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1 VOLKSWAGENSOLAR PARK TO POWAR
MANUFACTURING COMPAN

Projectcommissioningear 2013

Industry Manufacturing- Automotive
Site Chattanooga, USA
Renewable energy technology Solar PV

Installed capacity 9.5 MW

Chattanooga,
USA

Figurel. View ofChattanooga solar pafi]

1.1INDUSTRIAL SECTORINOCAL ENERGY CONXTE

Industrial sector: ManufacturingAutomotive

1 US passenger vehicle productior2015was 12 million units?( 2 NX Rl&gest producer
9 US passenger vehicle saie2015was17.4 million units

1 US automotive manufacturing net electricity demand®010 was 33 TWh [2]

9 US energy cost per dollar of added value in automotive is 1.1%

USenergy context
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Overview, 1949-2015

Nuclear Electric Power
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Volkwagemn5] Volkswagen Chattanoodé]
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1 2nd largest automotive producen the world i Area: 5,600,000 m?

9 12 krands (Volkswagen, Audi, seat, Skoda, Bent { ~2,400 employees
Bugatti, Lamborghini, Porsche, Ducati, commer  Production: 87,156 vehicles: US Passat (12/2015)
vehicles, Scania, MAN) i Solar irradiation: 160Q 1800 kWh/m?

9 10 million vehicles soldiorldwide (2015)

9 Turnover: EIR 213 billion (2015)

1.2 RENEWABLEECHNOLOGY IMPLEME®RD

1.2.1Drivers for the project

+2f1agl3Sy G¢KAYy] o0fdzS¢ OFYLI AIYY [/ NBFGS SygdiNe)
efficient production processes, and encouraging-eonscious behavior.

Volkswagen had set a goal to reduce the environmental impact of all Volkswageniplét8%o by 2015
from a 2010 baseline, which applies to energy consumption, waste, volatile organic compound
emissions, water consumption and carbon dioxide emissions. In pursuit of these corporate
environmental and energy objectives, Volkswagen Chattan@gammitted to the use of green power.

1.2.2Detailed technology description

The solar park, adjacent to the manufacturing plant was commissioned on January 2013.

1 The 9.5 MW installatiomonsist of 33,600 high performance mdtiystalline silicon PV modulesath
produce electricity exclusively for the ptaThe silicon PV modules are manufactured by JA Solar, one
2T GKS ¢2NI RQa f | NBSgoimantd s6ldrfpbw@r pioietsile s@af pafk A 3 K
occupies 133,546 m2 and was designed by Phoenix Swldoll Silicon Ranch Corp, which sélle
electricity to Volkswagen under a 3@ar power purchase agreement

11 The solar Park is expectén producel3.1 GWhof electricity annually, which accounts for 12.5% of
LX FyiQad ySSRA& RdzNA Yy A YIUNER ¢28 & RoduRtioyRrigdd ] 52 y2 T LK

At commissioning, the solar park was one of the biggest solar parks in the state of Tennessee and the
largest solar installation at an auto factory in the United States. With thar gmark, Volkswagen

confirms the acquisition of the highttoveted LEED Platinum certification by the U.S Green Building
Council in late 2011At that time, the Building Council called the Chattanooga manufacturing facility
GUKS ¢2NI RQaA HEBSYRad/2li&R2 ALt oy & GKS FANRG | dzi?
world to receive the top LEED certification, LEED Platinum certificiion.
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Figure6. Simplified layout of the solar park

1.3PROJECT ASSESSMENTECHNICAL AND ECOMKC

Technical and economic key elements

Main technologies involved Solar PV
CAPEX of the project EUR 23.35 million
Benefits

20 year power purchase agreement
GHG emissions reduction: 9,243 t3@ar
LEED platinum certification

Advantages Limits and shortcomings

IEA-RETD () 5ot . :



1.4PROJECT ASSESSMENHOLICY AND REGULAN

Main political and regulatory drivers

9 No political or regulatory drivers.
 Projectinitiated by 2 f {1 & ¢+ 3Sy s x2f 1a¢l3Sy 202S00A0SQayY NB

T

Project replicability

i All industrial sitegan benefit from solar energy, depending on the sun irradiance, and area available

Policy recommendations

1 Encourage imigmentation of demonstration projects

1 Investment tax credgsupporting such installations

1 Enable the existence of third party players able to invest and or produce electricity to be sold to the indus

1 Regulatory measusensuring theelectricitysales of the PV plant when there is no consumption at the factc
o] Enable solar owner/operator, to access complimentary clients in the neighborhood
o] Enable netmetering schemes, starting by subsidizing the solar electricity consumed ons
compensatefor the low electricity price granted to large industrial consumers through State sub:
(this is a rebalancing of public subsidies)

Similar projects

i Apple, California: Power purchase agresn(130 MW) with a First Solar
http:// www.firstsolar.com/en/aboutus/projects/californiaflats
i The Valley Center Municipal Water District, California: étopurchase agreement (I MW) with solar power
partners Inc
http:// www.renewableenergyworld.com/articles/2009/01/valleentermunicipatwater-district-deploysi-
1-mw-solararray-54423.html
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2 TENON MANUFACTURINGIMBER DRYING

USING GEOTHERMAL &VWE

Company Tenon Manufacturind td

Projectcommissioningear 2006

Industry Sawnwood Processing

Site Tenon Sawmill, Taupo, New Zealand

Renewable energy technology Natural gasueled kilns modified to run omeothermal steam for timbe
drying

Installed capacity 27 MWin

Auck'l'and, /)

New Zealand

Figure?. View of Tenon Manufacturing Plant (Source: Geotherme
Engineering Ltd)

2.1INDUSTRIAL SECTORIINOCAL ENERGY CONTE

Industrial sector: Wood products

1 Sawnwoodproduction:
Global: 439 million fin 2014[9]
New Zealand: 4 million fin 2015[10]
i Primaryenergy use for lumber manufacturirfgyl]:
Europe: 407 kWh/rh
SouthAmerica: 1,059 kWh/f
Canada: 420 kWh/#total, 278 kWh/ni for drying (66%), 109 kWh/hior sawing (24%)
1 Main sources of energy used in this industrial sector are: electricity, oil/diesel, natural gas, biomas
biogas. Medium and high temperature heatcommonly used for timber drying or finishing. Biomass boi
fuelled from wood processing kgroducts and waste are common in the wood industry.
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New Zealand energy context
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Figure8. Total Primary Energy Supply by Fudémw Zealand in 2018.2]
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Figure9. Consumer Energy Demand Share by Fuel in New Zealand if12p15
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Figure10. Consumer Energy Demand Share by Sattdew Zealanih 2015[12]
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TNewS | f lgeftRefndal directuse capacity was 48:
MW in 2015, of which 325 MWwas used for indusyr
and agricultue. The global direct use capacity wi
70,329 MWh, of which 3,296 MW was used for
industry and agriculture [13].

b Sg %S | gebtlyeiRn@la electricity generatior
capacity was 973 MWn 2015,the ¢ 2 NI "Ri@dest
capacity. The potential for geothermal electrici
generation is estimated to be 3.7 GWThe global
installed capacity is 13.3 GWand the estimated
potential is 200 GV|14].

Figurell. Low Temperature Geothermal Resourc
in New Zealand (Source: GNS Science)

TenonManufacturinglLtd

1 Tenon is a multinational wood produgtsocessing, marketing and distribution company with activities in N
Zealand, Australia, USA, Chile, Brazil and China.

T¢Sy2yQa NB OGSy dz2018 @aNEURKE maliSnl-(WSD 430 miion)

T¢Sy2yQa ¢ dzLJ2 Qa &l @36iFbrést StaM@sRp@odhétertfipddied imier per year

9 The sawmill sells manufacturing-pyoducts for recycling

9 The sawmill currently utilizes 9 kilns for timer drying, converted from natural gas to geothermal in 2006

2.2RENEWABLE TECHNOLOMYLEMENTED

2.2.1Drivers forthe project

1 Increasing natural gas prices were inflating production costs, thus reducing competitiveness. A fuel
switch to a cheaper, cleaner renewable energy and the proximity of the large Taupo geothermal field
oriented the solution towards geothermdlrect use.

1/ Operations are also facilitated compared to natural gas kilns, increasing production and by extension
further increasing competitiveness.

¢ KS O2YLIye RS&ZONROGSaE (GKS LIN22SOG a LINIL 2F Al
geothermal energy is a continuing evolution of our efforts to become more sustainable in our
2 LIS NJ ,(ad stawgdhiby Darryl Robinson, Sawmill Manager.
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2.2.2Detailed technology description

Geothermal fluid is extracted from the geothermal field to heat up presstinzater through 2 heat
exchangers. The pressurized water is then used in the kilns for timber drying. The geothermal fluid out
of the heat exchangers is then sent through a second stage of heat extraction to heat up water used in
lower-temperature kilns. fie geothermal fluid is then sent back into the geothermal fluid via the
reinjection well, without requiring pumping. 100 % of heat for the drying process is renewable.

z - v A 1%

¢tKS FT2ftft2¢gAy3a aOKSYFGAO RSLMAOGA G(GKS LXIFyd IyR

== 1 Kiln7 —

— Kiln8 }

——= Kiln9 =

:
P === | ; _gHeat dump
i R :

5. Reinjection
Sty I Nells

Figurel2. Schematic of théimber-drying kilns and geothermal installatigh5]

1.DS2 0 KSNXI € Tt dzA R Sa 438 bariis exyavted frap the/ geothérrBal field
through a 1.5 km pipeline without requirirmumping.
2. First stageof heat extraction:the geothermal fluid is ruthrough two heat exchangers (HX1 and
HXd o 2 KSFG dzL) LINBaadz2NAT SR 6FGSNJ 2 wmynse/
3. Timber dryng: Hot water is pumped througkilns 3 to 9for timber drying and is returned to HX1
andHX ata return temperature on c p 6 /

4. Second stage heat extractiod70°C, highemperature condensateout of HX1 andHX2 is run
through HX3a heat pressurized water 2 mMp ne /  defpetaturé Ris 1 ghad S NJ

5. Reinjection: geothermal fluid is sent back to the geothermal fiefdugh a 2.7 km pipeline, still
without requiring pumping15]

I EA_ R ET D \ ) TR:::r‘ll:)alglgeyEDn:prlgo);ment ?
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2.3PROJECT ASSESSMENTECHNICAL AND ECOMC

Note: economic information in this report is presented in Euro (EUR), but was provided in New Zealand
Dollar (NzZD) or US Dollar (USD) in the source documents. The conversion rate used in this document
was calculated based on the average NZD to EUR convéidion S 2 F (G KS LINRP2SOGQa A
(2006), provided by Banque de France.

2006 NZD to EUR rate: NZD 1.94 =EUR 1

¢CKS ' {5 (2 9!w O2y@SNHEAZ2Y NI (i S201xdetRue & th&l201BK&
average conversion rate provided Banque de France:

O2y !

20152016 USD to EUR rate: USD 1.11 = EUR 1

Technical and economic key elemefits] [16]

Main technologies involved Geothermal fluid extraction and reinjection, twgtage heaextraction

Installed capacity 27 MW

CAPEX of the project Not available. Financing by Contact Energy

Subsidies, grants arfthancing Information not available

Benefits Annual savings: ELBX0,000(NZD 1.3 million)

GHG emissions reductio28,000 tCQlyear

Other benefits: corporate image, productivity gain, Energy Efficiency
Conservation Authority¢ Energy Wise Awards 2007 Renewable En
Category Winner, Association of Consulting Enginedrmovative Award:
2007 Gold Award Winner, NZ EnginegrirExcellence Awards 20

Sustainability & Clean Technology Category winner
Payback time Information not available

Project by Dobbie Engineers Ltd

Advantages Limits andshortcomings

i Increased productivity by 5% I Requires the proximity of mediumor high

i Operations facilitated by th@ossibility to adapt tc
greatly fluctuating loadsind ramp up all kilns at th
same tim& GKAOK gl ayQi Lk
kilns

9 Equipment implemengation and integraion to
existing kilnswas relatively simpleonly requiring ¢
minor 2day shutdowrof 7 kilns

i Fuel switch from fossil to renewable

i Offers 99% Availability

9 Jobs creatiotfor local workforce

I EA_ R ET D \ ) TR:::r‘::)alglgeyEDn:prlgo);ment

temperature geothermal field

1 CAPEX higher thdor regular gas installation

i Decreasing exploitation ofeothermal resources i
New Zealandlue tolimited number of permits

i Geothermal projects can potentially cause so
acceptability challenges when planned in touris
areas or for example in New Zealand on local M
sacredgrounds



2.4PROJECASSESSMENG POLICYAND REGULATION

Main political and regulatory drivers

i Long term investment in both geothermal electricity generation and direct use fr@jor energy supplier:
such as Contact Energy and Mighty River Power (Mercury)

i NewZealand Resource Management Act (1991): granting of geothermal permits

1 New Zealand Energy Strategy (2007): 90% of electricity generation from renewables by 2025

Project replicability

9 Industries with large demand of lemedium temperature heat

i Implemertation of projects of this type is facilitated by the proximity of surface geothermal fields.
geothermal projects can also be implemented at greater expense, exploiting resources harder to attain.

1 Volcanic regions have large geothermal resources amedparticularly suitable for geothermal direct use
electricity generation projects.

1 The same type of project can also be implemented with other renewable heat sources, such as solar
or biomass/biogas heating

Policy recommendations

i Create the conditions for iterative exchanges between State administration and renewable e
pioneers/promoters about their experienceSpen a contributive index ranking the barriexad ®lutions. This
initiative must lead to &ong term viewof RE projects, ane supported bycommunication andpen data.

19yl o6tS GKS SEA&aGSYOS 2F GKANR LI NLé +FoetS G2 .
FINBSYSyidé¢ GAGK GKS AyRdzAGNRL € aAdSe® ¢KAa Ol
FNIFYSG2N] F2N) GKANR LI NGe O2YLIyAsSa G2 o0daAftR
ground.

i Providecomprehensive cradio-grave guidelines for geothermal projects including key information suc
known and exploitable geothermal fiedd exploitation permit acquisition, environmental regulations, sa
standards related to this particular activity, best practices, as well as dismantling or end of exploitation.

Similar projects

i Asaleo Care Kawerau, New Zealand: hygienic tissareufacturingplant converted electrigriven dryers to
geothermal steam
http:// www.gns.cri.nz/Home/Learning/Sciendepics/EartiEnergy/Cas&tudies
i Lake Myvatn, Iceland: diatomite plansedhigh temperature geothermdluid for drying process for over 3
years.Plantclosedin 2004
http:// www.nea.is/media/utgafa/GD_loka.pdf

2.5CONTACT AT TENON MARACTURING LTD

Darryl Robinson, Sawmill Manager
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http://www.gns.cri.nz/Home/Learning/Science-Topics/Earth-Energy/Case-Studies
http://www.gns.cri.nz/Home/Learning/Science-Topics/Earth-Energy/Case-Studies
http://www.gns.cri.nz/Home/Learning/Science-Topics/Earth-Energy/Case-Studies
file:///C:/Users/Joanna/Downloads/http
file:///C:/Users/Joanna/Downloads/http
http://www.nea.is/media/utgafa/GD_loka.pdf

3 SONY CORPORATIOKREATION OF A
NATIONWIDE GREEN RER
CERTIFICATION PROGIRRY AN
ELECTRONICS COMPANY

Projectcommissioning year 2001

Industry Electronics

Site Japan

Renewable energy technology Solar PV, Wind, Biomass heat
Installed capacity Not Applicable

Figurel3. Viewoff 2y & / 2 NLJ2 NJ G A 2
(SourceSony Corp.

3.1INDUSTRIAL SECTORIKMNOCAL ENERGY CONXTE

Industrial sectorHectronic and electric equipmemhanufacturing

1 The &are of energy cost in manufacturing in Japeas2.8 %in 2011[17]

9 Examples of electronic and electeéquipment sector primary energy consumption:
US: 154 TWin 2011 [18]
China: 374 TWh 2011[19]

9 Stable power supply is critical for electronics manufacturing processes

Hair| Coffee LCD CRT PC PC Washing . Digital

Product . . . Refrigeratol .
dryer| maker| monitor| monitor| (tower)| (complete)) maching copier,

(KWh/unit)| 22 51 268 293 579 872 1083 1639 2201

Figurel4. Survey of unitary energy consumption for materials and manufactwficgmputer, eleironics and
electric appliances
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