennnnee. 45
Figure 15 bis. Overview of the Brooklyn Microgrid Prdjg8} ¢ Credit: pwe...........ccooeeeeeecivinnnnnnn 45

Figure 16. Simplified diagram of Step 2 project at Colryut site in Halle (Belgium) supported by the
9dzNR LISy wcCdzSt /Stfta FyR |.2ARNRIASY.W2AY.04. L. ARSNII 1.

Credits Noun Project IconRico Reinhold, Icon Island, Sitchko Igor, Davo Sime, Seuk Eumeu, Alexander
Skowalsky, Carla Dias, Justin Blake, Ana Mamia Marcias, Lizzy Gregory, Gilad Fried, Iconathon, Peter

van Driel, Hea Poh Lin, Symbolon, Lloyd Humphreys, Art Shop, Arthur Shlain, Mary Kosyakova, Fabio
Rinaldi, Jhun Capaya, Creative stall, Chameleon Design, Patrizia Daidone, Leonardo Schneider

I EA_ R ET D ) $::her‘:)alslgilg[)n:;lgoyyment


https://ecofys.sharepoint.com/sites/C003/IEA-RETD/WorkEnvironment2013/02%20Projects%20RETD/0%20RE-INDUSTRY/05%20Deliverables/Final%20deliverables/RE-INDUSTRY%20-%20Final%20report_vfinal%20-%2020170322.docx#_Toc478136819
https://ecofys.sharepoint.com/sites/C003/IEA-RETD/WorkEnvironment2013/02%20Projects%20RETD/0%20RE-INDUSTRY/05%20Deliverables/Final%20deliverables/RE-INDUSTRY%20-%20Final%20report_vfinal%20-%2020170322.docx#_Toc478136820

REINDUSTRYFinal draft report, Marcl2017

EXECUIVE SUMMARY

According to the IPCC"%ssessment repoifl], the industry is one of the largest energy consumers
(28%) and greenhouse gas (GHG) emissions contributors world(@@#o) Industrial actors will have to
play a significant role in GHG emissi@auction, both by reducing their energy intensity and their
carbon footprint.Integrating renewable energy (RE) production assets in their facilities is one means
to achievethe 1.52°C commitment of the Paris Agreement.

The IEARETD REIDUSTRY studymares stateof-the-art RE applications in the industry and provides
lessons learned for industrial actors and recommendations for policy makers. The report contains two
sections: a review of 20 case studies and a section on policy options and lessnad'lear

RE integration in the industry is already widespread worldwide, mainly driven by its direct
benefits for industrial players in a changing energy environment.

Energy is, and will remain, a fundamental input for the industry, but new modes of enargyrpment
and use are technically and economically available all over the world, adapted to local coRiExts.
integration in industry has already been adapted globally by a number of industrial players out of self
interest. More than 200 projects were idéfied acrossall geographies involvingdifferent industrial
sectorsand using arextensive array of RE technology optionfom traditional ones such as rooftop
solar PV to more innovative ones such as hydrogen production from a renewable source.

Different integration schemes are possihlérom simple and investmedight projects to more complex,
interwoven projects yielding greater reductions in energy consumption and GHG emissions.

i Green power procurement with a third party power produosr the premses of the industrial asset
¢ Volkswagen Chattanooga plant (US) purchases green power undeyea®PA from a 9.5 MW
solar PV park adjacent to the manufacturing plant.

1 Onssite installation of fully owned and operated renewable power generation assésewery
Vestyfen replaced an diired boiler by a 4 MW wood boiler (Denmark). Diavik Diamond Mines
installed a 9.2 MWonshore wind farm in its offirid mine (Canada).

1 Onssite installation of RE production assets and process adaptgtibenon Manufaturing (New
Zealand) modified its natural géiselled kilns to run on geothermal steam (27 MW

1 Paradigm shift: renewable raw materials and energy and valorisation-pfdauctsg Jain Irrigation
System Ltd (India) transforms 4pyoducts of the tomato ransformation process into biogas in the
plant, digestate is themalorised on secondary markets lis-compost.

RE integration in industrial assets brings direct benefits to the industrial playbeyond what could be
expected from the simple purchase hewable power. The project drivers and the motivation of the
industrial players vary widely depending on their location and their energy needs:

fReduced energy costs and price hedging from future increases of fuel and grid Qrides
dependence of Codeo Gabriela Mistral Division mine (Chile) on high prices of-n@asported fuel
gla I 1S8 RNAOGSNI 2F Ada GKSNXYIFE az2fl N LIN22SOi

1This study does not include overall statistics or statistical evidéfee21 detailed case studies analyses are available in a
separate document.
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9 Improved energy supply reliabiliy Unstable supply due to its distance from the main distribution
power grid drove Australian Tartaric Products (Australia) to develop a moréngegendent and
stable electricity supply solution (CHP from grape waste).

i Increased productivitg Productivty increased by 5% at Tenon Manufacturing plant (New Zealand)
after its 27 MW, geothermal project.

9 Additional revenuegenerating opportunitieshrough the sale of excess energy to the power grid or
heat networks or other industrials; Additional power generated by solar PV installation at
Pepperidge Farm plant (USA) is sold to the grid at retail price according to tineetexing scheme
in place in Connecticut.

9 Greater coherence with corporate environmental and local commitmentBeyond economic
profii F 6 Af A& ol yydz € hto- NERdAzOGAZ2Y 2F €y - YAT A
Uganda) developed its coffee husk project to create inc@meerating activities offering a waste
recovery solution to local communities.

Various barriers still hindefull RE development in the industry. However, industrial players
and policy makers have a wide array of options to overcome them.

Eight issues have been identifiethat can tilt an industrial actor towards or away from deploying RE
production assets in itiacilities.Diverse policy options can be implemented to topple those barriers

Energy production regulatory regime (1)n various legislations, it is difficult to Bjror! Reference s
ource not foundproduce energy using independent playerand b) valorise energy through seH
consumption and/or the right to sell the energy produced. But theaee fundamental requirements

for RE deployment in the industry. Policy makers may ensure that these two regulatory requirements are
implemented within theenergy production regulatory regime

Investment (2):Third party energy production schemes represent a significant opportwrtyndustrial
actors who lack thequity capital / cash needed to develop RE projecRE projects require substantial
up-front investment costs compared to the power purchase option and traditional fossil fuel generation
units. Investment support mechanisis could be implemented to lower upfront costs for industrial
companies.

Payback times and return on investmei(8): Beyond investment, RE projects often come withger
payback times and lower return on investmexampared to the core activities of andustrial company.
Preferential rates for the purchase of decentralized R&uld be provided by public authorities to
industrial companies (i.e. fedd-tariff, net-metering, etc) as well as guidelinemd a regulatory
framework for valorisation of by-products that can enhance return on investment of RE integration
projects.Different leverage exists at the industrial plant levil overcome this issue:

i Transfer the investment to a third party energy producer

9 Oversize the installation to sell energy sumpta energy utilities and/or other industrial actors
9 Enhance the value of various-pyoducts (mainly in biomass projects)

9 Anticipate and enhance heat/power synergies and energy efficiency

IEA-RETD () etmaces vorimen
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Technology maturity (4)Contrary to matureRE technologiegsolar, wind, geothermal and biomass),
some RE technologies applicable in the industrial context still require developmesush as tr
generation (power, heat and cooling generation) or renewable heat integration for various industrial
processes. Varyingchnology maturities call for different financing and technical support from public
entities. Investing in nomature RE technologies carries specific risks that industrial players are not
likely to be willing to take. Public entities shodidance pilot projects to develop best practiceand
encourage industrial actors to participate in RE technology development and OEM companies to
provide RE solutions which could lead to faster deployment within a certain sector

Operability and integration (5):An RE integration project has toring either higher productivity or

easier operability (in terms of supply) to the industrial actoAdequate integration of RE production
assets in an industrial site requires deep knowledge of: RE technologies, industiiakges and
industrial, environmental, health and safety standards. Industrial players could plan RE asset accounting
for synergies between process and energy strearaspecially heat integration The creation opoles

of excellence at local level focuseoh RE integration into industrial processasn help standardize
renewable heat integration for selected sectors.

Risk mitigation and insurance mechanisms :(dustrial companies deploying RE assets onsite may
incurthree important risksthat may be ser as nego barriers for many:

1/ 2yiAydzAiGe 2F adzlix e OFly LkasS || Nrail 2y GKS LI |
RE technologies or highly integrated RE production schemes (i.e. seasonality of biomass feedstock)

9 Non-mature technologis can threaten the safety of the industrial facility (i.e. risk of explosion)

T¢KS w9 aaSiQa LINRPTFAGl oAt kaked: indu&rialpprisan be/affettédS & 2 f
by market cycles or security issues which can lead to downsizing, ielocateven shut down.

At the same time, RE assets can also become a factor of risk reduction through security of supply and
lower exposure to market energy price fluctuatidPublic policy should offer financial guarantees for
RE in industry projects anduarantee them a reliable and affordable access to the grid for bapk

Contractual scheme complexity (7)The specific contractual complexity of power/heat purchase
agreementsand participation in the retail or wholesale electricity marketan prevent industrials
considering their applicatianThird party power producers look for 20 year PPA contracts, whereas
industrial players have shorter time frame activities mainly determined by their market cycles. New,
shorterterm contractual schemesi K & FAG o0SGGSNI 6A0GK AyRdzaGNRI €
developed.

Awareness (8)Communication on existing support mechanisms (incentives, guarantee, etc.), costs and
best practices appears to bessential to fill the gap between simple knowledgef the subject and
concrete implementation on the groundPublic entities should facilitateharing relevant information

on RE technologies and existing public technical and finance support. Industrial companies and OEMs
should consider joining groups $uas inter-professional associationdo share knowledge with
counterparts.

Beyond direct financial incentives, innovative public support schemes should be implemented
to facilitate RE integration projects.

Amongst the recommendationffiree topics¢ over and above additional financial incentivesappear

to have a high leverage potential on RE integration in the indusaryd should be promoted by policy
makers in the global context of direct subsidy reductions tdugublic budget cutbacks

I EA_ R ET D ) $:::r‘::)alslgilg[)n:;lgoyyment
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i Guarantees to ddress risksRE exhibits intrinsic risky characteristics (with additional maturity issues
for some technologies)There is an opportunity for policy makers to shift their efforts away from
direct public financing to enabling private financing by providimgncial guarantees (i.e. loan
guarantee) on RE projects in the industry to help industrial actors to obtain funding.

9 Third party power production to address payack time and operational implementationTo
reduce investment, simplify projedmplementation, reduce payback time and remove auxiliary
assets from their balance sheets, industrial players are willing to transfer ownership of their projects
to third party power producers. Moreover, allowing third party power production can initibte t
OGN yaF2NXEF A2y 2F | O2dzyiNEQa SySNHeE& aSOG2N) (2¢

9 Localized policy demonstration projects and clusters to test optimal regulatory solutidPalicy
makers are eager to see the development of new technologielsexipertise in their territories but
do not wish to adopt measures that could have a significant impact on the grid and their revenues
from taxes. By providing implementation feedback, policy makers can have a clear idea of the extent
of those riskand thus continue toencourageahe development of new energy production schemes.

The integration of RE production assets in the industry is already a real dynamic across diverse industrial
sectors worldwide. Nevertheless, public support and technical, contahetod business innovation are

still required to make RE integration a widespread practice in the industry globally. Policy makers should
ensure that regulation allows and even fosters different RE integration schemes. Industrial actors should
accelerate heir commitment to adapt their financial and contractual engineering to such schemes. If
those barriers are lifted there is plenty of room to generate many new and successful projects in the
coming years.

IEA-RETD () imite vertyment
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GLOSSARY

Anaerobic DigestionProcess by whicinicroorganisms break down biodegradable material to produce
fuels and reduce waste

ATP Australian Tartaric Products, one of the companies interviewed during the case studies

B2B Businesgo-business

B2C Businesgo-consumer

Bagassefibrousresidue ofsugar cane stalks

Bioslurry: liquid residue from the digestioof organic waste, which can be used as fertilizer
CAPEXCapital Expenditure

CHP Combined Heat and Power, a process by which both heat and power are valorised from fuel
combustion

C0O2eq COZquivalent

Cogen(Cogeneration): combined production of two types of energies (heat and electrical or mechanical
power)

CSRCorporate social responsibility

Digestate Solid residue from the digestiar organic waste, which can be used as fertilizer

DSO Distribution System Operators

EJ BExjoule

ETCEvacuated Tube Collectors, a technology used for solar heat collection

GHG Greenhouse gases

Gt: Gigaton

IEA International Energy Agency

IEARETDInternational Energy AgeneyRenewable Energy Technologyplagment
IPCClIntergovernmental Panel on Climate Change

IRENA International RE Agency

JISLJain Irrigation Systems Ltd., one of the companies interviewed during the case studies
Ongrid/ Offgrid: industrial sites that are connected / not connected teegional or national power grid
from / to which they can buy or sell power

OPEXOperating expenditure

PPA Power Purchase Agreement

R&D Research and development

RE Renewable Energy

ROI Return on investment

SME Small and medium enterprises

SolarPV: Solar photovoltaic

SPY Special Purpose Vehicle

Trigeneration combined production of heat, electrical and mechanical power

I EA_ R ET D ) $::her‘:)alslgilg[)n:;lgoyyment
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INTRODUCTION

RE integration in the industry goes well beyond the simple considerations of corporate social
responsibility (CSR) amaiblic branding. It actually originates from the current status of energy and the
megatrends that will necessarily induce its development (demographic, geopolitical, environmental and
economic pressure, higher demand for energy and overall increase ajyeoests, etc).

RE integration in the industry is necessary to achieve global climate change mitigation goals. In
parallel, industrial players can directly and indirectly benefit from such projects on their own sites.
Similarly growing RE integration in ¢hindustry represents a significant business opportunity for
renewable equipment and technology suppliers, as well as for engineering companies.

In order to achieve the targets set in the Paris Agreement, all greenhouse gas (GHG) emitters need to
participdiS Ay GKS 3t 20l f NBRd2OGA2Y STF2NId ¢KS t I NRa
response to climate change by keeping a global temperature rise within this century well bé@w 2

above preindustrial levels and to pursue efforts to lintiite temperature increase to 1.%C.

Industry is one of the largest energy consumers and GHG emissions contributors worldidic EJ

and 15.44 GtC£,in 2010 according to the IPCE &ssessment repoliftl], respectively 28% and 30% of

g 2 NI R Q#ndustrialiaetdrsondl play a significant role in GHG emission reduction, both by reducing
their energy intensity (amount of energy used per unit of wealth produced) and their carbon footprint
(amount of C@qg emitted per unit of energy consumed). Intedgrgt RE production assets in their
facilities is one means to achieve these objectives.

In June 2014, the International RE Agency (IRENA) evaluated the potential for renewable energies in the
manufacturing industry (the manufacturing industry represents%/®f global industry energy
consumption)[3]. Based on internal projections, the IRENA estimated that consumption would grow to
185 EJ by 2030, 28 EJ (15%) of which could economically come from renewable Jdwerqesential

for emissions reduction in th industry is vast and achievable.

At the same timethe integration of renewable energies on industrial assets can bring direct benefits
to the industrial companies operating those assetsyer and above what could be expected from the
simple purchase akenewable power. These benefits can take the form of:

9 Reduced energy costs and price hedging from future increases of fuel and grid prices
1 Improved energy reliability and increased productivity
9 Additional revenuegenerating opportunities through the satif excess power/heat to the power
grid / heat networks and/or other industrials
1 Greater coherencé A (t K O2N1J]2 N} GS t S@St Qa Sy@ANRYYSyidlt FyR 2

Waste heat valorisation is also a critical potential for emission reduction in the industry; wide
implementation of waste heat measures should be supported by public policies and accurate regulatory
mechanism$

2Waste heat is not included in the scope of this study which focuses on RE.

I EA_ R ET D J $::r?r‘x)alslgilg[)n:;lgoyyment
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Energy is, and will remain, a fundamental input for the industry. However, new electricity
procurement methods, adapted to local contexts, atechnically and economically available all over
the world and have already been adapted by a number of industrial players.

In order to provide inspiration and stat#-the-art application of RE in the industry, the {RETD
commissioned the following stydo present best practices, existing and emerging technologies, drivers,
barriers, lessons learned from industrials as well as policy recommendations on the topic. It will also
serve as a basis in preparation of the IEA Secretariat roadmap on the REeinfthe industry.

The report is structured around two sections: a review of case studies from real world integration of
renewables in industrial processes and a policy section, guided by the analysis of the previous case
studies.

I EA_ R ET D ) $:::r‘::)alslgilg[)n:;lgoyyment
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1. METHODOLOGY

The casetady review is based on an extensive survey of existing projects of RE integration in the
industry. More than 200 projects have been scrutinized on every continent, for every industry and using
an extensive array of renewable technology options. Out of¢he1 case studies have been selected
for detailed review, covering most geographical locations, sectors and technolBgiesel shows the
breakdown of listed andelected projects by geographical location, industrial sector and type of RE
technologyFigure2 represents the 21 selected projects analysed during the study.

Foreach of them, project leaders within the organisation were interviewed in order to understand key
drivers for the project, a detailed description of the technology used and its integration within the
industrial process, as well as a technical, economit policy assessment of the project. The case
studies are as follows and their review can be found in a separate document:

Australian Tartaric Products (ATBHP from grape waste at a distillery plant (Australia)

BMW andfill gas CHP, solar and hydrogengdi@ant and handling equipments (USA)

Brewery Vestfyemwood-fired steam boiler (Denmark)

Codelcasolar flatplate collectors to produce hot water for copper mining (Chile)

Colruytpower-to-hydrogen from wind and solar energy to feed forklifts and trucksgy{Be)

Diavik Diamond Minewind turbines for power generation at mining site (Canada)

EnFa100% selsufficient factory combining solar photovoltaic energy (PV) and biogas CHP

(Germany)

8. Jain lIrrigation Systems Ltd (JI8Igeneration from anaerobic digéen at a vegetable and fruit
processing plant (India)

9. Jiangsu Changshu Jinhotextile printing and dyeing plant using solar evacuated tube collectors
(ETC) to prdeat process water (China)

10.Mitr Pholsugar mill CHP from bagasse (Thailand)

11 Munster Joinerwind power and biomass combined heat and power (CHP) for a door and window
manufacturing plant (Ireland)

12 Nuova Sarda Industia Caesasiaar steam for cheese production (ltaly)

13.Pepperidge Farmydrogen fuel cell and solar PV at a food processing pla#)(US

14 Petroleum Development Omawlar enclosed trough steam generators for enhanced oil recovery
(Oman)

15 Roquettes Frérdsiomass boiler and geothermal plant for starch factory (France)

16 SATMARea water heat pump for aquaculture (France)

17.Sonygreen power ceiification program (Japan)

18.Tenon Manufacturingawmill timber drying using geothermal steam (New Zealand)

NoorwNE

19Volkswagerd KF G y223F YIydzZFrFOlidNAYI LI FydiQa a2t NJ LI

20Hima Cement (LafargeHolcim Grouppwitch from fossifuelled to biomassand wastefuelled
kilns to produce cement

21.Brau Union Osterreich (Heineken Grogp)2 NI RQa FANRUG OF Nb2y vy SdziNJ f

.dZAf RAY3 2y (GKS NBYGASs 2F (KSaS OlasS aldafRESE
industry and their common interactionis study presents key lessons learned by industrial conega

as well as recommendations for policy makers to further facilitate the use of RE within the industry. The
core of this report (se®), is structured around the main issues and opportunitiest tarise from the
integration of RE production assets on industrial sites.

I EA_ R ET D J $::r?r‘x)alslgilg[)n:;lgoyyment
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Figurel. Breakdowrof listed and selected projects by geography, industrial sector and type of technology
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2. CASE STUDY SUMMARY

The case study analysis resulted in the following key findings:

1 Drivers differ widely across the projects

i Renewable power and/or heat integration projects leadatéarge array of positive environmentg
impacts

9 Different levels of renewable energy integration are possible from green power procureme
more complex RE integration schemes within the core production processes

i Financial support is not always requiredrun a successful project

2.1. DRIVERS DIFFER WIDEACROSS PROJECTS
¢tKS NBOASE 2F GKS OlFasS abtdRRASa akKz2ga GKFG LINR2SC
onsite RE vary widetjepending on their location and their energy needs.

1 Developed vs. Developing countries

hy | @SN} 3S> RSGSt2LAYy3 2yaAGS NBySglotS LRoSNI LN
commitment to environmental protection was more often stated @s important driver for projects in

RSOSt 21LISR O2dzy iNxASa (KIy (K2aS Ay RS@St2LAy3 O2dzy
India and accounting for the fact that out of the 20 case studies, only 3 were rolled out in developingspuntr

Conversely, all projects in developing countries (JISL trigeneration in India, Mitr Phol CHP in Thailand,
LafargeHolcim in Uganda, and the textile plant using solar ETC in China) were partly or fully motivated by
profitability concerns (from avoidedosts and extra revenues), compared to a third of the projects in
developed countries.

In developed countries, more than the energy savings that renewable can potentially bring, it is the
reduced uncertainty on the future evolution of energy prices thaduistrial companies look for.

1 Ongrid vs. offgrid industrial sites

Companies developing RE projects ongrifl industrial sites (copper mining in Chile and diamond
mining in Canada) were mainly concerned with the reliability and the cost of their fuplysugnth
relied on heavy diesel imports by truck and/or plane and saw an opportunity to limit this reliance
through solar PV and wind installations.

For ongrid industrial facilities, energy supply reliability can also be an issue in countries witkligidity
concerns such as Australia (CHP for Distillery case study), India (JISL trigeneration unit) and the USA
(Pepperidge fuel cells).

1 B2C vs. B2B industries

There is a clear divide between B2C and B2B industries in terms of drivers for RE projeB&C F
industries, RE projects are more often part of a larger environmental plan with its own drivers such as
corporate image or lorerm sustainability of the business (Volkswagen solar park, Sony green
certification, BMW landfill gas, Nuova Sarda IndasCaesaria solar steam project out of the six B2C
projects).

I EA_ R ET D ) $:::r‘::)alslgilg[)n:;lgoyyment
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Conversely, B2B companies tend to look more at the operational benefits of such projects (easier
operations for Tenon timber drying; better use of resources for Petroleum Development Oman;
valorisation of byproducts for JISL and Mitr Phol; profitability and reduced volatility of energy prices for
Tenon timber drying, SATMAR oyster farm, Munster joinery windows and doors plant, Mitr Phol sugar
mill, ATP distillery, Roquette starch factoryLJ{80d processing plant, Jiangsu Changshu textile plant,
Diavik mines and Codelco mines).

1 Regulatory pressure

Regulatory pressure was mentioned as a defining driver in one case study only (Solar ETC for Jiangsu
Changshu textile plant)

2.2. ENVIRONMENTAL BENHBEI OF RE HEAT AND PE@GW
PRODUCTION

Besides economic drivers, the different RE integration schemes can lead to diverse environmental
benefits.

Fuel switching to generate heat caave a positive impact in terms of GHG emissions reduction; this is
particulelNI @ GKS OFasS F2NJ AYyRddzZAGNRFE LI IFydGa GKIG FNB
[ FFFENBSI 2t OAYQa LINR2SOG F2NJ SySNHeé NBO2JSNE FNRY
LX I yGQad DI D SYAadaaAisphgfgearo® ct1xnnn G2ya 2F [/ h

The recovery of local biomass waste andpbyducts to produce heat also has positive environmental
impacts, particularly in terms of waste disposal impacts.

1 The BMW Manufacturing project in Spartanburg (USA) has reduced the carbon footprint of the
landfil that supplies its cogeneration turbines.

9 The Australian Tartic Products plant in Colignan (Australia) reduced the impact of the local wine
industry by collecting 90,000 tons/year of waste from wineries within a 100 km radius and using it as
a fuel inis 8 MW boiler.

Fuel switching for power generation al$eads to a reduction in GHG emissions, notably irgof
industrial sites where the alternative is mainly fossil fuels (diesel generators). The onshore wind project
(9.2MW;) allowed the Diavik Diaomd Mines to reduce its GHG emissions by more than 14,000 tons CO
per year GHG emission reduction would be lower for RE projects -Hgriohindustrial sites, particularly

in countries where the grid emission factor is low because the national power g@remix mainly

relies on RE sources.

The dependence of offrid industrial plants on fossil fuel not only leads to environmental impacts but
also represents a security issue. As an example, over 250 truck trips per year to transport fuel to the
Codelco @briela Mistral mine (Chile) were required for operations. The solar flat plate collector project
improved the accuracy and reliability of the electricity/heat supply and the safety of the mine by taking
trucks off the road.

2.3. DIFFERENT LEVELS IOIHEGRATIOMRE POSSIBLE

The global review of existing RE integration projects worldwide and the analysis of the case studies
reveal a wide array of integration schemes, from simple and investfigtprojects to more complex,
interwoven projects yielding greateeductions in energy consumption and emissions.

I EA_ R ET D ) $:::r‘::)alslgilg[)n:;lgoyyment
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1 Green power procurement with a third party power producer on the premises of the industrial
asset

This level of integration is the simplest and easiest to manage for industrial companies. The
responsibility of investing in, building and operating the renewable power asset is transferred to a third

party power producer. The industrial company then cants with a third party power producer through

a longterm power purchase agreement (PPA). The renewable asset is usually built next to the industrial
asset but the two are not intertwined, so that the former does not affect the operations of the latter.

Figure3 below shows the orshore wind farm that supplies the Munster Joinery plant (Ireland) and the
grid.

Woodchips
and saw dust

21eSUBpUOD
Steam
Electricity

:

Figure3. Diagram of the MunsteJoinery wind turbines and CHP installation in Ireland

The main advantages of this solution are that investment needs are very low, as are the technical skills
required to operate the renewable assets. Moreover, the asset is not consolidated in thegmofibss
statement.

The main drawbacks are the low impact of such projects in terms of emission reductions since they only
address the issue of renewable power, but not heat, and the share of the economic value created with a
third party. Such integratioachemes do not seem to be adapted to industrial actors who need a steady
supply of steam for their production operations

Even if it is less common than for power, industrial actors can have other types of RE purchase
agreement. Like BMW, for example, whioegotiated a 20 year flaate purchase agreement with
Waste Management which operates the Palmetto landfill to ensure a steady supply of landfill gas
(163,000 n¥day) to its Spartanburg plant in the US.

Case studies

| @ ||i MUNSTER

Volkswugen - CODELCO ]O'NERY
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1 Onsite installationof fully owned and operated renewable power generation assets

This level of integration differs from green power procurement as the renewable asset is fully owned

and operated by the industrial player.

This solution offers better integration possibilitpriexample, it is easier for an industrial player to build

and operate a solar roof than to contract a third party power produtceinstall a solar roof on its
facilities; because risks are fully borne by the industrial prosumers and not subject to omple
negotiations. Nevertheless, at the same time, not every industrial player has tnguse expertise to
design, build and operate RE assets and integrated systems and acquiring that expertise may offset any
initial economic gains. Such contractual agrests with third party producers allow this potential

barrier to be overcome.

The main drawbacks of these types of projects are the high upfront investment cost, the impact of the

LIN2 2SO0 2y

Ay Rdza G NEQa O2NB

GKS O02YLJ} yeé Qa
I OGAGAGRD

y S i
Iy R

NB @ Sef tzénathose Nitie dzNY/ &
GKS ySSR F2NJ (SOK)

unless further integrated, such projects havia impact on process energpnsumption

Figure 4 illustrates the sugar mill aedgeneration plant installed at Mitr Phol factory (Thailand) and

fully operated by the company.
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Figure4. Diagram of the Dan Chang sugar mill and cogeneration plant at Mitr Phol factory in Thailand (Source: Cogen3)
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1 Onsite installation of RE production assets and process adaptation

More than 80% of the total final consumption in the manufacturing industry will come from process
energy in 2030 according to the IRE[SA This percentagés even higher in the food, tobacco, pulp &
paper and normetallic minerals industries. Consequently, in order to have a significant impact in terms
of GHG emissions reductions, industrial companies need to start integrating RE assets within their core
processes and have them both adapt to each other.

This requires expert operational and technical skills to design, build and operate the energy asset so that
it can be used as leverage for the production asset tlieg both constantly feed in one another. i$

also a much costlier operation than the integration schemes presented above. However, as such types of
projects have an impact on GHG emission intensitytchingfrom fossil fuetbased pever and heat

supply to REand as process energy represents thajority of industrial energy consumption, it can

yield savings ahemissiorreductions an order of magnitude higher.

Figure5 shows the energy supply systems progiesly implemented at Heineken Gdss brewery. The
mashing proceswasadapted, switching the energy input from steam to hot water to integrate the solar
thermal plant into the core processes of the brewery.

Figureb. Diagram of tie renewable energy supply of Heineken Goéss brewery (Austria)

Case studies:

i1 Paradigm shift: renewable raw materials and energy andfrpduct valorisation

This can be considered as the highest level of integration of renewables in an indastligl Not only

is the RE integrated in the industrial process, but it is taken into account in the whole product value
chain: renewable raw materials are used in the products and their byproducts are further used for
secondary energy either energetisal(woodchips, biowaste) or in the production process (bioslurry
used as fertilizer).
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