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1 VOLKSWAGEN - SOLAR PARK TO POWER A 
MANUFACTURING COMPANY 

Company Volkswagen 

Project commissioning year 2013 

Industry Manufacturing - Automotive 

Site Chattanooga, USA 

Renewable energy technology Solar PV 

Installed capacity 9.5 MWe 

 

   

Figure 1. View of Chattanooga solar park [1] 

 

1 . 1 I N D U S T R I A L  S E C TO R  A ND  L O C A L  E N E R G Y  C O N T EX T 

Industrial sector: Manufacturing - Automotive 

¶ US passenger vehicle production in 2015 was 12 million units (²ƻǊƭŘΩǎ нnd largest producer) 

¶ US passenger vehicle sales in 2015 was 17.4 million units 

¶ US automotive manufacturing net electricity demand in 2010 was 3.03 TWh [2] 

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

US energy context 
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Figure 2. US primary energy overview (in quadrillion BTU) [3] 

 

Figure 3. US primary energy production by source (in quadrillion BTU) [3] 

 

Figure 4. US total energy consumption by end-use sector (in quadrillion BTU) [3] 

 

Figure 5. US industrial sector energy consumption by major source (in quadrillion BTU) [3] 

¶ Average price of electricity for industrial users in South Carolina : EUR 5.66 ¢/kWh (USD 6.02¢/kWh) [4] 

Volkwagen [5] Volkswagen Chattanooga [6] 
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¶ 2nd largest automotive producer in the world 

¶ 12 brands (Volkswagen, Audi, seat, Skoda, Bentley, 

Bugatti, Lamborghini, Porsche, Ducati, commercial 

vehicles, Scania, MAN) 

¶ 10 million vehicles sold worldwide (2015) 

¶ Turnover: EUR 213 billion (2015) 

¶  Area: 5,600,000 m² 

¶ ~2,400 employees 

¶ Production: 87,156 vehicles: US Passat (12/2015) 

¶ Solar irradiation: 1600 ς 1800 kWh/m² 

1 . 2 R E N E WA B L E T E C H N O L O G Y  I M P L E M E NT E D 

1.2.1 Drivers for the project  

±ƻƭƪǎǿŀƎŜƴ ά¢Ƙƛƴƪ ōƭǳŜέ ŎŀƳǇŀƛƎƴΥ /ǊŜŀǘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ǇǊƻŘǳŎǘǎ ǳǎƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ 

efficient production processes, and encouraging eco-conscious behavior.  

Volkswagen had set a goal to reduce the environmental impact of all Volkswagen plants by 25% 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 Chattanooga is committed to the use of green power. 

1.2.2 Detailed technology description 

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

¶ The 9.5 MW installation consist of 33,600 high performance multi-crystalline silicon PV modules that 

produce electricity exclusively for the plant. The silicon PV modules are manufactured by JA Solar, one 

ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƻŦ ƘƛƎƘ-performance solar power products. The solar park 

occupies 133,546 m² and was designed by Phoenix Solar Inc for Silicon Ranch Corp, which sells the 

electricity to Volkswagen under a 20-year power purchase agreement 

¶ The solar Park is expected to produce 13.1 GWh of electricity annually, which accounts for 12.5% of 

ǇƭŀƴǘΩǎ ƴŜŜŘǎ ŘǳǊƛƴƎ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ млл҈ ƻŦ ǇƭŀƴǘΩǎ ƴŜŜŘǎ ŘǳǊƛƴƎ ƴƻƴ-production periods [7] 

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 the solar park, Volkswagen 

confirms the acquisition of the highly-coveted LEED Platinum certification by the U.S Green Building 

Council in late 2011. At that time, the Building Council called the Chattanooga manufacturing facility 

άǘƘŜ ǿƻǊƭŘΩǎ ƎǊŜŜƴŜǎǘ ŀǳǘƻ Ǉƭŀƴǘέ ŀƴŘ ƴƻǘŜŘ ƛǘ ǿŀǎ ǘƘŜ ŦƛǊǎǘ ŀǳǘƻƳƻǘƛǾŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ Ǉƭŀƴǘ ƛƴ ǘƘŜ 

world to receive the top LEED certification, LEED Platinum certification. [8].  
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Figure 6. Simplified layout of the solar park 

 

1 . 3 P R O J E C T  A S S E S S M E N T  ς T E C H N I C A L  A N D  E C O N OM I C 

Technical and economic key elements 

Main technologies involved Solar PV 

Installed capacity 9.5 MWe  

CAPEX of the project EUR 23.35 million 

Subsidies, grants and financing Information not available 

Benefits  20 year power purchase agreement 

GHG emissions reduction: 9,243 tCO2/year 

LEED platinum certification 

Payback time Information not available 

Advantages Limits and shortcomings 

¶ Possible to retrofit on existing assets 

¶ Reduced natural gas consumption and GHG emissions 

¶ Solar PV electricity sold at fixed price under power 

purchase agreement 

¶ Large area required 
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1 . 4 P R O J E C T  A S S E S S M E N T  ς P O L I C Y  A N D  R E G U L AT IO N 

¶ Main political and regulatory drivers 

¶ No political or regulatory drivers. 

¶ Project initiated by ±ƻƭƪǎǿŀƎŜƴΣ ±ƻƭƪǎǿŀƎŜƴ ƻōƧŜŎǘƛǾŜΩǎΥ ǊŜŘǳŎŜ ǘƘŜ ŀƳƻǳƴǘ ƻŦ /hн ƻŦ ƛǘǎ Ǉƭŀƴǘǎ ōȅ нр҈ ōȅ нлму 

Project replicability 

¶ All industrial sites can benefit from solar energy, depending on the sun irradiance, and area available 

Policy recommendations 

¶ Encourage implementation of demonstration projects 

¶ Investment tax credits supporting such installations 

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

¶ Regulatory measures ensuring the electricity sales of the PV plant when there is no consumption at the factory 

o Enable solar owner/operator, to access complimentary clients in the neighborhood 

o Enable net-metering schemes, starting by subsidizing the solar electricity consumed onsite to 

compensate for the low electricity price granted to large industrial consumers through State subsidies 

(this is a re-balancing of public subsidies) 

 

¶ Similar projects 

¶ Apple, California: Power purchase agreement (130 MW) with a First Solar 

http:// www.firstsolar.com/en/about-us/projects/california-flats 

¶ The Valley Center Municipal Water District, California: Power purchase agreement (1.1 MW) with solar power 

partners Inc 

http:// www.renewableenergyworld.com/articles/2009/01/valley-center-municipal-water-district-deploys-1-

1-mw-solar-array-54423.html 

 

http://www.firstsolar.com/en/about-us/projects/california-flats
http://www.firstsolar.com/en/about-us/projects/california-flats
http://www.renewableenergyworld.com/articles/2009/01/valley-center-municipal-water-district-deploys-1-1-mw-solar-array-54423.html
http://www.renewableenergyworld.com/articles/2009/01/valley-center-municipal-water-district-deploys-1-1-mw-solar-array-54423.html
http://www.renewableenergyworld.com/articles/2009/01/valley-center-municipal-water-district-deploys-1-1-mw-solar-array-54423.html
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2 TENON MANUFACTURING - T IMBER DRYING 
USING GEOTHERMAL STEAM 

 

Company Tenon Manufacturing Ltd 

Project commissioning year 2006 

Industry Sawnwood Processing 

Site Tenon Sawmill, Taupo, New Zealand  

Renewable energy technology Natural gas-fueled kilns modified to run on geothermal steam for timber 

drying 

Installed capacity 27 MWth 

 

 

Figure 7. View of Tenon Manufacturing Plant (Source: Geothermal 
Engineering Ltd) 

 

 

2 . 1 I N D U S T R I A L  S E C TO R  A ND  L O C A L  E N E R G Y  C O N T EX T 

Industrial sector: Wood products 

¶ Sawnwood production: 

 Global: 439 million m3 in 2014 [9] 

 New Zealand: 4 million m3 in 2015 [10] 

¶ Primary energy use for lumber manufacturing [11]: 

 Europe: 407 kWh/m3 

 South America: 1,059 kWh/m3 

 Canada: 420 kWh/m3 total, 278 kWh/m3 for drying (66%), 109 kWh/m3 for sawing (24%) 

¶ Main sources of energy used in this industrial sector are: electricity, oil/diesel, natural gas, biomass, and 

biogas. Medium and high temperature heat is commonly used for timber drying or finishing. Biomass boilers 

fuelled from wood processing by-products and waste are common in the wood industry. 
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New Zealand energy context 

 

Figure 8. Total Primary Energy Supply by Fuel in New Zealand in 2015 [12] 

 

Figure 9. Consumer Energy Demand Share by Fuel in New Zealand in 2015 [12] 

 

Figure 10. Consumer Energy Demand Share by Sector in New Zealand in 2015 [12] 

¶ bŜǿ ½ŜŀƭŀƴŘΩǎ ²ƻƻŘΣ tǳƭǇΣ tŀǇŜǊ ŀƴŘ tǊƛƴǘƛƴƎ ƛƴŘǳǎǘǊȅΩǎ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ǿŀǎ пΦмс ¢²Ƙ ƛƴ нлмр [12]. 
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¶ New ½ŜŀƭŀƴŘΩǎ geothermal direct use capacity was 488 

MWth in 2015, of which 325 MWth was used for industry 

and agriculture. The global direct use capacity was 

70,329 MWth, of which 3,296 MWth was used for 

industry and agriculture [13]. 

¶ bŜǿ ½ŜŀƭŀƴŘΩǎ geothermal electricity generation 

capacity was 973 MWe in 2015, the ǿƻǊƭŘΩǎ рth largest 

capacity. The potential for geothermal electricity 

generation is estimated to be 3.7 GWe. The global 

installed capacity is 13.3 GWe and the estimated 

potential is 200 GW [14]. 

 

Figure 11. Low Temperature Geothermal Resources 
in New Zealand (Source: GNS Science) 

Tenon Manufacturing Ltd 

¶ Tenon is a multinational wood products processing, marketing and distribution company with activities in New 

Zealand, Australia, USA, Chile, Brazil and China. 

¶ ¢ŜƴƻƴΩǎ ǊŜǾŜƴǳŜ ŦƻǊ ǘƘŜ ȅŜŀǊ нлмр-2016 was EUR 387 million (USD 430 million) 

¶ ¢ŜƴƻƴΩǎ ¢ŀǳǇƻΩǎ ǎŀǿƳƛƭƭ ǇǊƻŘǳŎŜǎ мрлΣллл Ƴ3 of Forest Stewardship Council-certified dried timber per year 

¶ The sawmill sells manufacturing by-products for recycling 

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

2 . 2 R E N E WA B L E  T E C H N O L O G Y I M P L E M E N T E D 

2.2.1 Drivers for the project  

¶ 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 geothermal direct use. 

¶ Operations are also facilitated compared to natural gas kilns, increasing production and by extension 

further increasing competitiveness. 

¶ ¢ƘŜ ŎƻƳǇŀƴȅ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǇǊƻƧŜŎǘ ŀǎ ǇŀǊǘ ƻŦ ƛǘǎ ŜƴŘŜŀǾƻǳǊ ǘƻ Ǌǳƴ ǎǳǎǘŀƛƴŀōƭŜ ƻǇŜǊŀǘƛƻƴǎΥ άǳǎŜ ƻŦ 

geothermal energy is a continuing evolution of our efforts to become more sustainable in our 

ƻǇŜǊŀǘƛƻƴǎέ, as stated by Darryl Robinson, Sawmill Manager. 
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2.2.2 Detailed technology description 

Geothermal fluid is extracted from the geothermal field to heat up pressurized water 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. The 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. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎŎƘŜƳŀǘƛŎ ŘŜǇƛŎǘǎ ǘƘŜ Ǉƭŀƴǘ ŀƴŘ ƎŜƻǘƘŜǊƳŀƭ ƛƴǎǘŀƭƭŀǘƛƻƴΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴΥ 

 

Figure 12. Schematic of the timber-drying kilns and geothermal installation [15] 

1. DŜƻǘƘŜǊƳŀƭ ŦƭǳƛŘ ŜȄǘǊŀŎǘƛƻƴΥ мфтɕ/ ǎǘŜŀƳ at 13.5 bar is extracted from the geothermal field 

through a 1.5 km pipeline without requiring pumping. 

2. First stage of heat extraction: the geothermal fluid is run through two heat exchangers (HX1 and 

HXнύ ǘƻ ƘŜŀǘ ǳǇ ǇǊŜǎǎǳǊƛȊŜŘ ǿŀǘŜǊ ǘƻ мулɕ/ 

3. Timber drying: Hot water is pumped through kilns 3 to 9 for timber drying and is returned to HX1 

and HX2 at a return temperature of мсрɕ/ 

4. Second stage heat extraction: 170°C, high-temperature condensate out of HX1 and HX2 is run 

through HX3 to heat pressurized water ǘƻ мрлɕ/ ǎŜƴǘ ǘƻ ƭƻǿŜǊ-temperature kilns 1 and 2 

5. Reinjection: geothermal fluid is sent back to the geothermal field through a 2.7 km pipeline, still 

without requiring pumping [15] 
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2 . 3 P R O J E C T  A S S E S S M E N T  ς T E C H N I C A L  A N D  E C O N OM I C 

Note: economic information in this report is presented in Euro (EUR), but was provided in New Zealand 

Dollar (NZD) or US Dollar (USD) in the source documents. The conversion rate used in this document 

was calculated based on the average NZD to EUR conversion ǊŀǘŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ȅŜŀǊ 

(2006), provided by Banque de France. 

 

2006 NZD to EUR rate: NZD 1.94 = EUR 1 

¢ƘŜ ¦{5 ǘƻ 9¦w ŎƻƴǾŜǊǎƛƻƴ ǊŀǘŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ¢ŜƴƻƴΩǎ нлмр-2016 revenue is the 2015-2016 

average conversion rate provided by Banque de France: 

2015-2016 USD to EUR rate: USD 1.11 = EUR 1 

Technical and economic key elements [15] [16] 

Main technologies involved Geothermal fluid extraction and reinjection, two-stage heat extraction 

Installed capacity 27 MWth 

CAPEX of the project Not available. Financing by Contact Energy 

Subsidies, grants and financing Information not available 

Benefits Annual savings: EUR 670,000 (NZD 1.3 million) 

GHG emissions reduction : 28,000 tCO2/year 

Other benefits: corporate image, productivity gain, Energy Efficiency and 

Conservation Authority ς Energy Wise Awards 2007 Renewable Energy 

Category Winner, Association of Consulting Engineers ς Innovative Awards 

2007 Gold Award Winner, NZ Engineering Excellence Awards 2007 

Sustainability & Clean Technology Category winner 

Payback time Information not available 

Project by Dobbie Engineers Ltd 

Advantages Limits and shortcomings 

¶ Increased productivity by 5% 

¶ Operations facilitated by the possibility to adapt to 

greatly fluctuating loads and ramp up all kilns at the 

same timeΣ ǿƘƛŎƘ ǿŀǎƴΩǘ ǇƻǎǎƛōƭŜ ǿƛǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ 

kilns 

¶ Equipment implementation and integration to 

existing kilns was relatively simple, only requiring a 

minor 2-day shutdown of 7 kilns 

¶ Fuel switch from fossil to renewable  

¶ Offers 99% Availability 

¶ Jobs creation for local workforce 

¶ Requires the proximity of medium or high-

temperature geothermal field 

¶ CAPEX higher than for regular gas installation 

¶ Decreasing exploitation of geothermal resources in 

New Zealand due to limited number of permits 

¶ Geothermal projects can potentially cause social 

acceptability challenges when planned in touristic 

areas or for example in New Zealand on local Maori 

sacred grounds 
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2 . 4 P R O J E C T  A S S E S S M E N T  ς P O L I C Y  A N D  R E G U L AT I O N 

Main political and regulatory drivers 

¶ Long term investment in both geothermal electricity generation and direct use from major energy suppliers 

such as Contact Energy and Mighty River Power (Mercury) 

¶ New Zealand Resource Management Act (1991): granting of geothermal permits  

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

Project replicability 

¶ Industries with large demand of low-medium temperature heat  

¶ Implementation of projects of this type is facilitated by the proximity of surface geothermal fields. Deep 

geothermal projects can also be implemented at greater expense, exploiting resources harder to attain.  

¶ Volcanic regions have large geothermal resources and are particularly suitable for geothermal direct use or 

electricity generation projects. 

¶ The same type of project can also be implemented with other renewable heat sources, such as solar thermal 

or biomass/biogas heating 

Policy recommendations 

¶ Create the conditions for iterative exchanges between State administration and renewable energy 

pioneers/promoters about their experiences. Open a contributive index ranking the barriers and solutions. This 

initiative must lead to a long term view of RE projects, and be supported by communication and open data.  

¶ 9ƴŀōƭŜ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ǘƘƛǊŘ ǇŀǊǘȅ ŀōƭŜ ǘƻ ƛƴǾŜǎǘ ƛƴ ƎŜƻǘƘŜǊƳŀƭ ǇǊƻƧŜŎǘǎΣ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ άƘŜŀǘ ǇǳǊŎƘŀǎŜ 

ŀƎǊŜŜƳŜƴǘέ ǿƛǘƘ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǎƛǘŜΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ōȅ ǇǊƻǾƛŘƛƴƎ ŀ ƧǳǊƛǎŘƛŎǘƛƻƴŀƭ ŀƴŘ ǊŜƎǳƭŀǘƻǊȅ 

ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǘƘƛǊŘ ǇŀǊǘȅ ŎƻƳǇŀƴƛŜǎ ǘƻ ōǳƛƭŘ ŀƴŘ ƻǿƴ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎΣ Ǉƻǎǎƛōƭȅ ƻƴ ǘƘŜ ǎƛǘŜΩǎ 

ground.  

¶ Provide comprehensive cradle-to-grave guidelines for geothermal projects including key information such as 

known and exploitable geothermal fields, exploitation permit acquisition, environmental regulations, safety 

standards related to this particular activity, best practices, as well as dismantling or end of exploitation.  

 

Similar projects 

¶ Asaleo Care Kawerau, New Zealand: hygienic tissue manufacturing plant converted electric-driven dryers to 

geothermal steam 

http:// www.gns.cri.nz/Home/Learning/Science-Topics/Earth-Energy/Case-Studies 

¶ Lake Mývatn, Iceland: diatomite plant used high temperature geothermal fluid for drying process for over 30 

years. Plant closed in 2004 

http:// www.nea.is/media/utgafa/GD_loka.pdf 

 

2 . 5 C O N TA C T  AT  T E N O N  M A NU FA C T U R I N G  LT D 

Darryl Robinson, Sawmill Manager 

 

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
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3 SONY CORPORATION - CREATION OF A 
NATION-WIDE GREEN POWER 
CERTIFICATION PROGRAM BY AN 
ELECTRONICS COMPANY 

Company Sony Corporation 

Project commissioning year 2001 

Industry Electronics 

Site Japan 

Renewable energy technology Solar PV, Wind, Biomass heat 

Installed capacity Not Applicable 

 

 

Figure 13. View of {ƻƴȅ /ƻǊǇƻǊŀǘƛƻƴΩǎ ƘŜŀŘǉǳŀǊǘŜǊ 
(Source: Sony Corp.) 

 

 

3 . 1 I N D U S T R I A L  S E C TO R  A ND  L O C A L  E N E R G Y  C O N T EX T 

Industrial sector: Electronic and electric equipment manufacturing 

¶ The share of energy cost in manufacturing in Japan was 2.8 % in 2011 [17] 

¶ Examples of electronic and electric equipment sector primary energy consumption: 

 US: 154 TWh in 2011 [18] 

 China: 374 TWh in 2011 [19] 

¶ Stable power supply is critical for electronics manufacturing processes 

Product 
Hair 

dryer 

Coffee 

maker 

LCD 

monitor 

CRT 

monitor 

PC 

(tower) 

PC 

(complete) 

Washing 

machine 
Refrigerator 

Digital 

copier 

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

Figure 14. Survey of unitary energy consumption for materials and manufacturing of computer, electronics and 
electric appliances 

  






































































































































































































