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 Company Description  Environmental Impact Score: 8.5/10* 

 Founded in 2020, Viridis Chemical is a green chemical 
 producer that focuses on the production of chemical 
 commodities using agriculture feedstock in place of 
 fossil fuel sources. Viridis currently produces ethyl 
 acetate using corn-based bioethanol at its first plant in 
 Columbus, Nebraska. 

 *These estimates are based on material and energy inputs and outputs 
 supplied by Viridis for its production facility in Columbus, NE which 
 started producing ethyl acetate in 2022. Boundless did not conduct a 
 technical verification at current or large-scale production and relied on 
 materials supplied by Viridis. 

 Headquarters  Houston, Texas  Boundless Analysis 
▶  This report compares Viridis’ dehydrogenation 

 ethyl acetate production process against 
 competing ethyl acetate production processes 
 such as esterification and direct addition. 
 Boundless also provides a comparison against 
 average corn ethanol dehydrogenation process 
 data found in literature. 

▶  The Environmental Impact Score is based on 
 per-unit impact for key performance indicators, 
 including greenhouse gas (GHG) Footprint, Water 
 Footprint, Fossil Energy Footprint, Freshwater 
 Eutrophication, Human Toxicity, Air Pollution, and 
 Ground-Level Ozone Formation. 

▶  Boundless scores Viridis’ dehydrogenation 
 production process 8.5 on a per-unit impact. 

▶  Production of ethyl acetate using corn-based 
 ethanol through Viridis’ dehydrogenation process 
 results in lower GHG emissions compared to the 
 competing and most widely used esterification 
 production process, which relies on using 
 fossil-based resources. 

▶  Boundless’ analysis found that Viridis’ ethyl 
 acetate production pathway significantly reduces 
 the use of fossil fuel resources when compared 
 with alternative ethyl acetate production 
 processes such as esterification and direct 
 addition. Viridis’ technology has a relatively low 
 Fossil Energy Footprint due to its use of 
 corn-based ethanol, compared with the 
 fossil-derived reactants in esterification and direct 
 addition production pathways. 

 Founded  2020 

 Business model  Limited Liability Company 

 Employees  30 

 Intellectual property  21 U.S. Patents; 26 Foreign 
 Patents; 14 Foreign Patent 
 Applications in Process 

 Website  www.viridischemical.com 

 Strategic partners  HELM, Koch Project 
 Solutions, EIV Capital, IFG 
 Asset Management 

 Alignment with the United Nations’ 
 Sustainable Development Goals 

 Industry, Innovation & Infrastructure 

 Responsible Consumption & Production 

 Climate Action 
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 Management Team 

 ▶  Carl Rush, President and CEO,  co-founded Emerging Infrastructure Capital Partners (EICP) and co-founded and served 
 as the CEO of Continuus Materials, a portfolio company of EICP. Carl was with Waste Management, the leading 
 provider of environmental services in North America, from 2001 until 2012, as a member of the Senior Leadership Team 
 and served as Senior Vice President of Organic Growth, where he and his team invested in and oversaw a portfolio of 
 some 35+ technology investments, primarily concentrated on deriving more value from waste. 

 ▶  Randy Whitaker, Chief Financial Officer,  has been involved as founder and CFO of several businesses, including within 
 the ethyl alcohol industry and with Continuus Materials, LLC, a company that converts waste materials to high-value 
 construction products. In 2014, Randy joined International Alliance Group, an engineering and construction services 
 firm that serves chemical manufacturing, refining, and other capital-intensive businesses, as a Director of Business 
 Development. Prior to that, Randy was with Waste Management in various accounting and finance roles for nearly 16 
 years. 

 ▶  Keith Terhune, Senior Vice President of Operations,  has had a long career of engineering and operational experience in 
 the chemical and energy industries. He was with Baker Hughes, Inc. for eight years in various roles managing the global 
 supply chain and manufacturing for oil field and specialty polymer chemicals. His 19 years with Eastman Chemical 
 Company included engineering roles in multiple world-class chemical plants. Most recently, Keith has provided 
 manufacturing and process safety consulting services to industrial companies manufacturing strategic specialty 
 chemicals. 

 Technology 

 ▶  Corn-based ethanol represents an alternative to fossil-based ethanol or ethylene, the main ingredient in the production 
 of ethyl acetate. Ethyl acetate is a widely used solvent, especially for paints, varnishes, lacquers, cleaning mixtures, and 
 perfumes. 

 ▶  Viridis uses ethanol that has a purity of over 99.7% as its feedstock. 

 ▶  The Viridis plant in Columbus, NE, has a nameplate capacity of 52,000 tonnes of ethyl acetate per year. 

 ▶  Viridis’ ethyl acetate is a USDA Certified Biobased Product that meets all requirements under the USDA BioPreferred® 
 program and is composed of 100% biobased materials. This program’s purpose is to enable economic development 
 and provide new markets for farm commodities. 

 ▶  Viridis’ ethyl acetate is Kosher certified. 

 Operations and Partnerships  Current Operations 

 ▶  Viridis’ ethyl acetate plant is based in Columbus, NE. 

 ▶  Viridis sources corn ethanol from the Midwest region of 
 the US. 

 ▶  Viridis has strategic partnerships with HELM, Koch 
 Project Solutions, EIV Capital, and IFG Asset 
 Management. 
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 Environmental Highlights 

 Summarized below are the most relevant impact categories and codes that refer to the United Nations’  Sustainable 
 Development Goals  (SDGs). The present section highlights  the most important factors that explain how this technology 
 impacts the environment and society. 

 Greenhouse Gas Emissions 
 Production of ethyl acetate using corn-based ethanol through Viridis’ dehydrogenation 
 process results in lower GHG emissions compared to the competing and most widely used 
 esterification production process, which relies on using fossil-based resources, and 
 significantly lower GHG emissions compared with the direct addition process. The GHG 
 Footprint of Viridis’ production pathway for ethyl acetate is estimated at 2.3 kilograms (kg) of 
 carbon dioxide equivalent (CO  2  e) per kilogram of ethyl  acetate. Note that this analysis uses 
 the IPCC 2013 100-year Global Warming Potential (GWP). 
 Relevant code:  SDG 13  , Climate Action 

 Industry, Innovation & Infrastructure 
 Viridis uses locally sourced feedstocks to support local economies throughout the supply 
 chain. Its production process contributes to the resiliency of the local agricultural sector by 
 providing an alternative use for agricultural feedstocks. Apart from reducing dependence on 
 fossil energy by using corn-based ethanol, Viridis’ production process captures the byproduct 
 hydrogen to offset natural gas usage in heat production. 
 Relevant code:  SDG 9  , Industry, Innovation & Infrastructure 

 Responsible Consumption & Production 
 Viridis’ use of corn-based ethanol reduces the consumption of fossil fuel in the production of 
 ethyl acetate from 64% to 79% compared with traditional fossil-based production pathways, 
 while also improving impacts on human toxicity, smog formation, and particulate matter 
 formation by not using materials like acetic acid and fossil-based ethanol. 
 Relevant code:  SDG 12  , Responsible Consumption & Production 
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 Benchmarking and Conclusions 

 Boundless compared Viridis’ ethyl acetate bioethanol dehydrogenation production process against three competing ethyl 
 acetate production pathways to evaluate relative life cycle performance across several Environmental Key Performance 
 Indicators (EKPIs): GHG Footprint, Fossil Energy Footprint, Water Footprint, Freshwater Eutrophication, Air Pollution 
 Emission Footprint, Human Toxicity, and Ground-Level Ozone Formation. 

 Boundless’ analysis found that Viridis’ ethyl acetate production pathway significantly reduces the use of fossil fuel 
 resources when compared with alternative ethyl acetate production processes such as esterification and direct addition. 
 Viridis’ technology has a relatively low Fossil Energy Footprint due to its use of corn-based ethanol, compared with the 
 fossil-derived reactants in esterification and direct addition production pathways. Viridis uses an undisclosed proprietary 
 catalyst to run its process. This catalyst has an expected lifespan of up to five years and therefore has a relatively small 
 influence on the overall measured impacts. In addition to bio-based reactants, hydrogen is produced during the 
 dehydrogenation process and recaptured to offset natural gas use for heat production in its production process, further 
 reducing the Fossil Energy Footprint of Viridis’ technology. The Human Toxicity impact of Viridis’ ethyl acetate production 
 process is among the lowest relative to other production pathways as they do not need to use acetic acid to produce the 
 ethyl acetate. However, due to the agricultural activities behind the production of corn ethanol, Viridis’ production 
 pathway has a higher Water Footprint and Freshwater Eutrophication impact than the esterification process, and a similar 
 impact compared to the direct addition process 

 Two independent experts on sustainable chemistry and ethyl acetate production processes reviewed the benchmarking 
 and EKPIs for Boundless’ Environmental Impact Assessment, informing the selection of the competitors to ensure 
 comparability across production pathways. The experts concluded that Boundless’ results provide both a good measure of 
 the environmental impacts of the various processes and that Viridis’ process has statistically significantly lower carbon 
 emissions than the competing esterification and direct addition processes. 
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 Environmental Key Performance Indicators (EKPIs) 

 Boundless evaluated the life cycle inputs and impacts per kilogram of ethyl acetate produced through Viridis’ and 
 competing production pathways, including direct addition, esterification, and conventional dehydrogenation (using 
 corn-based ethanol), considering a cradle-to-gate supply chain. This section presents a description of each EKPI addressed 
 and a review of Viridis ethyl acetate's environmental performance relative to its competition. 

 Greenhouse Gas Footprint 
 This metric represents the quantity of life cycle GHG emissions 
 resulting from ethyl acetate production and is reported in kg of 
 CO  2  e per kg of ethyl acetate produced. 

▶  Viridis’ ethyl acetate GHG Footprint is estimated at 2.3 kg CO  2  e 
 per kilogram. The largest contributor to Viridis’ GHG Footprint is 
 ethanol production from corn, at 75%, followed by natural gas 
 and electricity inputs needed in the ethyl acetate production 
 process. Steam inputs were modeled to be burden-free as Viridis 
 is using excess steam from neighboring facilities. 

▶  Viridis captures hydrogen produced from its dehydrogenation 
 process and uses it to offset natural gas needed to produce heat, 
 thereby decreasing emissions associated with heat generation in 
 the production process. 

▶  Viridis achieves an estimated 25% reduction in GHG emissions 
 compared to the esterification process, and a 65% reduction in 
 GHG emissions compared to the direct addition production 
 process. 

 Fossil Energy Footprint 
 This metric represents the fossil fuel energy inputs per kilogram of 
 ethyl acetate, including the production processes, embodied 
 energy of materials, and transportation steps through the supply 
 chain, reported in megajoules (MJ) per kg of ethyl acetate 
 produced. 

▶  The Fossil Energy Footprint of ethyl acetate production is 
 estimated at 26.4 MJ per kilogram of ethyl acetate, the lowest 
 among competitors. Hydrogen produced in Viridis’ production 
 process has been accounted for, lowering the overall use of 
 natural gas. 

▶  The largest use of Viridis’ fossil energy use, at 68%, comes from 
 (agricultural) activities needed for bioethanol production as well 
 as natural gas and electricity consumption resulting from the 
 ethyl acetate production process. 

▶  Compared with esterification and direct addition, Viridis’ process 
 achieves a reduction potential of 79% and 64%, respectively. 
 These production processes have high Fossil Energy Footprints, 
 as they rely on ethylene (or ethanol produced from ethylene) and 
 acetic acid, which has an energy-intensive production process. 
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 EKPIs continued 
 This section presents a description of continued EKPIs addressed and a review of each ethyl acetate production pathway’s 
 environmental performance relative to its competition. 

 Freshwater Eutrophication 
 Eutrophication is the build-up of chemical nutrients in an ecosystem 
 leading to abnormal productivity. This EKPI represents the levels of 
 nitrates and phosphates released throughout the supply chain of 
 ethyl acetate production, measured as grams of phosphate 
 equivalent (PO  4  e) per kilogram of ethyl acetate. 

▶  The estimated Freshwater Eutrophication impact resulting from 
 Viridis’ ethyl acetate production process is 13 grams PO  4  e per 
 kilogram of ethyl acetate produced. The dehydrogenation 
 process using bioethanol leads to a higher Freshwater 
 Eutrophication impact compared to the esterification and direct 
 addition process due to agricultural practices needed for 
 bioethanol production. 

▶  The difference in Freshwater Eutrophication between Viridis’ 
 process and the reported conventional dehydrogenation process 
 is a result of different bioethanol inputs modeled per unit of ethyl 
 acetate produced. 

 Water Footprint 
 This metric represents the water consumption for raw material 
 extraction, processing, and the manufacturing process of ethyl 
 acetate, measured as liters per kilogram of ethyl acetate produced. 

▶  The estimated Water Footprint of ethyl acetate produced by 
 Viridis’ dehydrogenation process is 64 liters per kilogram ethyl 
 acetate. Almost all of that Water Footprint results from water used 
 in agricultural activities for corn growth. The lower bar in the 
 graph represents locations where corn feedstock is fully rainfed. 

▶  Viridis’ estimated Water Footprint is 53% higher compared to the 
 esterification process, but 38% lower compared to the direct 
 addition process. 

 Particulate Matter Emissions 
 This metric represents the release of suspended extremely small 
 particles originating from anthropogenic processes, such as 
 combustion and resource extraction, to the air and is measured in 
 grams of particulate matter (PM  2.5  ) per kilogram of  ethyl acetate 
 produced. 

▶  The PM  2.5  emissions from Viridis’ process are estimated  at 0.88 
 grams per kilogram of ethyl acetate produced. Viridis achieves a 
 67% reduction in PM  2.5  emissions compared to the direct  addition 
 process. For this process, almost all PM  2.5  emissions  are a direct 
 result of the production of acetic acid, one of the main ingredients 
 needed in this production process. 
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 EKPIs continued 
 This section presents a description of continued EKPIs addressed and a review of each ethyl acetate production pathway’s 
 environmental performance relative to its competition. 

 Human Toxicity 
 This metric represents the release of chemicals to the environment 
 that are potentially toxic to humans. For each substance, Human 
 Toxicity is expressed using the reference unit kg 
 1,4-dichlorobenzene (1,4-DB) equivalent, which is a potentially 
 carcinogenic substance, per kilogram of ethyl acetate produced. 

▶  The Human Toxicity level of ethyl acetate produced by Viridis is 
 estimated to be 1.4 kg 1,4-dichlorobenzene equivalent per kg of 
 ethyl acetate produced. 

▶  The results represent the Human Toxicity impact resulting from 
 supply chain activities of ethyl acetate production and do not 
 focus specifically on chemicals used in different stages of the 
 production processes. 

▶  Producing ethyl acetate through Viridis’ production process 
 realizes an estimated Human Toxicity reduction of 38% 
 compared to the esterification and direct addition process. 

 Ground-Level Ozone Formation 
 This metric represents nitrogen oxides and volatile organic 
 compounds released that could contribute to ground-level ozone, 
 which is an air pollutant that is harmful to human health. This 
 metric is reported in kilograms of ozone equivalent (O  3  e) per 
 kilogram of ethyl acetate produced. 

▶  The Ground-Level Ozone Formation of ethyl acetate produced 
 through the Viridis process is estimated at 0.11 kg O  3  e per 
 kilogram of ethyl acetate. The result represents both the 
 production process and the agricultural activities behind 
 feedstock growth, with agricultural activities and bioethanol 
 production contributing almost 76%. 

▶  Ground-Level Ozone Formation resulting from the esterification 
 and direct addition production process largely results from the 
 production of ethylene and acetic acid. 

▶  Viridis is able to reduce the formation of ground-level ozone 
 through its ethyl acetate dehydrogenation process by 43% 
 compared to the esterification process, and by 57% compared to 
 the direct addition process. 
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 APPENDIX A: Summary of Life Cycle Product Inventory 

 The figure below depicts the composition of the overall GHG emissions associated with the production of 1 kilogram of ethyl 
 acetate produced through Viridis’ dehydrogenation process. Boundless estimated these emissions for Viridis’ process at 2.3 
 kg CO  2  e per kilogram ethyl acetat  e. 

 Scope 1 emissions are direct emissions from sources that are owned or controlled by the company. Scope 2 emissions refer 
 to indirect emissions from the generation of purchased energy, such as purchased electricity or heat. Boundless estimated 
 these annual scope 1 and 2 emissions based on one Viridis production plant with a production capacity of 52,000 tonnes of 
 ethyl acetate running at a 90% utilization rate. 
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 About Boundless Impact Research & Analytics 

 Boundless Impact Research & Analytics is a market intelligence and impact analytics firm that provides 
 quantitative and evidence-based research and data for investors, companies, and funds. Driven by the 
 latest research from independent industry and academic experts, Boundless Impact Research & 
 Analytics offers analysis, market trends, and evidence of best practices in a growing number of 
 emerging sectors that address significant environmental and health challenges. Our research into 
 emerging technologies, impact assessment of companies, and thought leadership provide investors with 
 the latest and most relevant information to drive their investment decisions. 

 Contact Us 

 Boundless Impact Research & Analytics 
 www.boundlessimpact.net 
 Michele Demers, CEO and Founder 
 mdemers@boundlessimpact.net 

 The information provided in this report by Boundless Impact Research & Analytics and accompanying 
 material is for informational purposes only. The information in this report should not be considered legal 
 or financial advice, nor an offer to buy or sell or a solicitation of an offer to buy or sell any security, 
 product, service, or investment. Boundless Impact Research & Analytics does not make any guarantee or 
 other promise, representation, or warranty as to the accuracy or completeness of the statements of fact 
 contained within, or any results that may be obtained from using our content. Neither this content, nor 
 the investment examples cited, should be used to make any investment decision without first consulting 
 one’s own financial advisor and conducting one’s own research and due diligence. To the maximum 
 extent permitted by law, Boundless Impact Research & Analytics disclaims any and all liability in the 
 event any information, commentary, analysis, opinions, advice, and/or recommendations prove to be 
 inaccurate, incomplete, or unreliable, or result in any investment or other losses. 
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