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EXECUTIVE SUMMARY 

According to the IPCC 5th assessment report [1], the industry is one of the largest energy consumers 

(28%) and greenhouse gas (GHG) emissions contributors worldwide (30%). Industrial actors will have to 

play a significant role in GHG emission reduction, both by reducing their energy intensity and their 

carbon footprint. Integrating renewable energy (RE) production assets in their facilities is one means 

to achieve the 1.5-2ºC commitment of the Paris Agreement.  

The IEA-RETD RE-INDUSTRY study explores state-of-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 lessons learned1. 

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 energy procurement 

and use are technically and economically available all over the world, adapted to local contexts. RE 

integration in industry has already been adapted globally by a number of industrial players out of self-

interest. More than 200 projects were identified across all geographies, involving different industrial 

sectors and using an extensive array of RE technology options, from traditional ones such as rooftop 

solar PV to more innovative ones such as hydrogen production from a renewable source.  

Different integration schemes are possible, from simple and investment-light projects to more complex, 

interwoven projects yielding greater reductions in energy consumption and GHG emissions. 

¶ Green power procurement with a third party power producer on the premises of the industrial asset 

ς Volkswagen Chattanooga plant (US) purchases green power under a 20-year PPA from a 9.5 MWe 

solar PV park adjacent to the manufacturing plant. 

¶ On-site installation of fully owned and operated renewable power generation assets ς Brewery 

Vestyfen replaced an oil-fired boiler by a 4 MWth wood boiler (Denmark). Diavik Diamond Mines 

installed a 9.2 MWe onshore wind farm in its off-grid mine (Canada). 

¶ On-site installation of RE production assets and process adaptation ς Tenon Manufacturing (New 

Zealand) modified its natural gas-fuelled kilns to run on geothermal steam (27 MWth). 

¶ Paradigm shift: renewable raw materials and energy and valorisation of by-products ς Jain Irrigation 

System Ltd (India) transforms by-products of the tomato transformation process into biogas in the 

plant, digestate is then valorised on secondary markets as bio-compost. 

RE integration in industrial assets brings direct benefits to the industrial players, beyond what could be 

expected from the simple purchase of renewable power. The project drivers and the motivation of the 

industrial players vary widely depending on their location and their energy needs: 

¶ Reduced energy costs and price hedging from future increases of fuel and grid prices ς The 

dependence of Codelco Gabriela Mistral Division mine (Chile) on high prices of road-transported fuel 

ǿŀǎ ŀ ƪŜȅ ŘǊƛǾŜǊ ƻŦ ƛǘǎ ǘƘŜǊƳŀƭ ǎƻƭŀǊ ǇǊƻƧŜŎǘ όŀƴƴǳŀƭ ǎŀǾƛƴƎǎ ƻŦ ϵрΦо ƳƛƭƭƛƻƴύΦ 

                                                           

1 This study does not include overall statistics or statistical evidence. The 21 detailed case studies analyses are available in a 
separate document. 
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¶ Improved energy supply reliability ς Unstable supply due to its distance from the main distribution 

power grid drove Australian Tartaric Products (Australia) to develop a more grid-independent and 

stable electricity supply solution (CHP from grape waste). 

¶ Increased productivity ς Productivity increased by 5% at Tenon Manufacturing plant (New Zealand) 

after its 27 MWth geothermal project.   

¶ Additional revenue-generating opportunities through the sale of excess energy to the power grid or 

heat networks or other industrials ς Additional power generated by solar PV installation at 

Pepperidge Farm plant (USA) is sold to the grid at retail price according to the net-metering scheme 

in place in Connecticut. 

¶ Greater coherence with corporate environmental and local commitments ς Beyond economic 

profiǘŀōƛƭƛǘȅ όŀƴƴǳŀƭ ht9· ǊŜŘǳŎǘƛƻƴ ƻŦ ϵу ƳƛƭƭƛƻƴύΣ IƛƳŀ /ŜƳŜƴǘ [ǘŘ ό[ŀŦŀǊƎŜIƻƭŎƛƳ DǊƻǳǇ -  

Uganda) developed its coffee husk project to create income-generating activities offering a waste 

recovery solution to local communities. 

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

Eight issues have been identified that can tilt an industrial actor towards or away from deploying RE 

production assets in its facilities. Diverse policy options can be implemented to topple those barriers.  

Energy production regulatory regime (1): In various legislations, it is difficult to a) Error! Reference s

ource not found.produce energy using independent players and b) valorise energy through self-

consumption and/or the right to sell the energy produced. But these are fundamental requirements 

for RE deployment in the industry. Policy makers may ensure that these two regulatory requirements are 

implemented within the energy production regulatory regime.  

Investment (2): Third party energy production schemes represent a significant opportunity for industrial 

actors who lack the equity capital / cash needed to develop RE projects. RE projects require substantial 

up-front investment costs compared to the power purchase option and traditional fossil fuel generation 

units. Investment support mechanisms could be implemented to lower upfront costs for industrial 

companies.  

Payback times and return on investment (3): Beyond investment, RE projects often come with longer 

payback times and lower return on investment compared to the core activities of an industrial company. 

Preferential rates for the purchase of decentralized RE could be provided by public authorities to 

industrial companies (i.e. feed-in-tariff, net-metering, etc) as well as guidelines and 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 level to overcome this issue:  

¶ Transfer the investment to a third party energy producer 

¶ Oversize the installation to sell energy surplus to energy utilities and/or other industrial actors 

¶ Enhance the value of various by-products (mainly in biomass projects) 

¶ Anticipate and enhance heat/power synergies and energy efficiency 
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Technology maturity (4): Contrary to mature RE technologies (solar, wind, geothermal and biomass), 

some RE technologies applicable in the industrial context still require developments such as tri-

generation (power, heat and cooling generation) or renewable heat integration for various industrial 

processes. Varying technology maturities call for different financing and technical support from public 

entities. Investing in non-mature RE technologies carries specific risks that industrial players are not 

likely to be willing to take. Public entities should finance pilot projects to develop best practices and 

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 to bring either higher productivity or 

easier operability (in terms of supply) to the industrial actor. Adequate integration of RE production 

assets in an industrial site requires deep knowledge of: RE technologies, industrial processes and 

industrial, environmental, health and safety standards. Industrial players could plan RE asset accounting 

for synergies between process and energy streams, especially heat integration. The creation of poles 

of excellence at local level focused on RE integration into industrial processes can help standardize 

renewable heat integration for selected sectors. 

Risk mitigation and insurance mechanisms (6): Industrial companies deploying RE assets onsite may 

incur three important risks that may be seen as no-go barriers for many:  

¶ /ƻƴǘƛƴǳƛǘȅ ƻŦ ǎǳǇǇƭȅ Ŏŀƴ ǇƻǎŜ ŀ Ǌƛǎƪ ƻƴ ǘƘŜ ǇƭŀƴǘΩǎ ƻǇŜǊŀǘƛƻƴǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ƭŜǎǎ ƳŀǘǳǊŜ 

RE technologies or highly integrated RE production schemes (i.e. seasonality of biomass feedstock) 

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

¶ ¢ƘŜ w9 ŀǎǎŜǘΩǎ ǇǊƻŦƛǘŀōƛƭƛǘȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǎƻƭǾŜƴŎȅ ƻŦ ǘƘŜ ƻŦŦ-taker: industrial plants can be affected 

by market cycles or security issues which can lead to downsizing, relocation or even 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 fluctuation. Public policy should offer financial guarantees for 

RE in industry projects and guarantee them a reliable and affordable access to the grid for back-up.  

Contractual scheme complexity (7): The specific contractual complexity of power/heat purchase 

agreements and participation in the retail or wholesale electricity market can prevent industrials 

considering their application. Third party power producers look for 20 year PPA contracts, whereas 

industrial players have shorter time frame activities mainly determined by their market cycles. New, 

shorter-term contractual schemes ǘƘŀǘ Ŧƛǘ ōŜǘǘŜǊ ǿƛǘƘ ƛƴŘǳǎǘǊƛŀƭ ǇƭŀȅŜǊǎΩ ŎƻƴǎǘǊŀƛƴǘǎ ƴŜŜŘ ǘƻ ōŜ 

developed. 

Awareness (8): Communication on existing support mechanisms (incentives, guarantee, etc.), costs and 

best practices appears to be essential to fill the gap between simple knowledge of the subject and 

concrete implementation on the ground. Public entities should facilitate sharing relevant information 

on RE technologies and existing public technical and finance support. Industrial companies and OEMs 

should consider joining groups such as inter-professional associations to share knowledge with 

counterparts. 

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

Amongst the recommendations, three topics ς over and above additional financial incentives ς appear 

to have a high leverage potential on RE integration in the industry and should be promoted by policy 

makers in the global context of direct subsidy reductions due to public budget cutbacks. 
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¶ Guarantees to address risks: RE 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 providing financial guarantees (i.e. loan 
guarantee) on RE projects in the industry to help industrial actors to obtain funding. 

¶ Third party power production to address pay-back time and operational implementation: To 
reduce investment, simplify project implementation, 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 initiate the 
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ ŀ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ǘƻǿŀǊŘǎ ŘŜŎŜƴǘǊŀƭƛȊŜŘ ǇƻƭŜǎ ƻŦ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΦ 

¶ Localized policy demonstration projects and clusters to test optimal regulatory solutions: Policy 
makers are eager to see the development of new technologies and expertise 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 risks and thus continue to encourage the 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, contractual and 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 their 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. 
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GLOSSARY 

Anaerobic Digestion: Process by which microorganisms break down biodegradable material to produce 

fuels and reduce waste 

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

B2B: Business-to-business 

B2C: Business-to-consumer 

Bagasse: fibrous residue of sugar cane stalks 

Bioslurry: liquid residue from the digestion of organic waste, which can be used as fertilizer 

CAPEX: Capital Expenditure 

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

combustion 

CO2eq: CO2 equivalent 

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

power) 

CSR: Corporate social responsibility 

Digestate: Solid residue from the digestion of organic waste, which can be used as fertilizer 

DSO: Distribution System Operators 

EJ: Exajoule 

ETC: Evacuated Tube Collectors, a technology used for solar heat collection 

GHG: Greenhouse gases 

Gt: Gigaton 

IEA: International Energy Agency 

IEA-RETD: International Energy Agency - Renewable Energy Technology Deployment 

IPCC: Intergovernmental Panel on Climate Change 

IRENA: International RE Agency 

JISL: Jain Irrigation Systems Ltd., one of the companies interviewed during the case studies 

Ongrid / Offgrid: industrial sites that are connected / not connected to a regional or national power grid 

from / to which they can buy or sell power 

OPEX: Operating expenditure 

PPA: Power Purchase Agreement 

R&D: Research and development 

RE: Renewable Energy 

ROI: Return on investment 

SME: Small and medium enterprises 

Solar PV: Solar photovoltaic 

SPV: Special Purpose Vehicle 

Trigeneration: combined production of heat, electrical and mechanical power 
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INTRODUCTION 

RE integration in the industry goes well beyond the simple considerations of corporate social 

responsibility (CSR) and public 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 of energy costs, 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 the industry 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 

participaǘŜ ƛƴ ǘƘŜ Ǝƭƻōŀƭ ǊŜŘǳŎǘƛƻƴ ŜŦŦƻǊǘΦ ¢ƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘΩǎ ŎŜƴǘǊŀƭ ŀƛƳ ƛǎ ǘƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ Ǝƭƻōŀƭ 

response to climate change by keeping a global temperature rise within this century well below 2 °C 

above pre-industrial levels and to pursue efforts to limit the temperature increase to 1.5 °C. 

Industry is one of the largest energy consumers and GHG emissions contributors worldwide (176 EJ 

and 15.44 GtCO2eq in 2010 according to the IPCC 5th assessment report [1], respectively 28% and 30% of 

ǿƻǊƭŘΩǎ ǘƻǘŀƭύΦ Industrial actors will 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 CO2eq emitted per unit of energy consumed). Integrating 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 70% of 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 sources. The potential 

for emissions reduction in the industry is vast and achievable. 

At the same time, the integration of renewable energies on industrial assets can bring direct benefits 

to the industrial companies operating those assets, over and above what could be expected from the 

simple purchase of renewable power. These benefits can take the form of: 

¶ Reduced energy costs and price hedging from future increases of fuel and grid prices  

¶ Improved energy reliability and increased productivity 

¶ Additional revenue-generating opportunities through the sale of excess power/heat to the power 

grid / heat networks and/or other industrials 

¶ Greater coherence ǿƛǘƘ ŎƻǊǇƻǊŀǘŜ ƭŜǾŜƭΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ƭƻŎŀƭ ŎƻƳƳƛǘƳŜƴǘǎ 

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 

mechanisms2.  

                                                           

2 Waste heat is not included in the scope of this study which focuses on RE. 
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Energy is, and will remain, a fundamental input for the industry. However, new electricity 

procurement methods, adapted to local contexts, are technically and economically available all over 

the world and have already been adapted by a number of industrial players. 

In order to provide inspiration and state-of-the-art application of RE in the industry, the IEA-RETD 

commissioned the following study to 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 role of RE in the 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.  
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1. METHODOLOGY 

The case study 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 these, 21 case studies have been selected 

for detailed review, covering most geographical locations, sectors and technologies. Figure 1 shows the 

breakdown of listed and selected projects by geographical location, industrial sector and type of RE 

technology. Figure 2 represents the 21 selected projects analysed during the study.  

For each 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, economic and policy assessment of the project. The case 

studies are as follows and their review can be found in a separate document: 

1. Australian Tartaric Products (ATP) CHP from grape waste at a distillery plant (Australia) 

2. BMW landfill gas CHP, solar and hydrogen for plant and handling equipments (USA) 

3. Brewery Vestfyen wood-fired steam boiler (Denmark) 

4. Codelco solar flat-plate collectors to produce hot water for copper mining (Chile) 

5. Colruyt power-to-hydrogen from wind and solar energy to feed forklifts and trucks (Belgium) 

6. Diavik Diamond Mines wind turbines for power generation at mining site (Canada) 

7. EnFa 100% self-sufficient factory combining solar photovoltaic energy (PV) and biogas CHP 

(Germany) 

8. Jain Irrigation Systems Ltd (JISL) trigeneration from anaerobic digestion at a vegetable and fruit 

processing plant (India) 

9. Jiangsu Changshu Jinhong textile printing and dyeing plant using solar evacuated tube collectors 

(ETC) to pre-heat process water (China) 

10. Mitr Phol sugar mill CHP from bagasse (Thailand) 

11. Munster Joinery wind power and biomass combined heat and power (CHP) for a door and window 

manufacturing plant (Ireland) 

12. Nuova Sarda Industia Caesaria solar steam for cheese production (Italy) 

13. Pepperidge Farm hydrogen fuel cell and solar PV at a food processing plant (USA) 

14. Petroleum Development Oman solar enclosed trough steam generators for enhanced oil recovery 

(Oman) 

15. Roquettes Frères biomass boiler and geothermal plant for starch factory (France) 

16. SATMAR sea water heat pump for aquaculture (France) 

17. Sony green power certification program (Japan) 

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

19. Volkswagen /ƘŀǘǘŀƴƻƻƎŀ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇƭŀƴǘΩǎ ǎƻƭŀǊ ǇŀǊƪ ό¦{!ύ 

20. Hima Cement (LafargeHolcim Group) ς Switch from fossil-fuelled to biomass- and waste-fuelled 

kilns to produce cement 

21. Brau Union Österreich (Heineken Group) ς ²ƻǊƭŘΩǎ ŦƛǊǎǘ ŎŀǊōƻƴ ƴŜǳǘǊŀƭ ōǊŜǿŜǊȅ ό!ǳǎǘǊƛŀύ 

.ǳƛƭŘƛƴƎ ƻƴ ǘƘŜ ǊŜǾƛŜǿ ƻŦ ǘƘŜǎŜ ŎŀǎŜ ǎǘǳŘƛŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŀǳǘƘƻǊǎΩ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ of RE, 

industry and their common interactions, this study presents key lessons learned by industrial companies 

as well as recommendations for policy makers to further facilitate the use of RE within the industry. The 

core of this report (see 3), is structured around the main issues and opportunities that arise from the 

integration of RE production assets on industrial sites. 
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Figure 1. Breakdown of listed and selected projects by geography, industrial sector and type of technology 
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Figure 2. Overview of the 21 selected case studies 

En-Fa

Jiangsu Changshu Jinhong 
Printing & Dying 
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2. CASE STUDY SUMMARY  

  

2 . 1 . D R I V E R S  D I F F E R  W I D E LY  A C R O S S  P R O J E C T S 

¢ƘŜ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŎŀǎŜ ǎǘǳŘƛŜǎ ǎƘƻǿǎ ǘƘŀǘ ǇǊƻƧŜŎǘ ŘǊƛǾŜǊǎ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǇƭŀȅŜǊǎΩ ƳƻǘƛǾŀǘƛƻƴ ǘƻ ŘŜǾŜƭƻǇ 
onsite RE vary widely depending on their location and their energy needs. 

¶ Developed vs. Developing countries  

hƴ ŀǾŜǊŀƎŜΣ ŘŜǾŜƭƻǇƛƴƎ ƻƴǎƛǘŜ ǊŜƴŜǿŀōƭŜ ǇƻǿŜǊ ǇǊƻŘǳŎǘƛƻƴ ŎŀǇŀōƛƭƛǘƛŜǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƭŀǊƎŜǊ 
commitment to environmental protection was more often stated as an important driver for projects in 
ŘŜǾŜƭƻǇŜŘ ŎƻǳƴǘǊƛŜǎ ǘƘŀƴ ǘƘƻǎŜ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎ όǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ WL{[Ωǎ ǘǊƛƎŜƴŜǊŀǘƛƻƴ ǇǊƻƧŜŎǘ ƛƴ 
India and accounting for the fact that out of the 20 case studies, only 3 were rolled out in developing countries). 

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 avoided costs 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 that industrial companies look for. 

¶ On-grid vs. off-grid industrial sites 

Companies developing RE projects on off-grid industrial sites (copper mining in Chile and diamond 
mining in Canada) were mainly concerned with the reliability and the cost of their fuel supply. Both 
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 on-grid industrial facilities, energy supply reliability can also be an issue in countries with grid reliability 
concerns such as Australia (CHP for Distillery case study), India (JISL trigeneration unit) and the USA 
(Pepperidge fuel cells). 

¶ B2C vs. B2B industries 

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

The case study analysis resulted in the following key findings: 

¶ Drivers differ widely across the projects  

¶ Renewable power and/or heat integration projects lead to a large array of positive environmental 

impacts 

¶ Different levels of renewable energy integration are possible from green power procurement to 

more complex RE integration schemes within the core production processes 

¶ Financial support is not always required to run a successful project 
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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 by-products 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 factory, JISL food processing plant, Jiangsu Changshu textile plant, 
Diavik mines and Codelco mines). 

¶ Regulatory pressure 

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

2 . 2 . E N V I R O N M E N TA L  B E N E F ITS  O F  R E  H E AT  A N D  P O WE R  
P R O D U C T I O N   

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

benefits.  

Fuel switching to generate heat can have a positive impact in terms of GHG emissions reduction; this is 

particulaǊƭȅ ǘƘŜ ŎŀǎŜ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ Ǉƭŀƴǘǎ ǘƘŀǘ ŀǊŜƴΩǘ ŎƻƴƴŜŎǘŜŘ ǘƻ ƘŜŀǘ ƴŜǘǿƻǊƪǎΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ 

[ŀŦŀǊƎŜIƻƭŎƛƳΩǎ ǇǊƻƧŜŎǘ ŦƻǊ ŜƴŜǊƎȅ ǊŜŎƻǾŜǊȅ ŦǊƻƳ ŎƻŦŦŜŜ Ƙǳǎƪǎ ƛƴ ¦ƎŀƴŘŀ ǊŜŘǳŎŜǎ ǘƘŜ IƛƳŀ /ŜƳŜƴǘ 

ǇƭŀƴǘΩǎ DID ŜƳƛǎǎƛƻƴǎ ōȅ стΣллл ǘƻƴǎ ƻŦ /h2 per year. 

The recovery of local biomass waste and by-products to produce heat also has positive environmental 

impacts, particularly in terms of waste disposal impacts.  

¶ The BMW Manufacturing project in Spartanburg (USA) has reduced the carbon footprint of the 

landfill that supplies its cogeneration turbines.  

¶ 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 in its 8 MW boiler. 

Fuel switching for power generation also leads to a reduction in GHG emissions, notably in off-grid 

industrial sites where the alternative is mainly fossil fuels (diesel generators). The onshore wind project 

(9.2MWe) allowed the Diavik Diamond Mines to reduce its GHG emissions by more than 14,000 tons CO2 

per year. GHG emission reduction would be lower for RE projects in on-grid industrial sites, particularly 

in countries where the grid emission factor is low because the national power generation mix mainly 

relies on RE sources. 

The dependence of off-grid 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 Gabriela 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 . D I F F E R E N T  L E V E L S  O F  I N T E G R AT I O N A R E  P O S S I B L E 

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 investment-light projects to more complex, 

interwoven projects yielding greater reductions in energy consumption and emissions. 
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¶ 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 contracts with a third party power producer through 

a long-term 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.  

Figure 3 below shows the on-shore wind farm that supplies the Munster Joinery plant (Ireland) and the 

grid. 

 

Figure 3. Diagram of the Munster Joinery 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 the profit and loss 

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 integration schemes 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, which negotiated a 20 year flat-rate purchase agreement with 

Waste Management which operates the Palmetto landfill to ensure a steady supply of landfill gas 

(163,000 m3/day) to its Spartanburg plant in the US. 

 

Case studies  
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¶ On-site installation of 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 possibility. For example, it is easier for an industrial player to build 

and operate a solar roof than to contract a third party power producer to install a solar roof on its 

facilities; because risks are fully borne by the industrial prosumers and not subject to complex 

negotiations. Nevertheless, at the same time, not every industrial player has the in-house expertise to 

design, build and operate RE assets and integrated systems and acquiring that expertise may offset any 

initial economic gains. Such contractual agreements 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 

ǇǊƻƧŜŎǘ ƻƴ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƴŜǘ ǊŜǾŜƴǳŜǎ όǊŜǘǳǊƴǎ ƻƴ ƛƴǾŜǎǘƳŜƴǘ ŀǊŜ ǳǎǳŀƭƭȅ ƭƻǿer than those of the 

ƛƴŘǳǎǘǊȅΩǎ ŎƻǊŜ ŀŎǘƛǾƛǘȅύ ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘŜŎƘƴƛŎŀƭ ǎƪƛƭƭǎ ǘƻ ōǳƛƭŘ ŀƴŘ ƻǇŜǊŀǘŜ ǘƘŜ ŀǎǎŜǘΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ 

unless further integrated, such projects have a low impact on process energy consumption. 

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

fully operated by the company.  

 

Figure 4. Diagram of the Dan Chang sugar mill and cogeneration plant at Mitr Phol factory in Thailand (Source: Cogen3) 

Case studies  

       

      

   

Jiangsu Changshu Jinhong
Printing & Dying En-Fa
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¶ On-site 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 IRENA [3]. This percentage is even higher in the food, tobacco, pulp & 

paper and non-metallic 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 and they both constantly feed in one another. It is 

also a much costlier operation than the integration schemes presented above. However, as such types of 

projects have an impact on GHG emission intensity, switching from fossil fuel-based power and heat 

supply to RE, and as process energy represents the majority of industrial energy consumption, it can 

yield savings and emission reductions an order of magnitude higher. 

Figure 5 shows the energy supply systems progressively implemented at Heineken Göss brewery. The 

mashing process was adapted, switching the energy input from steam to hot water to integrate the solar 

thermal plant into the core processes of the brewery. 

 

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

Case studies:  

     

¶ Paradigm shift: renewable raw materials and energy and by-product valorisation 

This can be considered as the highest level of integration of renewables in an industrial facility. 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 energetically (woodchips, biowaste) or in the production process (bioslurry 

used as fertilizer). 




















































































