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Executive Summary  

The Centre of Research and Innovation (the Centre) is a collaborative effort of 

Grenfell Campus (GC), the College of the North Atlantic (CNA), and Corner Brook Pulp 

and Paper Limited (CBPPL). The Centre will support local and regional economic 

growth through innovation, research, and training and will serve as the hub of the 

regional innovation system. There are three related components to the project: 1) 

development of an Innovation Centre in downtown Corner Brook, Newfoundland and 

Labrador (NL); 2) research on the use of waste byproducts of the mill and new product 

development; and, 3) the development of training opportunities for CBBPL employees 

at CNA and GC.  

Several months ago, CBPPL was targeted by the US Department of Commerce 

with an export tariff of nearly 10%; recently, an additional 22% tariff was temporarily 

added, highlighting the volatility of international newsprint markets within the current 

geopolitical context. These tariffs dramatically reinforced the need for the mill to 

innovate both incrementally to reduce costs, and radically rethink products and 

processes so the company lessens its dependency on declining newsprint markets and 

ensures the region is on a more secure future economic path. The partnership between 

CBPPL, GC and CNA will enable the investigation of new opportunities for the mill to 

move into new products and pivot away from complete dependency on declining 

newsprint markets towards innovative sustainable markets. 

The Innovation Centre component will be a hub from which new businesses, 

ideas, and innovative practices will emerge through collision of industry and 

entrepreneurs, students and faculty, community leaders, and government officials. This 

aligns with recent research that speaks to the social nature of innovation and the need 

to support quadruple helix interactions amongst government, university/college, 

industry, and community. This goal is also aligned to territorial innovation models, 

including the provincial government’s focus in the western region on a regional 

innovation pilot related to forestry and agriculture. The research component will occur in 

two phases: first, the identification of incremental innovation opportunities for mill 

byproducts for use in the western Newfoundland agriculture sector, and more long-term 

radical innovation opportunities for high-tech bio-based product development. This 

research aims to improve CBPPL’s efficiency and identify alternative uses of waste that 

can generate new revenue streams for CBPPL or reduce waste removal costs, while 

exploring new commercialization opportunities. The training component represents a 

strategy for long-term employment and succession planning at CBPPL through the 

development of training initiatives tailored to meet skill requirements.  

The goal of the overall project is to jumpstart sustainable regional development 

for the western region of Newfoundland by strengthening collaboration between CBPPL, 

post-secondary institutions, government, and community partners to: 1) foster a culture 
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of entrepreneurship and innovation; 2) support training and succession planning of 

skilled workers at CBBPL; 3) co-create innovative and environmentally conscious 

industry opportunities and products; 4) support local and regional agriculture activities 

and initiatives; and 5) provide internship opportunities for graduate students at GC and 

students at CNA.  

To reiterate, research, innovation/entrepreneurship, and training are the key 

elements of the project. The research component partners have agreed to a five-year 

research agenda consisting of two phases, with the first phase focused on 1) better 

utilization of ash and sludge from the mill, 2) composting wood waste, 3) utilizing waste 

heat from the mill in a greenhouse initiative, and 4) exploring international marketing 

opportunities for current and potential paper products. CBPPL will contribute $50K per 

year for the five years of the research program. The research agenda for the second 

phase will be driven by the results of the first two years and emerging 

issues/opportunities. This five-year component will begin in September 2018, when 

faculty and student interns from GC will initiate research on alternate uses of heat, ash, 

and sludge waste streams from the mill. At the same time, construction of the proposed 

Innovation Centre site will begin with the renovation of the former Human Resources 

building of CBPPL, located at the intersection of Lewin Parkway and Mill Road in 

downtown Corner Brook. CBPPL has agreed to a 15-year lease on the building with a 

$1 per year cost to Grenfell Campus, the details of which are being worked out to 

ensure that the space will be secured for the long-term for the proposed project’s 

activities. CBPPL has also provided the preliminary engineering and design plans for 

the Innovation Centre as an in-kind contribution. CBPPL will include heat and light, 

janitorial services, snow-clearing and maintenance for the 15-year lease period. 

Renovations of the Centre are expected to be completed in 2019. Finally, development 

of a training program, primarily offered through CNA, is underway, with a separate 

proposal being developed for AESL for this component.  

The proposed project is a collaborative effort with regional and community 

partners, who will ensure the benefits of this project will be more wide-spread through 

the western region. This project aims to provide the scaffolding to spark larger, longer-

term transformational change in the western Newfoundland region, in which all project 

partners will play a pivotal role. The Centre of Research and Innovation will be 

monitored by a management committee comprised of CBPPL, GC, and CNA, as well as 

representatives from other key stakeholder groups. Partnerships for the Centre will 

include CBPPL, Western Newfoundland Entrepreneurs, the DIY Society, and the City of 

Corner Brook. The partners have also discussed the project with the Qalipu Mi’kmaq 

First Nation Band, which represents Mi’kmaq members across western Newfoundland, 

to explore opportunities for Indigenous entrepreneurship that could occur through the 

Innovation Centre. These partnerships will build on and enhance the existing 

collaborative problem-solving and economic development activities that have occurred 
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through initiatives such as CityStudio and the newly established makerspace and 

business incubator. Additional research partnerships with businesses in the western 

region have also been confirmed, including with West Valley Farms, Anaconda Mining, 

Hammond Farm, and New World Dairy.  

Key outcomes for the Centre of Research and Innovation will include: 1) 

infrastructure and capacity building; 2) research and development; 3) entrepreneurship 

and innovation; 4) education and skills training; and 5) growth in the agricultural and 

forest sectors. Benefits are expected for all partners involved including CBPPL, the two 

post-secondary institutions, the City of Corner Brook and community partners locally 

and throughout western Newfoundland. This project will also act as a catalyst for 

continued communication and collaboration among government, post-secondary 

institutions, industry and community players in pursuit of sustainable growth and 

innovative practices.  

Background 

The City of Corner Brook is located in the Bay of Islands area of western 

Newfoundland. The western region, whose boundaries come within the Long Range 

Mountains federal electoral district, had a population of approximately 86,553 in 2016 

(Statistics Canada, 2016). With a population of 19,806 in 2016 (Statistics Canada, 

2017), Corner Brook is the most populated community in the western region and its only 

urban centre. Central to the economic history and development of Corner Brook is ‘the 

mill’, established by what is now Corner Brook Pulp and Paper Limited (CBPPL) in the 

1920s (White, 2004). CBPPL continues to be a significant employer and industry in 

Corner Brook and the western region; however, international competition, declining 

demand for newspaper production and limited innovation and research has challenged 

its economic footing. Additional challenges such as the rising cost of disposal of waste 

products and increasing expectation of environmentally sustainable practices and 

products has motivated the establishment of our collaborative partnership. Our goal is to 

secure the place of the mill as a significant regional employer and industry into the 

future. In addition to aiding the mill, a partnership between CBPPL and various 

government, post-secondary and community actors could be leveraged for the benefit of 

Corner Brook and western Newfoundland. According to recent reports, many 

communities in the western region are experiencing significant population decline that is 

projected to continue for the next two decades (Simms and Ward, 2017). In addition, 

engagement sessions held in areas like the Northern Peninsula identified investment in 

entrepreneurship and innovation as essential for sustainable development and 

resilience (Butters et al. 2016). In light of the opportunities presented by a collaborative 

project with CBBPL, strong partnerships between key regional actors have emerged 

including GC, CNA, CBPPL and community and government partners. 
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The idea for the Centre of Research and Innovation emerged from initial 

discussions between Grenfell and CBPPL in January 2017. Early collaboration focused 

on ways that multi-sectoral partnerships could contribute to the sustainability of the mill 

and forest sector through innovation, enhanced environmental performance, and 

fostering synergies with other key sectors in the region. This led to further discussions 

about potential research opportunities, including alternative uses for waste byproducts 

from the mill, and a potential new home for the proposed makerspace/incubator on 

centrally located mill property.  

GC and CNA have a strong track record of collaboration, particularly with the 

Navigate Entrepreneurship Centre. Creating a pipeline of clients starting businesses for 

the proposed Centre is a natural progression of that partnership. The idea of moving the 

recently funded incubator and makerspace downtown within immediate proximity to the 

mill emerged as a way to create new and exciting collisions between the community, 

industry and faculty, students and staff of GC and CNA. While Navigate will continue to 

have a presence on both campuses, new synergies between CNA and Grenfell will be 

realized through having the makerspace and incubator co-located in the downtown 

region, with both campuses having a greater presence in the community.  

  Early discussion of these multi-sector collisions around technology in Corner 

Brook identified these interactions as a way to encourage innovative practice and 

sustainable development to combat population and economic decline in the western 

region. As these discussions led to formal partnerships, the Centre of Research and 

Innovation was designed as a way to respond to a need for increased collaboration in 

the western region. The Innovation Centre will provide a space to facilitate 

communication and collaboration among multiple regional institutions, students, 

employees of CBPPL, and community members. It will also house and allow access to 

technologies not widely used in the region, such as 3D printing and Raspberry Pi, as 

mechanisms to spur entrepreneurship and innovation, ensuring that the Centre has 

significant impact beyond CBPPL. The research component of the project responds to 

a need for post-secondary-industry collaboration to ensure long-term regional 

employment and training opportunities and will strengthen the position of CBPPL 

through improved competitiveness and repositioning or pivoting from its current 

newsprint focus towards diversification through research and development. The 

research component will also have significant benefits for the western Newfoundland 

agriculture sector. In 2014, NL sourced just 29% of all agriculture and food products 

domestically, while 53% came from other parts of Canada and 18% were imported from 

abroad. The agriculture component responds to a need for increased food production 

within the province as evidenced by the 43 recommendations in the Province’s “The 

Way Forward - On Agriculture,” where GC is identified as a key partner on 13 of those 

sector priorities. By focusing the first phase of research projects on byproduct upcycling 

for soil amendment and other uses, the project will deliver direct benefits to the regional 
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agriculture sector and further provincial capacity to achieve food security. The training 

component will ensure that CBPPL’s s current and future workforce will have the 

necessary skills for the mill to prosper. Through the development of a new program by 

CNA and CBPPL, the training component will provide skills for prospective employees 

who are replacing those retiring from CBPPL; in essence, it will provide the foundation 

for the mill’s succession planning. The training component is part of the Centre for 

Research and Innovation project; however, funding for this component is not being 

requested in this proposal.  

The Centre of Research and Innovation will support the development of regional 

competitive advantage by anchoring the local regional innovation system (i.e., capacity 

at Grenfell and CNA to work with local industry). It will do this by developing new 

products through related variety, or supporting existing strengths in the local economy in 

forestry and agriculture. The Centre and project partners will accomplish this by 

strengthening access to science and technology that can lead to knowledge spillovers 

across key complementary sectors in the region. This can support industry by raising 

productivity, improving business services, making research more accessible to local 

firms, and supporting the creation of new products and services. An example of this 

support to industry through research capacity is in soil science through the Boreal 

Ecosystem Research Initiative, where forestry related research on ash and sludge 

waste can be leveraged for enhanced agricultural outcomes through new soil additives. 

Linkages to mining will support regional mining firms such as Anaconda through the 

evaluation of the 2 million tons of mine tailings to examine additional agricultural uses 

for soil amendment. In this way, the Centre, in conjunction with GC and CNA, will 

support regional economic growth and more efficient use of resources by building on 

the strengths of the forest sector through new bio-innovation opportunities in agriculture 

and mining.  

The Centre will facilitate research to encourage environmentally sustainable 

industry practices and investigate new opportunities in clean technology (e.g., through 

projects such as studying the use of waste heat from the mill to power a commercial 

greenhouse that will also address concerns related to food security and the availability 

of local produce). The Centre will also become a hub for multi-sectoral communication 

and collaboration necessary for knowledge spillovers to occur between sectors, 

industrial partners, startups and local and non-local science capacity. It will also build on 

and enhance partnerships such as with CityStudio, which has allowed the City of Corner 

Brook to benefit from expertise of Grenfell faculty and students to help solve urban 

planning challenges. Up until now, CityStudio coursework has been delivered partly at 

Grenfell and partly in City Hall, but the Innovation Centre offers an ideal collaborative 

space in downtown Corner Brook for this curriculum to be delivered in situ. To that end, 

dedicated space will be set aside for CityStudio within the proposed Innovation Centre. 
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A key role of the Centre will be to encourage entrepreneurship and thereby drive 

innovation and growth in the regional economy. Navigate has a strong track record of 

supporting business startups in western Newfoundland, including successful firms like 

Newfound Sushi, Voltfuse, and the Bootleg Brew Co. The housing of Navigate, 

including its new makerspace and business incubator, in the proposed Innovation 

Centre will dramatically increase its ability to spur a culture of entrepreneurship in the 

region by incubating successful start-ups that build on regional advantages. Many new 

events will take place in the Centre, including “start-up weekends,” design sessions, 

robotics and coding training, and other related programming. The makerspace and 

business incubator will serve as integral sites of collision between entrepreneurs in the 

community while providing resources and workspace to new firms. The addition of this 

entrepreneurship focus is a key missing element for local growth in clean tech and the 

bio-economy in the region. The unleashing of individual creativity and entrepreneurship 

stimulated by the Innovation Centre will have a transformative impact on the regional 

economy. Finally, this project will have a lasting impact on the regional economy and 

institutional ecosystem by providing a scaffolding for future collaborative economic 

development projects. By forging the partnerships between the involved partners, the 

project will pave the way for larger-scale collaborations to seize on the bio-innovation 

potential within the western region, such as biofuel production and other sustainable 

forestry products. In this way, the project will build the foundation for future collaborative 

developments with potential to unleash transformative impact on the western region and 

on the provincial economy overall. 

Vision, Mission, Goals and Values 

Vision: 

● To create a hub of applied research, community engagement and learning, 

creativity and entrepreneurship where energy, ideas and technology collide to 

spur new products and processes that reinvigorate our region by driving our 

active participation in the knowledge economy and fostering a culture of 

innovation.  

● To create opportunities for applied research and training that will contribute to the 

sustainability of the CBPPL mill and forest sector through innovation, enhanced 

environmental performance and fostering synergies with other key sectors in the 

region. 

 

Mission:  

● To provide space for myriad collaborations, as well as unique partnerships that 

spark innovation and creativity and transform our local culture and economy. 
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● To support applied research that will generate benefits for government, post-

secondary, industry and community partners in western Newfoundland. 

● To develop training programs tailored to the needs of CBPPL succession 

planning and thus provide long-term employment opportunities for current and 

future residents of Corner Brook. 

 

Goals:  

 Short term 

● Encourage mentoring and the transfer of knowledge and practice 

● Support modelling technology and innovation  

● Support rapid prototyping  

● Secure markets for existing CBPPL products 

 

Medium Term 

● Provide opportunities for student training in research related to pulp and paper 

processing 

● Support environmentally responsible use of CBPPL waste byproducts 

● Provide local training opportunities in pulp and paper processing 

● Engage youth and expose them to new ideas and future opportunities 

 

 Long term 

● Develop a maker culture or tech-based ‘do it yourself’ culture of making products 

for the marketplace with an artisanal spirit 

● Encourage a culture of conservation, reuse and repair versus disposal and 

consumption  

● Generate alternate revenue streams for CBPPL through new product 

development 

● Stimulate robust collaboration between government, education, industry and 

community partners now and into the future 

● Secure international markets for new and value-added CBPPL products 

 

 

Values  

● We value the strength of weak ties 

● We value our community partners  

● We value the energy and synergy of maker culture 

● We value the free expression of ideas and safe space  

● We value proximity: physical, cognitive, social, cultural 
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Relevance to Local, Provincial and National 

Priorities 

 

 The Centre for Research and Innovation project addresses many of the goals 

and objectives outlined by municipal, provincial and national priorities related to 

economic growth and development, environmental sustainability, and innovation. 

Memorial University’s Innovation Plan aims to advance and support innovation projects 

and proposals, connect government and regional organizations with industry 

organizations, non-government organizations, and businesses. It also seeks to 

encourage interdisciplinary collaboration and information sharing amongst participants 

in innovation projects throughout the University. These aims have been incorporated 

into Grenfell Campus innovation plans, centred on developments in forestry, agriculture 

and indigenization. As such, the core tenets of the Centre for Research and Innovation 

project have been developed to address many of these goals.  

 In terms of the Federal agenda, the Centre for Research and Innovation will 

support innovation in key growth industries outlined in Canada’s Innovation and Skills 

Plan (2017) - clean technology, digital innovation and coding, and agrifoods. The Centre 

will also stimulate economic growth, create clean jobs, and drive innovation in the 

transition to a low carbon economy, as suggested in the Atlantic Growth Strategy 

(2017). In terms of the provincial agenda, the project will include elements of research 

and new product development, as well as investment in technologies and improved 

technological efficiency. These outcomes align with objectives outlined in Newfoundland 

and Labrador’s Business Innovation Agenda (2017). It will transform and revitalize the 

forest sector through innovation and research while supporting agricultural development 

in western Newfoundland, thus meeting goals of both the Provincial Sustainable Forest 

Management, 2014-2024 and Our Farms, Our Food, Our Future (Department of 

Fisheries and Land Resources, 2014). The research component will also be significant 

in encouraging environmentally sensitive industry practice at CBPPL and thus help 

reduce industry-related greenhouse gas emissions, as called for in Charting our Course: 

Climate Change Action Plan 2011 and the Pan-Canadian Framework on Clean Growth 

and Climate Change. The Centre will support key goals of the provincial government’s 

Regional Innovation System Pilot in forestry and agriculture currently underway in the 

Corner Brook region. In terms of municipal goals, the Centre for Research and 

Innovation will help invigorate Corner Brook’s downtown, celebrate local heritage 

through the preservation of a historic downtown building that reflects Corner Brook’s 

industrial history, and put Corner Brook on the path to becoming a model for 

sustainability and innovation in Newfoundland, as outlined in Corner Brook’s Integrated  

Community Sustainability Plan (2012). The introduction of a new training program at 

CNA tailored to the employment needs of CBPPL will also help strengthen the local 
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workforce through education and training as outlined in the Advanced Education, Skills, 

and Labour (AESL) Strategic Plan, 2017-2020. Overall, the Centre for Research and 

Innovation project addresses priorities outlined by all levels of government in the pursuit 

of sustainable economic development, as demonstrated in Figure 1. 

Figure 1: Relevance of Centre for Research and Innovation project mission 

to municipal, provincial, and federal goals and policies 
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Project Description 

 As mentioned above, the Centre of Research and Innovation is comprised of 

three components: 1) Innovation Centre, 2) Research, and 3) Training. Each will 

operate individually and in tandem to support economic growth and resilience in Corner 

Brook and western Newfoundland. Acknowledging the significant role the mill has 

played in the historical development of Corner Brook as an industry town, CBPPL is the 

hub around which each of these components will revolve. It is hoped that multi-sectoral 

collaboration will not only support the continued role of the mill in the Corner Brook and 

regional economy as a local industry and employer, but also act as a platform on which 

new businesses, increased social and human capital, and new industry may be built.  

 

1) Innovation Centre: Makerspace + Incubator + Co-working space + Research space 

           The first component of this project is focused on the creation of a new applied 

research and innovation centre in Corner Brook. Key partners in this component are 

CNA, GC, and CBPPL. The Innovation Centre will be housed in the former CBBPL 

Human Resources Building. Though unoccupied since 2004, CBPPL has maintained 

the building.  CBPPL has offered its use on a 15-year lease for the nominal rent of 

$1/year. Terms of the lease will ensure that the building will remain used for the 

Innovation Centre. It will house a makerspace, incubator, co-working space, training 

centre and research space. Navigate is expanding to include an incubator and 

makerspace through funding approved by TCII, ACOA, and AESL.  

 

● A makerspace is a collaborative, community-based workspace stocked with tools 

and materials for people to experiment and create new products.  

● An incubator is a physical location that provides a defined set of services to new 

entrepreneurs or small businesses.  

● Co-working spaces house a collection of people who work independently, but 

who share values for shared working arrangements and collaboration and who 

are interested in the synergy that can happen from working together.  

 

Staff have been hired and the new facilities are in the process of being set up on GC 

(makerspace) and CNA (incubator). This proposal envisions moving these 

entrepreneurially-focused initiatives, as well as infrastructure acquired for them using 

federal and provincial funding support, to the former Human Resources building to 

embed GC and CNA entrepreneurship and innovation activities in the downtown core.   

 

There will also be a community education component to the Innovation Centre 

where community and industrial partners can avail of technology-based training in arts 

and craft, as well as trades. The Innovation Centre will house cutting-edge technologies 
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like coding tools, robotics, and design software. Workshops and courses will be offered 

by partner organizations - such as GC, Western Newfoundland Entrepreneurs, and the 

DIY Society - on business development and arts and crafts such as sewing and jewelry 

making. Plans are also underway for high school coding workshops led by GC faculty to 

be held at the Innovation Centre, exposing local youth to new programs and skills 

training opportunities.   

Working with government (ACOA, TCII, and AESL), community, and business 

(including start-ups and industry partners), the ultimate goal of the makerspace, 

incubator and co-working space is to reinvigorate the western region by driving active 

participation in the knowledge economy and fostering a culture of innovation. The 

resources at the Innovation Centre will provide individuals with access to materials, 

workspaces, and learning opportunities that will, in turn, encourage innovative ideas, 

collaborations, and new businesses. As such, the Innovation Centre will have the 

potential to secure the economic well-being of the region by bringing together 

educational/research institutions, an important local industrial player, and all levels of 

government to support the sustainability of the region through collaboration, skills-

sharing, and innovation.  

 

2) Research 

           The second component of this project is research-focused. Key partners in this 

component are CBPPL, GC, and CNA. The research component includes eight 

potential projects within two phases. Within Phase 1, three research projects will study 

the feasibility, parameters, and processes for improved utilization of byproducts of 

CBPPL mill operations, including their use for agricultural development. These projects 

propose avenues for incremental innovation through the streamlining of mill processes. 

The fourth project will identify business opportunities and markets for existing and 

potential new and value-added products at CBPPL. The other four projects within Phase 

2 will present opportunities for radical innovation and disruption of the current 

operations in paper making at CBPPL through new product development.  

The goal of this research component is to improve the mill’s economic 

competitiveness through developing alternate revenue streams from CBPPL waste 

products while supporting sustainable and profitable agricultural practice in the western 

region and kickstarting new commercialization opportunities in cutting edge bio-

innovation product streams.  

 

Incremental Innovation Research 

 

Project 1: Ash & Sludge Research 

Principal Investigator:  
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Dr. Mumtaz Cheema (Boreal Ecosystem Research Initiative, School of Science and the 

Environment, Grenfell Campus) 

Co-Investigators:  

Dr. Adrian Unc (Boreal Ecosystem Research Initiative, School of Science and the 

Environment, Grenfell Campus) 

Dr. Lakshman Galagedara (Environmental Science/Boreal Ecosystem Research 

Initiative, School of Science and the Environment, Grenfell Campus) 

Dr. Raymond Thomas (Boreal Ecosystem Research Initiative, School of Science and 

the Environment, Grenfell Campus) 

Dr. Doreen Churchill (Natural Resources Canada – Canadian Forest Service; Grenfell 

Campus) 

 

Ash is composed of many major and minor elements needed for plant growth. 

Calcium (Ca) is the most abundant element in wood ash and gives the ash properties that 

are similar to agricultural lime. Wood ash contains inorganic and organic residues that 

were found to be a good source of nutrients to plants, such as potassium (K), phosphorus 

(P), magnesium (Mg), calcium (Ca), and micronutrients (Saarsalmi et al. 2004; Demeyer 

et al. 2001; Kukier and Sumner 1996). Wood ash may produce greater plant growth 

compared with limestone due to the presence of additional nutrients. Biochar (BC) is 

produced from the pyrolysis of organic materials, e.g. crop and wood residues, animal 

manures and a range of industrial wastes such as paper sludges and biosolids (Jones 

and Healey, 2010; Sohi et al., 2010; Lehmann, 2007). BC has supplied a range of 

agronomic benefits, e.g. increased nutrient cycling, improved fertility and health (Sohi et 

al., 2010; Atkinson et al., 2010; Lehmann et al., 2006) and environmental benefits, e.g. 

production of bioenergy, climate change mitigation and adsorption of heavy metals 

(Atkinson et al., 2010; Lehmann et al., 2006; Cao et al., 2009; Kookana et al., 2011), 

making it a potentially valuable and sustainable tool to improve soil quality. BC prepared 

at a lower temperature from crop residue feedstock have high levels of extractable 

cations, available P, high alkalinity and CEC making it a good candidate for a soil 

ameliorant (Wu et al. 2012). Further, high temperature BC is inert and recalcitrant to 

degradation; thus less decomposable and bioavailable to microorganisms (Glaser et al. 

2002).   

A 2010 study tested five weekly composite samples of CBPPL fly ash for metal 

content and select hydrocarbons of concern (Churchill and Kirby 2010). The ash 

samples were collected regardless of biomass to oil fuel ratio used in the boiler. The 

ash had high levels of Ba, Cu, Zn (five samples), Cd, Ni (four samples), Cr (two 

samples) and V (one sample) that were above the Canadian Council of Ministers of the 

Environment (CCME) Soil Quality Guidelines for the Protection of Environmental and 

Human Health for agricultural soils (CCME Soil Quality Guidelines) (CCME 2016). 

Using the CCME Guidelines for Compost Quality Class A (CCME Compost A 
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Guidelines) only two metals were above allowable levels: Mo (five samples) and Ni 

(three samples) (CCME 2005). The hydrocarbons were all below allowable levels from 

the CCME Soil Quality Guidelines for all five weekly composite samples (PAHs 

(benzo(a) pyrene, naphthalene). PCBs were not detected; dioxin/furan were detected 

but below allowable levels). 

  

A compost trial using CBPP ash was attempted in 2012, but insufficient amounts 

of fly ash were used and the data was inconclusive (Kirby 2014). In 2014 CBPPL ash 

was tested again for metals and hydrocarbons but in this case ash was only collected 

when the feed ratio was no less than 95% biomass by weight (Janes and Jiao 2014). A 

total of six samples were collected under various operating conditions of the boiler. 

Similar results were obtained as in the 2010 study. In this case, when compared to the 

CCME Soil Guidelines, all samples had higher than accepted levels of Ba, Cu, Zn, Ni 

and Cr. One sample had an elevated level of Cd. When compared to the CCME 

Compost Guidelines, again only Mo and Ni were present in amounts above allowable 

levels. Hydrocarbons results were the same as the 2010 study with all compounds 

tested either not detected or below acceptable levels. 

  

Previous studies have demonstrated the role of wood ash as a liming material and 

BC to enhance nutrient availability and remediation of heavy metals. However, interactive 

effects of wood ash and BC in enhancing bioavailability of plant nutrients, soil quality, 

plant growth, yield and adsorption of heavy metals has not been fully explored. Therefore, 

we hypothesize that adding wood ash, and sludge in combination with biochar to 

agricultural soils would be a cost-effective liming and nutrient source and a viable 

approach. Considering the increasingly high cost of liming materials, fertilizers and a 

preferred economic disposal method of wood ash and sludge generated by the CBPPL, 

as well as the multifaceted benefits of biochar, the proposed study has been designed to 

achieve the following objectives: 

  

1: To assess the temporal bioavailability of nutrients, heavy metals, and active microbial 

community structure in wood ash and sludge. 

2: To optimize the application rates of wood ash, sludge alone and in combination with 

biochar on the growth and yield of agronomist and horticultural crops. 

3: To investigate the effects of wood ash, and sludge alone and in combination with 

biochar on solid active microbial community structure, soil health, and soil fertility in 

agronomic and vegetable crops. 

4: To investigate the effects of wood ash, and sludge alone and in combination with 

biochar on safety and quality indices, or phytonutrients content of agronomic crops and 

vegetables. 
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5: To develop and test a greenhouse growth medium (bulk density, porosity, WHC, 

available water, and aggregate stability) based on wood ash and sludge in combination 

with biochar. 

6: The overall objective of this subproject is to determine the effectiveness of biochar in 

reducing mobility of heavy metals in soil, and more specifically to: 

1. determine the effectiveness of CBPPL ash and biochar; both alone and 

combined, as a soil amendment and 

2. to determine if any of the metals present in the ash will be mobile in the soil 

and what effect the biochar will have on that mobility. 

3. To assess plant uptake of metals from fly ash alone and with biochar present. 

(Intern: PDF) 

  

These experiments will be conducted in either the walk-in growth chamber 

(recently installed at Grenfell Campus) or greenhouses at Wooddale Agriculture and 

Forestry Development Centre, Agriculture and Lands branch, Department of Fisheries 

and Land Resources. 

 

Project 2: Feasibility of using paper mill secondary sludge for composting wood waste 

for agricultural, forestry, hydrocarbon and soil remediation applications  

 

Principal Investigator:  

Dr. Mano Krishnipillai (Environmental Science/Boreal Ecosystem Research Initiative, 

School of Science and the Environment, Grenfell Campus) 

 

An alternate way of utilizing the sludge is to co-compost the sludge with other 

waste products such as wood bark and sawdust. There have been attempts to compost 

paper mill sludge with wood waste materials with varying degree of success (Wysong 

1976; Mick et al. 1982; Campbell et al. 1995; Dinel et al. 2004; Thyagarajan et al. 2010). 

Champagne et al. (2002) looked at optimizing composting of paper mill sludge and 

hardwood sawdust under optimum conditions. Alvarenga et al. (2015) compared the 

benefits versus limiting factors of using sewage sludge and compost as agricultural soil 

amendments. Jackson et al. (2000) studied the forestry application of composted pulp 

and paper mill sludge specific to a young pine plantation. 

  

There have been attempts to remediate hydrocarbon-contaminated soils using 

different composts. Chiu et al. (2009) used spent mushroom compost for bioremediation. 

Malakahmad and Jaafar (2013) investigated bioremediation of oil sludge contaminated 

soils using refinery plant treatment sludge and succeeded in removal of about 55% 

hydrocarbon removal. Adekunle (2011) had a success rate of 40 – 76% of hydrocarbon 
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removal using composted municipal wastes for bioremediation of soils contaminated with 

Nigerian petroleum products. 

  

Helmissari et al. (2007) and Farrell and Jones (2009) studied the effect of compost 

on remediation of heavy-metal contaminated soils. Madejón et al. (2016) looked at 

improving the sustainability of contaminated site using compost. Shutcha et al. (2015) 

studied the effect of revegetation on a copper smelting site soil remediation. 

  

The overall objective of this research is to determine the feasibility and effectiveness 

of composting paper pulp sludge with woody material to create a soil amendment for 

remediating hydrocarbon contaminated soil, and more specifically:  

  

1. to determine the nutrient and contaminant content of paper mill sludge; 

2. to test the effectiveness of sludge in co-composting woody material; and 

3. to determine the effectiveness of sludge/compost to remediate hydrocarbon  

contaminated soil. 

 

 

Project 3: Feasibility study of greenhouse facility to use mill by-products  

 

Principal Investigator:  

Dr. Mumtaz Cheema (Boreal Ecosystem Research Initiative, School of Science and the 

Environment, Grenfell Campus) 

 

Co-Investigators:  

Dr. Kelly Vodden (Environmental Policy Institute, School of Science and the 

Environment; Office of Research and Graduate Studies, Grenfell Campus) 

Dr. Lakshman Galagedara (Environmental Science/Boreal Ecosystem Research 

Initiative, School of Science and the Environment, Grenfell Campus) 

Dr. Maria Kilfoil Navigate, Grenfell Campus 

 

The proposed project will examine the potential for use of heat by-products from 

Corner Brook Pulp and Paper Ltd. (CBPPL). One potential option for utilizing this waste 

is a greenhouse facility. Such a facility could support experiments related to the other 

subprojects noted above and potentially, in the future, for growing produce for the local 

market. Exploration of the greenhouse project options will focus on three by-products, 

including waste heat but also wood ash and a sludge derivative of the pulping process. 

Combined in a greenhouse facility, there is potential for the re-use of these resources to 

considerably reduce the waste stream of CBPPL and related costs, while delivering 
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positive social and environmental impacts to Corner Brook and the wider western 

Newfoundland region. 

Methods for harvesting waste heat exhaust energy, and turning it back into useful 

energy thereby increasing overall energy efficiency, have been developed and this is an 

active area of materials development (Hodes 2010; Martins et al. 2011; Park et al. 2016; 

Said et al. 2016; Wang et al. 2018). Previous research has uncovered significant 

heating potential from the effluent disposed of by CBPPL, as well as public receptivity to 

the idea of using this heat and other by-products to construct a greenhouse. The 

receptivity of consumers in the Corner Brook area to utilizing waste heat and other by-

products to operate a greenhouse has been gauged on a pilot scale through initial 

market validation conducted with Corner Brook consumers at the Wonderful Fine 

Market in April 2017. Results of this pilot study identified a general interest in 

purchasing produce from greenhouse that utilized by-products from CBPPL, but also 

revealed some concerns about the safety of produce grown with the identified by-

products.  

 

The multiple waste streams from CBPPL’s operations provide a number of potentially 

valuable inputs for greenhouse agriculture in western Newfoundland, including residual 

heat, ash, and sludge. However, the availability of the heat resource is currently 

unknown, as is the safety of the ash and sludge by-products, which have potentially 

valuable soil amendment properties but must first be tested by the first two projects in 

this proposal. Furthermore, there are no commercial greenhouses in western 

Newfoundland that use soil (there is currently one hydroponic greenhouse facility in 

Stephenville), providing an opportunity for developing soil-based agricultural production 

in a year-round facility to produce for the local market. Additionally, it is unclear whether 

these technologies will be sufficient for exploiting the heat resource in CBPPL water 

effluent. New technology may need to be developed, or existing technology adapted, to 

suit the specific requirements of the mill’s operations and optimize not only the capture 

but also the efficient use of the available heat resource. 

The overall objectives of this subproject are to: 

1.   Assess available heat energy from CBPPL water outfall. 

2.   Assess potential for greenhouse production utilizing heat energy in this 

particular setting, including technological, financial, legislative, and human 

resource needs of the project and potential ongoing research opportunities 

related to these findings, based on different scenarios (e.g. commercial 

production, experimental use, etc.) 

3.   Conduct a business case analysis for the greenhouse in a scenario of 

commercial production of produce for the western Newfoundland market and 

construct a greenhouse based on the business model developed. 
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Sub-project 4: International Marketing 

Principal Investigator: 

Dr. William Newell (Navigate Business Incubator Manager, Grenfell Campus and 

College of the North Atlantic) 

  

Objectives: 

1. Identify and assess new international markets and buyers for CBPPL’s current 

products. 

2. Explore and assess the market potential for book paper in both current and 

international markets, as identified in the first objective. 

3. Conduct a primary businesses analysis for optimizing logistical processes in 

transporting the paper products to new international markets. 

  

Like many Canadian producers in the pulp and paper industry, CBPPL derives a 

significant portion of its revenue through the sale of products in the US market. The 

recent tariffs applied by the US Department of Commerce significantly affects CBPPL’s 

ability to compete in this market, alongside the producers who are not subjected to 

these tariffs. This situation underlines three main issues that will be further supported by 

project 4. 

  

The first objective is more incremental, and involves securing buyers in new 

international markets for CBPPL’s current products. This would focus primarily on 

newsprint that is currently being manufactured and sold worldwide. Through objective 1 

the research will explore how current international markets can be further developed, 

but also explore new markets in countries outside North America. This will include 

building a general profile of potential international markets, along with an identification 

of specific buyers for the products in the newly identified markets. The second objective 

is to conduct an assessment of the market potential for products that are currently being 

developed by CBPPL. These products consist of higher-quality book paper, which will 

be tested at the mill within the next year. Book paper represents a move into a non-tariff 

area with more stable demand than newsprint. 

  

What permeates both of the above issues is the challenge of optimizing the logistical 

processes involved in the transportation of paper product. The third objective of this 

project relates to conducting a preliminary business analysis and identification of 

opportunities to improve either the income potential of this process or reduce costs. 

Options include exploring the potential to backhaul products from the newly developed 

markets, or to cooperate with other producers in western Newfoundland to share 

aspects of the shipping process. 
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Project 4 will provide an actionable road map for CBPPL in pursuing sales in 

international markets. This will help alleviate the pressures of the added tariffs, and 

provide direct economic benefits to the mill. Additionally, the market research process 

will be clearly documented and outlined through the research. The goal would be to 

present an international market research process that can be applied to other new 

potential products for CBPPL. The process would be supervised by the lead 

investigator, but provide training for one undergraduate student researcher.*  

 

New Product Development Research  

The pulp and paper industry is in a state of decline, with an annual reduction in 

paper demand of 10% a year in the US. Decreased demand for paper products globally, 

coupled with increased competition based on the cost of production, is making the 

newsprint industry increasingly less viable. New tariffs imposed on newsprint imports to 

the US market are making this matter even worse and forcing CBPPL to explore new 

markets such as India. The long-term sustainability of the mill will require CBPPL to 

pivot away from newsprint to new product lines in growing markets such as bio-based 

sustainable materials. The following research projects hope to secure the economic 

position of CBPPL and the western region overall by building on the mill’s existing 

knowledge of pulp and paper production and exploring related opportunities in high-

tech, high growth sectors. These projects will seek to transform production at the mill by 

identifying potential new products and new markets. It is hoped that this, in turn, will 

sustain and improve the economic position of CBPPL and the wider forestry sector in 

NL. These projects are currently in the discussion phase and will be more fully 

developed over the next year. It is expected that access to new technologies and new 

collaborations between the mill, researchers, entrepreneurs and government officials at 

the Innovation Centre will drive these new research projects.  While we have provided 

detailed budgetary information for sub-projects 1-4; tentative budgets for projects 5-8 

are included but will be expanded on. Though the specific goals and methods of these 

projects are still under development, we have included brief details here to illustrate the 

overall direction that these radical innovation research projects will take as they are 

developed. 

 

Project 5: 3D Printing 

 The first radical innovation project will identify the viability of using wood pulp to 

develop products outside of paper, ideally in environmentally friendly products with 

growing new markets. Wood pulp could be a more environmentally-sensitive alternative 

to plastic in 3d printing applications with comparable performance. 3D printing has 

                                                
* Note: Support for this student researcher’s work will extend into Y4-5, which are included in 
Phase 2 although this project is part of the Phase 1 research program. 
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revolutionized additive manufacturing and hardware prototyping around the world. As 

the technology has matured, there has been an explosion of interest in printing more 

exotic/functional materials, including fibre-based strength bearing materials. In addition, 

interest has grown in using less environmentally intensive feedstock materials (usually 

plastic), such as polylactic acid (PLA), wood, and bio-based polymers. However, to our 

knowledge there is currently no producer in Canada of wood 3D printer filament. The 

proposed project will examine the potential to use wood pulp in 3D-printing by exploring 

a number of cellulose-based filament media and testing their suitability for use in 3d 

printing. 

  

Wood has appearance and tactile attributes that separate it from other materials 

used as 3D printing media. 3D filament containing wood particles is available 

commercially from a number of small suppliers, most commonly at a 30-40% wood 

composition (some as low as 25-30%) in polylactic acid (PLA) or acrylonitrile butadiene 

styrene (ABS). Such wood-based 3D printed materials bear a plastic aesthetic, yet emit 

a pleasant wood smell during printing, and can be further processed (sanding, staining) 

to achieve an even more authentic wood appearance. Users report darkening of the 

wood material at elevated print temperatures, and fragility of the resulting 3D object; 

neither of these diminishes the aesthetic value, but have confined currently available 

wood filament to a novelty product. These wood-based 3D print materials appear to 

have short market lifetimes, and have continued to suffer from supply unreliability and 

poor reproducibility: the wood filament suppliers are given recycled wood from 

elsewhere and do not have quality control, nor can they provide information to users. 

  

The pulp and papermaking processes separate lignin from cellulose without 

sacrificing fibre strength, producing lignin as a byproduct. We propose to use lignin in 

the host matrix (background material) for cellulose fibres in a 3D-printed material, 

thereby converting the lignin by-product renewable resource together with low-value 

cellulose product, into a high-value product, using recently established chemical 

methods (Saito et al. 2012; Saito et al. 2013). 

  

To our knowledge, there is no producer of wood 3D printer filament in Canada, 

creating a substantial market opportunity both regionally and nationally. This opportunity 

is heightened by growing demand for environmentally friendly 3D printing media and the 

overall growth of the additive manufacturing industry in Canada and internationally. 

This opportunity gap will be increased further by adding the material tunability for 

selecting desired combinations of load-bearing strength and natural wood functionality; 

along with digital technology provided to users. One such example of added value 

would be digital design tools for printing. Here, we will develop digital technology to 

bring out an intrinsic property of wood that involves its natural form and functionality, 
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and the hygroscopic character of cellulose. Grain patterns to generate bend, twist, 

splay, and bow distortions, and hierarchical deformations, as are found in nature, will be 

possible. The digital technology developed to realize these biomimetic, responsive 

structures will be combined with the innovated material for high value fibre-based 3D 

printing. 

 

 

Project 6: Lyocell production 

Lyocell is a semi-synthetic textile material derived from wood cellulose – a 

natural source (unlike polyester, nylon and acrylic, which are sourced from fossil fuels 

and are essentially plastics), which uses pulp that is spun into a fibre via an organic 

solvent spinning process. Technically a form of rayon – but without any fossil fuel-based 

inputs – lyocell is sold commercially as the patented fabric TENCEL®. Lyocell has a 

much smaller environmental impact than both synthetic rayon products and cotton due 

to its reduced reliance on fossil fuels, its significantly lower water usage during 

processing, and the lack of pesticides and fertilizers needed to produce feedstock 

(wood pulp). Lyocell is produced through a closed loop green chemistry system in which 

virtually all of the chemicals are captured and reused, rather than being emitted into the 

environment as pollutants. Furthermore, Lyocell is completely biodegradable, leading to 

an almost completely sustainable textile product. 

Sustainable cellulose textiles offer superior comfort due to the hydrophobic 

(moisture-wicking) nature of the fibers, which lends itself well to high-end textile 

products with superior aesthetics and performance. With rising global environmental 

issues and an increased awareness, sustainability is gaining momentum among 

businesses as a means to differentiate products and tap into niche (often higher-end) 

markets. Of particular interest for regional manufacturing in western Newfoundland are 

opportunities such as high-end outdoor performance clothing, ropes and netting for 

fisheries equipment, all-weather work clothing, and wool substitutes for handcrafts.  

 

Experimental and/or commercial lyocell production can further support CBPPL’s 

expansion of product portfolios and secure its role as a specialty player in advanced 

sustainable materials markets. Lyocell already has an established European market 

presence through the Lenzing Corporation, an Austria-based company that produces 

TENCEL® bound for global retailers - a market in which Kruger and other Canadian-

based pulp and paper producers now participate. CBPPL has expertise in pulp 

manufacturing and process engineering, which is supplemented by CNA’s engineering 

expertise and GC’s laboratory testing capacity and business expertise, all of which 

enhance the potential to explore opportunities through lyocell. Experimental lyocell 

production, with the potential for commercialization either through TENCEL® or 

alternative channels, could launch CBPPL and the western Newfoundland forestry 
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sector into a cutting-edge sustainable products market with enormous potential for 

growth. 

 

This study will examine the feasibility of producing lyocell in Corner Brook using 

pulp from CBPPL. The project will build on the work of Gosse (2018), which examined 

the potential for commercial lyocell production in the economic context of western 

Newfoundland. This study specifically examined the feasibility of producing fluff pulp 

lyocell, which uses long fibre softwoods for producing hygiene products such as 

diapers, feminine hygiene products, and similar products. Gosse (2018) also examined 

existing lyocell plants in North America and estimated the cost of acquiring equipment 

for manufacturing lyocell locally at a small scale. The proposed subproject will test the 

suitability of CBPPL pulp for lyocell manufacturing and examine alternative patent, 

licensing, and value-added options for distributing and marketing lyocell-based products 

made in western Newfoundland. The project will also examine opportunities for 

production of goods to complement local sectors, such as synthetic wool for crafts, high-

performance outdoor wear, and netting for fisheries applications. 

 

 

Project 7: Flame retardant 

 

Flame retardants are chemicals capable of inhibiting or delaying the propagation 

of fire and save lives and properties. Due to the ubiquitous usage of plastics in almost 

every household items and the highly flammable nature of plastics, flame retardants are 

added to plastics during manufacturing. Studies have shown that a burning room 

containing flame retardant products releases 75% less heat and 33% less toxic gases 

than a room that does not contain flame retardant products (Morgan and Wilke 2007). 

Flame retardants are also used in suppressing forest fires by direct spray on burning 

trees. The global market for flame retardant chemicals is projected to reach $7 billion by 

2017. The annual production of nearly 200 different types of flame retardants worldwide 

was about 1.5 million tons in 2013 and is expected to increase at an annual growth rate 

of 5% (Environmental and Human Health 2013).  

 

The most widely used flame retardants are compounds containing halogens, 

particularly the element bromine. Bromine-based compounds are very effective flame 

retardants and operate by interrupting the free radical chain reactions that sustain the 

combustion process. The annual consumption of bromine-based flame retardants is 

more than 40,000 tons in home furniture, clothes, carpets, paints, upholstery, 

televisions, and computers, etc., with North America being the largest user of these 

additives. However, bromine-based flame retardants are lipophilie and bioaccumulative 

and have been detected in human populations across the globe (Damerud 2003). Many 
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brominated flame retardants have been under increasing criticism due to their 

environmental and health safety impact. This has resulted in a recent ban on some 

brominated flame retardants in Europe and North America. 

 

This proposal focuses on developing environmentally friendly halogen-free flame 

retardants based on natural products. Our aim is to replace halogen-based toxic flame 

retardants with environmentally friendly alternatives that are based on inexpensive 

waste natural products with enhanced flame retarding efficiency. A promising alternative 

to halogen-based flame retardants is phosphorus-based intumescent flame retardants 

that inhibit fires by forming a layer of viscous swollen char on the surface of the burning 

materials to protect the underlying materials by thermal shielding (Horrocks and Price 

2001). In our proposal, we wish to develop a hybrid and synergistic intumescent system 

based on phosphorus and other flame retarding compounds to deliver enhanced 

efficiency of flame retardants. This proposed project aims at developing value-added 

products by taking advantage of waste natural products from the wood pulping industry 

as a major component of the flame retardant systems. 

 

Our first step is to explore possible ways to synthetically incorporate flame 

retarding elements such as phosphorus into natural materials. In this step, we rely on 

synthetic and characterization methods to prepare our samples and the final products 

will be characterized for their thermal degradation behavior. The next step will focus on 

providing synergism to our flame retardant systems. One possible approach is based on 

the guest-host model for fabricating multi-functional hybrid materials. Under this model, 

chemically modified natural products function as guest materials and may be combined 

with materials having layered structures as the host. The reason to choose layered 

materials is two-fold. Firstly, layered materials have large void space between the layers 

in their structures and are ideal candidates to function as host materials. Secondly, 

many layered compounds such as layered double hydroxides (Nalawade et al. 2009), 

and metal phosphonates (Clearfield and Demadis 2012), are rich in phosphorus and 

other flame retarding compounds such as aluminum trihydroxide and magnesium 

hydroxide (Horrocks and Price 2001), and therefore provide a good source of synergism 

with the guest materials. Layered materials have been well studied in the design and 

reparation of hybrid multi-functional materials with a wide range of combined properties, 

including the incorporation of natural products into layered structures (Taviot-Gueho and 

Leroux 2006; Thompson 1994; Williams et al. 2006). The resulting hybrid structures can 

be characterized by powder X-ray diffraction and investigated for their thermal stability 

and fire retarding properties. 

 

The scope of this project is to investigate the applicability of natural products as a 

basis for developing environmentally friendly flame retardants and how the efficiency of 
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the flame retardants can be enhanced by using a guest-host structure. The objectives of 

this project include first to investigate the mechanisms for generating environmentally 

friendly flame retardants which involve the elimination of halogens and the use of 

natural products as base materials. Secondly, the project also studies how flame 

retardant efficiency can be improved by preparing flame retardants as hybrid materials. 

Two milestones can be identified which include (1). preparation of halogen-free flame 

retardants based on natural products; and (2). preparation of guest-host hybrid 

materials with enhanced flame retardant efficient. As a preliminary investigation, this 

project aims at proving the concept of halogen-free flame retardants based on natural 

products and synergism based on guest-host hybrid materials. 

 

 

Project 8: Use of wood ash in water filtration  

 

Drinking water filtration is a major challenge for many municipalities in 

Newfoundland and Labrador, with many rural communities exceeding federal guidelines 

for water contaminants. Surface water used for most municipal drinking water in NL is 

high in organic matter, which must be filtered out or neutralized via chlorine. Modern 

filtration systems are often cost-prohibitive for municipalities with small operating 

budgets and inadequate infrastructure, leading most municipalities in NL to use chlorine 

for drinking water treatment. Chlorine treatment can generate harmful disinfectant by-

products (DBPs), such as trihalomethanes and haloacetic acid, which lead to a number 

of harmful public health impacts. 

 

Fly ash has potential to be used for water filtration to reduce the organic matter 

present in source water for municipal systems. Zhang, Husain, and Chen (2017) 

collected fly ash from CBPPL and converted it to activated carbon which was used to 

filter water samples from communities on the northeast Avalon Peninsula. This 

experiment relied on a filtration column through which the samples, which had high 

organic matter concentrations, were passed continuously for 24 hours. Heavy metals, 

which have found to be high in fly ash from CBPPL, were effectively removed via acid-

washing. This filtration technique led to the removal of more than 60% of the organic 

matter from these water samples in the first two hours, greatly reducing the potential for 

formation of DBPs in subsequent chlorine treatment. Zhang et al. (2017) recommend 

that further research be done to enhance the absorption capacity of activated carbon by 

increasing the surface area and pore volume of the carbon via chemical or steam 

activation. They also suggest experimenting with granular (as opposed to powdered) 

activated carbon in future tests. For reusing the carbon filters derived from fly ash, the 

report also recommends conducting a feasibility study on regenerating activated carbon 

filters for continuous reuse.  
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The proposed project aims to expand on this work by conducting additional 

testing of fly ash-derived activated carbon filters and examining the commercialization 

potential of filtration systems for municipal use. This will encompass both laboratory 

testing and development of filtration technology to build on the Zhang et al. (2017) study 

with a focus on enhancing absorption capacity and regeneration potential, as well as 

product design for self-contained filtration systems targeted at small municipalities. 

Considerations such as affordability, low training requirements, and compatibility with 

existing water treatment systems in municipal drinking water systems will be paramount. 

Proposed filtration systems will be designed to be competitive with existing low-cost 

filtration options for municipal use. The project will also attempt to enhance the organic 

matter removal of the activated carbon filtration process and continue to test the safety 

of the system through heavy metal removal and analysis of other potential 

contaminants. Partnerships will be explored with provincial government (e.g. 

Department of Municipal Affairs and Environment) and Municipalities Newfoundland and 

Labrador. 

 

Student internships for research projects  

The research component will also include internship opportunities for Grenfell 

students over two years. We have earmarked a portion of our industry contribution to 

leverage funding for these internships that has been sought from the national Mitacs 

program. Mitacs internships allow graduate students the opportunity to gain real-world 

work experience while being supported jointly by the program and an industry partner. 

The internships will be offered to incoming Master of Science (Master of Science in 

Boreal Ecosystems and Agricultural Sciences) and Master of Arts (Master of Arts in 

Environmental Policy) students. One two-year postdoctoral position is also being 

provisioned for using current Mitacs resources, and future applications to Mitacs will 

allow the position to be extended. These will benefit CBBPL and students at GC by: 

exposing students to industrial research processes with a commercial partner; 

establishing connections between students, commercial partners and industry leaders in 

the region; exposing students to various operations, factors and decision-making 

processes involved in industry and business; and, providing opportunities for 

understanding the environmental aspects and opportunities associated with paper 

production. Interns will spend two days per week on-site at CBBPL and three days per 

week at GC laboratories and other facilities, representing a 40% / 60% 

partner/academic interaction overall. CBBPL will accompany interns through industrial 

areas for sample collections etc. during the research period; provide appropriate safety 

and technical training for sample collection; and provide technical contact and expertise 

regarding questions about CBPPL processes arising from the research. CBPPL will also 

provide a space for processing and packaging samples for transport to BERI 

laboratories and a shared office space for students. Overall, the internships will also 
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contribute to the developing relationship between GC and CBPPL for the benefit of both 

as well as for students and CBBPL. 

 

3) Training  

The final component of the Centre of Research and Innovation project is focused 

on industry and student training opportunities. The training component is included in the 

Centre for Research and Innovation project; however, funding is not being requested for 

this project in this proposal. A separate funding application is in progress. Key partners 

in the training component are CNA, CBPPL and GC. CNA is currently leading 

discussions with CBPPL on a project to develop and deliver training for CBPPL 

employees as a long-term strategy for succession planning for skilled workers at the 

mill. The first goal of this project is to ensure the right skill sets exist within CBPPL to 

drive an innovation agenda and to introduce new products at the mill. The second goal 

is to make employment opportunities at CBPPL more accessible to individuals in the 

western region through development of a training program in Pulp and Paper processes 

at CNA. Finally, the third goal is employee retention at CBPPL by improving the skills of 

current CBPPL employees through training opportunities at CNA.  

CBPPL does not currently have a strategy for retaining employees in the long-

term and has seen significant employee turnover in the past few years, with 150 new 

employees hired since 2014. A further 66 employees are eligible for retirement in the 

next five years. This significant staff turnover has led to a need for CBPPL to undertake: 

regulatory training; health and safety training; technical skills development; maintenance 

training; and trades training. The staff turnover/retirements is a great opportunity for 

existing and new young families to settle into high paying, manufacturing jobs in a 

region currently projected to lose 17% of its population over the next 20 years (Simms 

and Ward 2017).  

Discussions between CNA and CBPPL on training as a long-term success 

strategy will address the need of CBBPL for increased employee retention. In addition, 

cooperation between CNA and CBBPL may also provide a strategy for recruitment and 

training of potential new employees, thus also benefiting future CNA students. The 

training program would be housed in the proposed Innovation Centre facilities, within 

the mill and at CNA’s Corner Brook Campus.  

In addition to the development of a training program for CBPPL employees, 

student training opportunities at CBPPL through internships will also be included in the 

training component. Students will be training in pulp and paper industrial processes and 

will be involved in conducting research related to the use of mill byproducts for 

agriculture. Student training will also include business research on market feasibility for 

the selling of produce at mill greenhouse and engineering training related to technical 

greenhouse research.  
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Together, the Innovation Centre, Research, and training components of the 

Centre of Research and Innovation project will support sustainable development and 

innovative practice in the western region of Newfoundland. The project will provide a 

space for the creation and actualization of innovative ideas and products to move the 

mill away from dependency on the declining newsprint market; spur collaborative 

research on environmentally and economically sustainable use of mill byproducts; 

provide students, researchers and employees of CBBPL with valuable skills and 

avenues for collaboration; enable succession planning for long-term employment with 

CBBPL; and support agricultural production to enhance the food security of Corner 

Brook and western Newfoundland residents. As a whole, this project proposes a 

scheme through which government, educational institutions, industry and community 

may work collaboratively towards a more vibrant and resilient western region built on 

partnership, co-learning and innovative practice.  

Schedule 

Innovation Centre Component Schedule 

April 2018 to December 2018 

 

The Innovation Centre component of this project is expected to begin in April 

2018. It includes four phases: Design Phase, Tender Phase, Construction Phase and 

Building Fit-up Phase. The Centre for Research and Innovation will be ready for 

operation in December 2018.   

Table 1: Centre for Research and Innovation Project Schedule 

Centre for Research and Innovation Schedule, April 2018-December 2018, 
2019 

Months Phase Items 

Feb - May Design Phase Civil design 

Electrical design 

Mechanical design 

Aug 2018 Tender Phase RFP Request 

Review 
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Award 

Oct 2018 Construction Phase Mobilize 

Exterior renovations 

Interior renovations 

Electrical 

Mechanical 

Parking lot 

Apr 2019 Building Fit-up Phase CNA 

Grenfell 

 

 

 

Research Component + Training Component Schedule 

September 2018 to August 2020 

 

The research and training components of the Centre of Research and Innovation 

will begin in September 2018. These components will be comprised of 15 total 

internship units (IUs) for GC students divided into one Postdoctoral position, seven 

positions for Master of Science in Boreal Ecosystem and Agriculture Science students 

(MSc-BEAS), and one position for Master of Arts in Environmental Policy students 

(MAEP). Each internship unit will be 4-5 months in length spread out over the first three 

fiscal years of the project. In fiscal years 3-5 of the project, additional Mitacs funding will 

be sought to support another 15 IUs of student internship work in support of research 

activities occurring later in the project timeline. 
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Table 2: Research Component Internship Schedule 

 

Years 2018-2019 2019-2020 2020-2021 

Months 1-4 
(Nov-
Feb) 

5-8 
(March-
June) 

9-12 
(July-
Oct) 

1-4 
(Nov-
Feb) 

5-8 
(March-
June) 

9-12 
(July-
Oct) 

1-4 
(Nov-
Feb) 

5-8 
(March-
June) 

9-12 
(July-
Oct) 

 Intern 
Name 

Degree 
Program 

IU   

Project 1: 
Ash and 
Sludge  

M1 
MSc-
BEAS 

1  × x x                             

M2  
MSc-
BEAS 

1   x × ×                            

M3 
MSc-
Beas 

1       x x x                        

M4 
MSc-
BEAS 

1             x x x                   

M5 
MSc-
BEAS 

1                 x x x               

Project 2: 
Composting 

M6  
MSc-
BEAS 

2 x x x       x x x                   

Project 3: 
Greenhouse 

M7  MAEP 1         x x x                       

M8 MAEP 1             x x x                   

Project 1-3 PDF1 Post-Doc 6  × × × × × × × x × × x x           

Total Internship Units 

15        

Total Project Funding $200,000                   

 

Marketing Plan 

Marketing efforts will be focused on the Innovation Centre as a technology hub 

where industry can interact with researchers and government funders and support. The 

Centre will benefit from the established Navigate brand and the existing Navigate 

budgets available through ACOA and TCII funding for the incubator and makerspace. 

No additional funds will be required for marketing. Marketing will be designed to appeal 

to a wide demographic from school children to silver entrepreneurs. The marketing plan 

will require a broad media program. Although the main focus will be on digital 

advertising, there will also be a need for traditional advertising such as radio, TV and 

print in order to ensure knowledge of the Innovation Centre is available to individuals of 

different ages and in both digitally connected and remote NL communities.  
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Governance and Partnerships 

 The governance structure for this project will be designed to ensure all partners 

have a voice in the process, that each component of the project is able to proceed 

efficiently and that funders are regularly updated on progress. An overarching project 

management committee will be selected with representation from provincial and federal 

governments and each of the lead project partners (Grenfell, CBPP and CNA), also 

seeking to represent each of the research, innovation and training components. The 

project management committee will meet bi-monthly or as required once the project has 

begun and will be responsible for overseeing the progress of all components of this 

project. This group will also be responsible for issues related to building administration. 

Additionally, three committees will be responsible for the innovation, research and 

training components. The following table outlines the participants within the innovation, 

research and training components of the project. 

Table 3: Centre for Research and Innovation Project Team 

  Centre for Research and Innovation Project Teams 

Name Contact Affiliation Role 

INNOVATION  

Dr. Todd 
Hennessey  

thennessey@grenfell.mun.ca School of Fine Arts, 
Grenfell Campus 

Co-Innovation Lead 

Lynn Kendall lkendall@grenfell.mun.ca  Chair, Business Program, 
School of Arts and Social 
Science, Grenfell Campus 

Co-Applicant and Collaborator 

Ken Carter kcarter@grenfell.mun.ca Office of Engagement, 
Grenfell Campus 

Co-Innovation Lead 

Wayne Quilty Wayne.quilty@cna.nl.ca 

 

Office of Industry and 
Community Engagement, 
CNA 

Co-Innovation Lead 

Mike Lacey michael.lacey@kruger.com CBPPL Collaborator 

Darren Pelley darren.pelley@kruger.com CBPPL Collaborator 

RESEARCH 

Dr. Mumtaz 

Cheema 

mcheema@grenfell.mun.ca Boreal Ecosystem 
Research Initiative (BERI), 
School of Science and the 
Environment, Grenfell 
Campus 

Principal Researcher and Co-
academic lead 
 
Project lead: subproject 1 & 3 

mailto:thennessey@grenfell.mun.ca
mailto:lkendall@grenfell.mun.ca
mailto:kcarter@grenfell.mun.ca
mailto:Wayne.quilty@cna.nl.ca
mailto:michael.lacey@kruger.com
mailto:darren.pelley@kruger.com
mailto:mcheema@grenfell.mun.ca
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Dr. Rob Gallant rpgallant@grenfell.mun.ca Computational 
Mathematics, School of 
Science and the 
Environment, Grenfell 
Campus 

Co-academic lead 

Dr. Mano 

Krishnapillai 

mkrishna@grenfell.mun.ca 

 

Environmental Science, 
School of Science and the 
Environment, Grenfell 
Campus 

Co-Applicant and Collaborator 
 
Project lead:  subproject 2 

Dr. Lakshman 

Galagedara 

lgalagedara@grenfell.mun.ca 

 

Boreal Ecosystem 
Research Initiative (BERI), 
School of Science and the 
Environment, Grenfell 
Campus 

Co-Applicant and Collaborator 

Dr. Adrian Unc aunc@grenfell.mun.ca Boreal Ecosystem 
Research Initiative (BERI), 
School of Science and the 
Environment, Grenfell 
Campus 

Co-Applicant and Collaborator 

Dr. Raymond 

Thomas 

rthomas@grenfell.mun.ca 

 

Boreal Ecosystem 
Research Initiative (BERI), 
School of Science and the 
Environment, Grenfell 
Campus 

Co-Applicant and Collaborator 

Dr. Doreen 

Churchill 

Doreen.churchill@canada.ca 

dchurchill@grenfell.mun.ca 

 

Natural Resources 
Canada – Canadian 
Forest Service; Grenfell 
Campus 

Co-Applicant and Collaborator 

Dr. Kelly 

Vodden 

kvodden@grenfell.mun.ca 

 

Environmental Policy 
Institute (EPI), School of 
Science and the 
Environment; Office of 
Research and Graduate 
Studies, Grenfell Campus 

Co-Applicant and Collaborator 

Lynn Kendall lkendall.grenfell.mun.ca 

 

 

Chair, Business Program, 
School of Arts and Social 
Science, Grenfell Campus 

Co-Applicant and Collaborator 

Dr. William 

Newell 

wnewell@grenfell.mun.ca Incubator Manager  Co-Applicant and collaborator 

Dr. Maria Kilfoil mkilfoil@grenfell.mun.ca Makerspace Manager  Collaborator 

Dr. Michael 

Long 

michael.long@cna.nl.ca Applied Research and 
Innovation, CNA 

Collaborator  

Mike Lacey michael.lacey@kruger.com CBPPL Collaborator 

Darren Pelley darren.pelley@kruger.com CBPPL Collaborator 
 

mailto:rpgallant@grenfell.mun.ca
mailto:mkrishna@grenfell.mun.ca
mailto:lgalagedara@grenfell.mun.ca
mailto:aunc@grenfell.mun.ca
mailto:rthomas@grenfell.mun.ca
mailto:dchurchill@grenfell.mun.ca
mailto:kvodden@grenfell.mun.ca
mailto:michael.long@cna.nl.ca
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TRAINING 

Chad Simms chad.simms@cna.nl.ca CNA Training Lead 

Craig Power craig.power@kruger.com  CBPPL Collaborator 

Darren Pelley darren.pelley@kruger.com  CBPPL Collaborator 

Charlene 
Connors 

cconnors@grenfell.mun.ca  GC Collaborator 

 

CNA, GC and CBPPL will be sharing costs and responsibilities related to each of 

the three project components. The following chart summarizes these contributions. 

More detailed summaries are included below in Figure 2. 

 

Figure 2: Management structure and responsibilities for Centre for 

Research and Innovation project 

 
 

 

 

 

 

 

mailto:chad.simms@cna.nl.ca
mailto:craig.power@kruger.com
mailto:darren.pelley@kruger.com
mailto:cconnors@grenfell.mun.ca
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1) The Innovation Centre 

The Innovation Centre will be operating under a 15-year lease agreement, 

with CBBPL maintaining ownership of the property. CBBPL will also be 

responsible for heat and light costs, building maintenance and snow clearing on 

the property. Three positions will be created at the Innovation Centre, answering 

to the Navigate Centre, a CNA and GC partnership funded by TCII, ACOA and 

AESL. GC will also be responsible for maintaining equipment at the makerspace 

including Information Technology Services (ITS).  

 

The Board of Directors for the Navigate Centre, which operates jointly 

between GC and CNA, will advise on the operations of the incubator and 

makerspace. Navigate is designed to address the needs of potential 

entrepreneurs in the pre-start-up phase of business development as well as 

connect those individuals to resources, programs, and agencies that exist to 

meet their needs. Its board of directors includes community, government, 

industry and startup community partners; as such, representatives from each 

group will have input on the workings of the makerspace.  

 

2) Research  

The research component will be collaboratively managed by CBPPL and 

GC. CNA will also be involved in the development of collaborative research 

projects. CBPPL will provision for the presence of student interns two days a 

week onsite at the mill. CBBPL will provide student interns access to facilities for 

sample collection and answer questions students may have about mill 

processes. CBBPL will also provide a shared office space for student interns and 

a space for the storage of samples and preparation of samples for transport to 

GC. 

 

GC will be responsible for funding student interns to assist their faculty 

with research on CBBPL byproducts. Student intern work will be overseen by 

faculty of the Boreal Ecosystems and Agricultural Sciences program (BEAS) and 

faculty of the Environmental Policy Institute (EPI). Due to a lack of laboratory 

facilities at CBPPL, analysis of research samples requiring laboratory equipment 

will take place at GC. With the proposed MITACS funding, student interns are 

expected to be on-site with the employer 50% of the time.  

 

3) Training 

The training component will be managed collaboratively by CNA and 

CBPPL. GC will also be involved in developing student training opportunities as 

they are needed. CNA will develop a training program specific to the needs of 
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current and potential CBPPL employees. CNA will be responsible for running this 

program at its Corner Brook Campus using its classroom facilities and facilities at 

the Innovation Centre when external funding is secured. CBBPL will be 

responsible for co-designing the program and providing access to facilities for 

student training purposes. CBPPL training expenses will include the following: 

participant wages and benefits; in-house trainer (subject matter experts) wages 

and benefits; program development cost; replacement cost; training material; 

supplies and travel; participant tuition cost; external trainer cost. 

 

 

Existing and Potential Applied Research Collaborations and Industry Partners 

 

The Centre for Research and Innovation project will rely heavily on partnerships 

to ensure the success of the project. These partnerships will ensure that any benefits 

derived from the project will have a wider reach throughout the western region. Existing 

(negotiated partnerships) partners are listed below. Their negotiated or potential roles in 

the project are described in Appendix 5. 

Table 4: Existing and Confirmed Project Partners 

Existing and Confirmed Project Partners 

Name Sector Contact Partnership 
Status 

Component(s) 

Corner Brook 
Pulp and Paper 
Ltd. (CBPPL) 

Industry Darren Pelley, 
General 
Manager 

Existing 
Partnership 

Innovation 
Centre, 
Research, 
Training 

College of the 
North Atlantic 

Post-secondary Chad Simms, 
Senior Campus 
Director 

Existing 
Partnership 

Training 

City of Corner 
Brook 

Municipal Jim Parsons, 
Mayor 

Existing 
Partnership 

Innovation 
Centre 

Western 
Newfoundland 
Entrepreneurs 

Business/ 
Community 

Jason Janes Existing 
Partnership 

Innovation 
Centre 

The DIY Society Community Pierre Garigue Existing 
Partnership 

Innovation 
Centre 

Natural 
Resources 

Federal Dr. Karishma 
Boroowa, 

Confirmed 
Partnership 

Research, 
Training 
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Canada - 
Canadian Forest 
Service (CFS) 

A/Science 
Director 

West Valley 
Farms 

Industry Gerard and 
Danny Cormier, 
owners 

Confirmed 
Partnership 

Research 

New World Dairy Industry Brent Chaffey, 
owner 

Existing 
Partnership 

Research 

Newfoundland 
and Labrador 
Forest Industry 
Association 

Industry Bill Dawson Confirmed 
Partnership 

Research 

Qalipu 
Development 
Corporation 

Indigenous/Indu
stry 

John Davis Existing 
Partnership 

Innovation 
Centre 

Economic and Social Benefits 

The Centre of Research and Innovation project will support local and regional 

economic growth in western Newfoundland through innovation, research and 

trainingThe project’s collaborative nature and the presence of provincial, regional and 

local partners will leverage benefits for several groups, including: 1) CBBPL; 2) post-

secondary institutions and students, 3) the City of Corner Brook and community 

partners; and 4) the western region and provincial partners.  

 

1) Corner Brook Pulp and Paper Limited  

 By working with government and community partners, CBPPL will experience 

significant economic benefits. Benefits expected to be gained by CBPPL include: 1) 

development of a long-term strategy for succession planning for skilled workers at the 

mill; 2) improvement of the mill’s competitiveness through alternate processing of ash 

and sludge waste in more environmentally sustainable ways; 3) development of 

alternate revenue streams through product diversification; and 4) reduction of current 

expenditures associated with waste disposal. In addition to these, the mill will also 

benefit from having a more robust and visible presence as an engaged employer and 

producer in Corner Brook. The transformation of the mill’s former HR building will also 

allow for the symbolic preservation of a historic building in Corner Brook, highlighting 

the mill’s historic contributions to the city.  
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2) Post-secondary institutions 

While CBPPL has historically been the largest single employer in the Corner 

Brook area, post-secondary institutions and other public entities have now assumed this 

role. The long-term benefit of bringing together the largest employers, i.e. the mill and 

post-secondary institutions, in the region has the potential to drive Corner Brook into a 

stronger knowledge-based economy while capitalizing on its economic history. 

Innovative research and business will be the key ingredients for Corner Brook to 

counter, and hopefully reverse, projected economic and demographic decline. There 

are significant social and economic benefits to be gained from integrating Grenfell and 

CNA research, teaching, and engagement capacity more directly to CBPPL and other 

partners. Social and economic benefits expected for post-secondary institutions include: 

1) more collisions between business, students, faculty, government officials and 

community partners facilitated by the Innovation Centre; 2) having a space for more 

visible and accessible academic and non-academic programming taking place 

downtown; 3) increased opportunities for student and faculty travel and spending, as 

well as engagement through local research and experiential learning; and 4) increased 

opportunities for non-academic training through Grenfell’s Office of Engagement. The 

intention will be to target local business, community groups, and adult and youth 

learners. They will offer local social benefits through skills enhancement, labour-market 

development to meet employers’ needs and personal development of local residents; 5) 

increased opportunities for skills development; 6) access to new and innovative 

technologies; 6) access to potential employment opportunities for students. 

 

3) The City of Corner Brook and community partners 

The City of Corner Brook and Community Partners are expected to benefit 

economically and socially from the Centre for Research and Innovation Project. These 

benefits include: 1) the continued presence of CBBPL as a significant local industry and 

employer; 2) potential to attract new residents and families employed at CBPPL; 3) 

improved environmentally-responsible practice by CBBPL; 4) the presence of new and 

accessible technologies in the community housed at the Innovation Centre; 5) a space 

for new business development to be facilitated at the Innovation Centre; 6) potential for 

the growing of local produce to address food security concerns; 7) increased community 

capacity in Corner Brook; 8) downtown revitalization and increased activity and foot 

traffic in downtown Corner Brook; and 8) support of the CityStudio partnership through 

provision of space and exposure of students to innovative projects and ideas housed 

within the Innovation Centre. 

 

4) The Western Region and provincial partners 

The western region and provincial partners are also expected to benefit from this 

project. Economic and social benefits expected include: 1) Increased community 



      

 

39 

capacity in western Newfoundland; 2) potential for innovative and small-scale business 

development; 3) innovation at Kruger and other industrial partners; 4) increased 

regional agriculture; 5) increased employment opportunities for residents of the western 

region; and 6) potential to attract new residents through increased employment 

opportunities. 

Budget 

The Centre for Research and Innovation Project will require $5,113,436 in cash over 

five years. Of these funds, $2,718,729 will be allocated to the Innovation Centre and 

$2,394,707 to the research component over five years. As previously discussed, the 

research program will consist of two phases, corresponding to the incremental 

innovation and radical innovation sub-projects. Phase 1 will begin in Y1 and conclude in 

Y3, totaling $1,411,860 in cash from both Memorial University’s contribution and the 

request from funding partners. Phase 2 will begin in Y3 and conclude in Y5, totaling 

$982,842 in cash. Over the 5 years of the two project phases, $916,267 in cash will be 

required to support salaries. CBBPL has committed $100,000 cash in funding over two 

years and renewable for three additional years (at $50,000 per year), as well as in-kind 

contributions (see Table 6). Funds have been secured from MITACs to support 

graduate student internships and a post-doctoral fellow during years 1-3 of the project 

(totaling 15 internship units, or IUs), with matching funds supplied by CBPPL; in years 

3-5 an additional 15 IUs will be applied for to fund student internships on the later stage 

research projects. In-kind contributions will also be provided by both Grenfell and 

CBPPL (described below). A summary of the Centre for Research and Innovation 

project budget for Phases 1 and 2 can be found in Tables 5-8 below. 

Table 5: Centre for Research and Innovation, building costs  

Item Cost ($) 
2018-2019 

Cost ($) 
2019-2020 

Cost ($) 
2020-2021 

Cost ($) 
2021-2022 

Cost ($) 
2022-2023 

Total Item 
Cost ($) 

Building Costs - 
Cash $2,718,729        $2,718,729 

Building Costs - 
In Kind $37,778 $216,000 $216,000 $216,000 $216,000 $901,778 

TOTAL CASH 
REQUIRED $2,718,729     $2,718,729 

TOTAL CASH 
AND IN KIND $2,756,507 $216,000 $216,000 $216,000 $216,000 $3,620,507 

 

As indicated previously, the research program outlined in this proposal consists 

of two phases. The first four research projects – referred to as Incremental Innovation 
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projects – will be included in Phase 1 (with the exception of Project 4, which has 

activities extending into Phase 2), and the four Radical Innovation Projects will be 

included in Phase 2. The cash and in-kind costs for Phase 1 and 2 of the research 

program are detailed in Tables 7 and 8 below. 

Table 6: Phase 1 research costs 

Item Cost ($) 2018-
2019 

Cost ($) 2019-
2020 

Cost ($) 2020-
2021 

Total Item Cost 
($) 

Salaries - Cash $110,667 $216,400 $216,400 $543,467 

Salaries - In Kind $158,900 $108,950 $95,450 $363,300 

Direct incremental costs $8,550 $14,850 $17,100 $40,500 

Project 1: Ash & Sludge $136,727 $147,641 $136,999 $421,367 

Project 2: Composting $20,183 $82,074 $33,933 $136,190 

Project 3: Greenhouse $32,012 $28,653 $117,319 $177,984 

Project 4: International 
Marketing Phase 1 $7,118 $10,118 $15,118 $32,355 

CBPPL Other $23,000 $14,000 $23,000 $60,000 

TOTAL CASH REQUIRED $338,257 $513,736 $559,869 $1,411,862 

TOTAL CASH AND IN 
KIND $474,157 $608,685 $632,319 $1,715,161 

 

Table 7: Phase 2 research costs 

Item Cost ($) 2020-
2021 

Cost ($) 2021-
2022 

Cost ($) 2022-
2023 

Total Item Cost 
($) 

Salaries - Cash   $216,400 $156,400 $372,800 

Salaries - In Kind $54,543 $81,679 $81,679 $217,900 

Direct incremental costs   $17,100 $14,850 $31,950 

Project 4: International 
Marketing Phase 2 $0 $7,118 $7,118 $14,237 

Project 5: 3D Printing $32,983 $22,233 $25,183 $80,399 

Project 6: Lyocell $150,183 $20,338 $25,338 $195,859 

Project 7: Flame 
Retardant $127,683 $27,683 $32,683 $188,050 
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Project 8: Water 
Filtration $20,183 $20,183 $25,183 $65,550 

CBPPL Other $0 $8,000 $26,000 $34,000 

TOTAL CASH REQUIRED $331,033 $339,056 $312,756 $982,845 

TOTAL CASH AND IN 
KIND $385,576 $420,735 $394,435 $1,200,745 

 

 

The table below outlines the proposed funding sources to create the Centre for 

Research and Innovation and support the research projects included in this proposal. 

The main anticipated funding sources include the Atlantic Canada Opportunities Agency 

(ACOA), the NL Department of Tourism, Culture, Industry, and Innovation, Corner 

Brook Pulp and Paper Limited, Mitacs (already secured), and the federal Agriculture 

Clean Technology Program (Clean Tech). Grenfell Campus is contributing $230,062 

cash, while CBPPL is contributing $250,000. In addition, Grenfell Campus is 

contributing $581,200 in-kind contributions in the form of faculty and staff time, 

estimated on average at two days per month per researcher involved in each project 

(based on an average faculty salary of $136,357 annually, including benefits), plus 790 

hours of proposal development time during Y1 (provided in-kind by Research Office 

staff valued at an average of $63.89 hourly), plus ongoing post-award management 

services estimated at 30 days per year, separate from any work carried out by the 

Project Coordinator or other staff hired through funds being sought in this proposal 

(valued at $450/day). These administration services will be contributed by Memorial 

University Research Office staff to ensure that funding agency guidelines are met and 

project objectives are fulfilled. CBPPL is contributing $901,607 in kind, including 

contributions of expertise during construction (construction management) valued at 

$37,778, and the ongoing use and operation of the building (snow clearing, heat, lights, 

etc.), valued at $216,000 per year totaling $864,000 over the lifespan of the project. 

Table 6 below lists all cash and in-kind funding sources anticipated for the project. 

 

The anticipated financing package for the building renovation component is expected to 

have the following structure: 44% financing from ACOA, 25% TCII, 29% from Memorial 

University, and 2% from the City of Corner Brook. Supplemental to these contributions 

will be the $901,607 of in-kind support provided by CBPPL in the form of utilities and 

maintenance. Table 8 below shows the proposed financing structure for building 

renovations. 
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Table 8: Building renovation proposed financing structure 

Anticipated 
Funding 
Source 

Cost ($) 
2018-
2019 

Cost ($) 
2019-2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total Item 
Cost ($) 

Percentage 
(%) 

anticipated 

MUN - Cash $0 $789,047 $0 $0 $0 $789,047 29% 

ACOA - 
Cash $0 $1,200,000 $0 $0 $0 $1,200,000 44% 

TCII - Cash $0 $679,682 $0 $0 $0 $679,682 25% 

City of 
Corner 
Brook - 
Cash $0 $50,000 $0 $0 $0 $50,000 2% 

CBPPL - In 
Kind $37,607 $216,000 $216,000 $216,000 $216,000 $901,607   

TOTAL 
CASH 
REQUIRED $0 $2,718,729 $0 $0 $0 $2,718,729 100% 

TOTAL 
CASH AND 
IN KIND $37,607 $2,934,729 $216,000 $216,000 $216,000 $3,620,336   

 

 

The anticipated financing package for the 5-year research component is expected to 

have the following structure: 44% financing from ACOA, 14% TCII, 10% from Memorial 

University, supplemented by other secured and anticipated funding from concurrent 

proposals including: MITACs (both current award and anticipated award from a future 

proposal for 15 IUs) – 9%, the Agriculture and Agri-foods Canada Clean Technology 

Program, for which Grenfell is collaborating with the NL Department of Fisheries and 

Land Resources in a proposal to support projects 1 and 2 (Clean Tech) – 12%, and 

10% from CBPPL. Table 9 below shows the proposed financing structure for the 

research component. 

Table 9: Research component proposed financing structure 

  Cost ($) 
2018-
2019 

Cost ($) 
2019-
2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total Item 
Cost ($) 

Percentage 
(%) 

anticipated 

ACOA 

$185,497 $149,922 $408,536 $160,217 $156,430 $1,060,602 44% 

TCII $34,468 $55,736 $155,665 $50,106 $49,593 $345,568 14% 

CBPPL $50,000 $50,000 $50,000 $50,000 $50,000 $250,000 10% 

MITACs $33,000 $44,000 $62,333 $51,333 $29,333 $220,000 9% 

Clean Tech $0 $161,935 $126,540 $0 $0 $288,475 12% 
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MUN $35,292 $52,142 $87,828 $27,400 $27,400 $230,062 10% 
TOTAL 
CASH 
REQUIRED $338,257 $513,735 $890,902 $339,056 $312,756 $2,394,707 100% 

 

Outcomes, Monitoring and Evaluation 

 The Centre of Research and Innovation will spur sustainable economic growth in 

the western region and provide additional related social benefits, including improving 

the livability of communities. The project will also contribute to the sustainability of the 

CBPPL mill and forest sector through innovation, enhanced environmental performance 

and fostering synergies with other key sectors in western Newfoundland. As such, 

monitoring and evaluation of the project will be designed to assess whether funding and 

time allocated to the project and related activities/outputs are generating favourable 

outcomes and impacts in Corner Brook and the western region.  

 

 

Project Outcomes 

 

Short term 

● Increased mentoring and the transfer of knowledge and practice 

● Modelling technology and innovation, rapid prototyping  

● Secure robust markets for existing CBPPL products 

 

Medium Term 

● Student training in research related to pulp and paper processing 

● Environmentally responsible use of CBPPL waste byproducts 

● Local training programs in pulp and paper processing at CNA 

● Youth engagement at Innovation Centre 

 

 

Long term 

● A maker culture or tech-based do-it-yourself culture of making products for the 

marketplace 

● A culture of conservation, reuse and repair versus disposal and consumption  

● New products and alternate revenue streams for CBPPL  

● Robust and continuous collaboration between government, education, industry 

and community partners 

● Secure international markets for new and value-added CBPPL products 
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The primary goal and hoped outcome for the Centre of Research and Innovation 

project is the provisioning of tools, resources and research that will promote the 

development of sustainable and resilient communities in the western region. In the short 

term, knowledge transfer, youth engagement, and public access to new technologies 

will be outcomes of the Innovation Centre. In the medium term, research and training 

opportunities at CBPPL will have secured a strategy for employee retention and 

identified more environmentally responsible alternate uses for CBPPL byproducts. In 

the long term, this project will have supported the development of a maker culture and 

culture of conservation. New products to be developed at CBPPL will have been 

identified. And, to this end, this project will act as a catalyst for continued 

communication and collaboration among government, educational, industry and 

community players for years to come and in pursuit of sustainable growth and 

innovative practice in western Newfoundland. More tangible outputs of this project 

include: 1) Infrastructure and Capacity Building; 2) Research and Development; 3) 

Entrepreneurship and Innovation; 4) Education and Skills Training 

 

 

1) Infrastructure and Capacity Building 

The Centre of Research and Innovation project will support the co-creation of 

new infrastructure in support of research and innovation and as a means to 

increase community capacity in Corner Brook and western Newfoundland. The 

Innovation Centre will stimulate new businesses, projects, and idea development, 

and allow individuals to come together, share skills and network. The Innovation 

Centre will house an incubator and makerspace in addition to individual and co-

working spaces linked to the operations of Navigate at GC and CNA. It will 

support existing  and build new capacity as a strategy for economic, social and 

human capital development in the western region. Outputs and outcomes of this 

new infrastructure will include: 1) partnerships and collaborations; 2) new 

businesses; 3) new talents and skills fostered through workshops and other 

programming; 4) youth engaged with innovative technologies and ideas; and 5) a 

culture of entrepreneurship and innovation in Corner Brook and western 

Newfoundland.  

 

2) Research and Development 

This Centre of Research and Innovation project will generate new research on 

potential alternate uses for CBPPL mill waste byproducts.  This will help spur 

additional agriculture-related research projects in Corner Brook and the western 

region. The research component of this project will focus on assessing the 

feasibility of using material waste, such as ash and sludge, as a soil amendment 

for local farms and in composting. Several potential agricultural partners have 
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been found. The research component will also assess the potential for use of 

CBPPL heat-waste to support the growing of produce in a greenhouse facility in 

Corner Brook. Several community and agricultural partners have expressed 

interest in supporting this greenhouse initiative. Outcomes and outputs of this 

project include: 1) new products developed from mill waste for use by local 

agriculture initiatives, 2) development of a new network of agricultural centred 

around CBPPL mill operations; 3)  development of a greenhouse facility to grow 

produce in Corner Brook; 4) reports and publications detailing research findings 

and contributing to existing literature on sustainable agriculture; and 5) related 

variety and potential additional collaborative projects with CBPPL and others.  As 

such, this project will assist in developing local research opportunities and 

spurring local economic and community development.   

 

3) Entrepreneurship and Innovation 

The Centre of Research and Innovation project will help foster a culture of 

entrepreneurship and support innovative ideas and practice in Corner Brook and 

western Newfoundland. Through the Innovation Centre, it is anticipated that this 

project will: 1) generate new businesses in Corner Brook and the western region; 

2) generate new multi-sectoral partnerships in the western region; 3) support 

skills-sharing and co-learning; 4) aid in the development of new ideas and 

innovative products; and 5) support research and development initiatives 

between CBPPL, GC, CNA, and other community and regional actors. Overall, 

the  Centre is envisioned to become a regional hub for innovation. It  will support 

the development of successful and resilient businesses and other innovative 

ideas and practices as a strategy for sustainable economic development in 

Corner Brook and the western region. 

 

4) Education and Skills Training 

The Centre of Research and Innovation Project will support the development of 

education and skills-training programs related to Pulp and Paper processing. 

Outcomes from the training component of this project include the development of 

a new program to be housed at CNA Corner Brook Campus, which will be 

developed collaboratively with CBPPL to transmit skills necessary for 

employment at the mill. It will also include the development of supplementary 

skills training programs, such as safety training, for CBPPL  employees. The 

development of these training programs represent a strategy for long-term 

retention and succession-planning. As such, the training component will help 

ensure the sustainability of the mill as a local industry and employer in Corner 

Brook long term. The training component also includes 15 internship units for 

Master of Science and Master of Arts students at GC. These internships will help 
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secure the relationships between CBPPL and GC while providing students with 

experience in pulp and paper processing. The research projects undertaken by 

these student interns will also improve the economic position of the mill long term 

through the development of alternate revenue streams and by encouraging multi-

sectoral partnerships (e.g. with agriculture). Overall, outputs of the training 

component include: 1) opportunities for student training in Pulp and Paper 

processing; 2) a long-term succession and retention strategy for CBPPL; 3) 

potential for the local training and hiring of CNA students at CBPPL; and 4) 

improved economic sustainability for CBPPL.  

  

Monitoring and Evaluation 

 

Several steps will be taken to monitor and evaluate the efficacy of the Centre of 

Research and Innovation project. For the Innovation Centre, quarterly reports will be 

generated by Innovation Centre staff for review by the Navigate Centre Board of 

Directors. Quarterly reports will be generated and delivered to Navigate by the second 

Monday of the first month of each following quarter, as demonstrated in the following 

chart: 

Table 10: Quarterly Report Schedule 

Quarter # Months (2019) Report received by Navigate 

Quarter 1 January-March 8 April 2019 

Quarter 2 April-June 6 July 2019 

Quarter 3 July-Sept 7 October 2019 

Quarter 4 October-December 6 January 2020  

 

From these reports, annual reports will be generated and distributed to the project 

management committee in February of each year. The first annual report will be 

received by the management committee in February 2020. 

 

In terms of content, quarterly reports will be presented in the following format: 

● Executive summary 

● Key achievements in quarter 

● Progress report 

● Goals for next quarter 

● Financial reporting 

 

Quarterly reports will include metrics on the following:  



      

 

47 

1. Users: whether users are individuals or part of a community 

group/organization/local business; user demographics (age, gender); from what 

community visitors are coming from; return users versus one-time users 

2. Programming: number of programs/workshops organized and by whom (Grenfell, 

CNA, community groups, etc.); program and workshop attendance; suggestions 

by users for future programs/workshops 

3. Equipment Usage: how often equipment is used; equipment maintenance and 

repair; suggestions by users for equipment that may be needed in the future 

4. Businesses: new businesses/startups formed; existing businesses/startups using 

the space 

5. Partnerships: new partnerships formed; collaborative projects/programs/events 

organized 

6. Finances: spreadsheet of $ used divided into proposed budget items (e.g. 

marketing, awareness campaign) and other items (e.g. equipment maintenance 

and repair). 

 

 

In terms of content, annual reports will include the following: 

 

● Executive summary 

● Key achievements 

● Progress report 

● Goals for next year  

● Financial reporting 

 

Annual reports will include metrics on the same items as the quarterly report. All 

quarterly reports will be attached to the annual report as appendices for review by the 

project management committee. 

 

 For the research component, monitoring and evaluation will be undertaken by 

researchers and their respective departments in accordance with the regulations of their 

departments and any funders requiring in-term and/or final reports. At the end of the 

proposed two-year research timeline, a final report will be generated. It will include a 

summary of each research project undertaken and include results and findings. In 

addition, the report will include descriptions of partnerships formed and 

recommendations for next steps (i.e., if more research is required, if pilot products have 

or should be developed, etc.) 

 

 For the training component, monitoring and evaluation will be undertaken by 

CNA in consultation with CBPPL. Metrics monitored will include program enrolment, 
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post-graduate hiring, and student satisfaction. Annual meetings with CBPPL will ensure 

that program content will remains current and relevant to CBPPL regulations and 

processes.  

Conclusion 

The Centre of Research and Innovation project will help jumpstart sustainable 

local and regional development by facilitating collaboration between post-secondary, 

industry, government, community partners to: a) foster a culture of entrepreneurship 

and innovation; b) incorporate long-term succession planning for skilled workers at the 

CBBPL mill; c) co-create innovative and environmentally-conscious industry 

opportunities and products; d) support local and regional agriculture activities and 

initiatives; and e) provide internship opportunities for student at GC and CNA. The 

Innovation Centre will provide a space for collaborations and unique partnerships that 

will spark innovation and creativity and transform the regional culture and economy. It 

will also house and allow wide access to new technologies. The research component 

will facilitate post-secondary-industry collaboration to ensure long-term regional 

employment and training opportunities and conduct transformative research and 

development. It will strengthen the economic position of CBPPL through improved 

efficiencies and longer-term repositioning through research-driven diversification. The 

research component will also have significant agricultural implications, addressing 

needs for the future growth of agriculture in western Newfoundland and by providing 

opportunities for produce to be grown in Corner Brook. Finally, the training component 

will ensure that the current and future workforce of the mill and, more broadly, the 

region, have the necessary skills to allow western Newfoundland to grow and prosper. 

As a whole, the Centre of Research and Innovation project will address the need for 

collisions between community, business, university, college, government and 

technology in Corner Brook and the western region to encourage innovative practice 

and sustainable development to counter population and economic decline. It will also 

contribute to the sustainability of the mill and the forest sector, ensuring the presence of 

the mill as a significant industry and employer in Corner Brook and western 

Newfoundland for years to come.  
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Appendix 2: Furniture and Equipment List 

Table 11: Innovation Centre interior furnishings and equipment budget 

Innovation Centre Interior Furnishings and Equipment Budget 

  

Item Quantity Unit Cost 
($) 

Quantity X 
Unit Cost 

($) 
  

Furniture 

Table (collapsible) 
(24x60) 

8 545 4,360 

Task chair 36 306 11,016 

Workbench 6 500 3,000 

Stool 12 180 2,160 

Storage cabinet 
(Upright) 

3 330 990 

Whiteboard 4 550 2,200 

Wastebins 10 12 120 

Recycle Bins 10 15 150 

Couch 4 830 3,320 

Co-working desk 2 - - 

Board table 2 1,410 2,820 

Sideboard 2 1,400 2,800 

Bookshelf (36x12x72) 7 450 3,150 

A/V Cabinets 2 330 660 

L-shaped desk c/w 
hutch (72x60) 

5 1,890 9,450 

Office chair 5 464 2,320 

Filing Cabinets 5 600 3,000 

Coat Rack 8 40 320 

    Sub-total 51,836 

Technology & Equipment 

One-Time Installation Costs 

Telephone lines (Unified 
Communications) 

5 
  

500 

Fibe Service (Internet) 1   199 

Managed Firewall 
(Juniper SRX 100H2) 

1 
  

150 

    Sub-total 849 



      

 

55 

Monthly IT Charges 

Telephone lines (Unified 
Communications) 

5 35 175 

Fibe Service (Internet) 1 199 199 

Managed Firewall 
(Juniper SRX 100H2) 

1 78 78 

    
Monthly 

sub-total 452 

  Sub-total 27,120 

Equipment Costs - IT Infrastructure 

Switch (SG350-28P-K9-
NA) 

1 969 969 

Smartnet 1 90 90 

Cabling (inside wiring) - 
16 drops (includes 
Access Points) * 

1 

3,000 

3,000 

Cabling equipment 
racks 

3 
200 

600 

ARUBA IAP-305 8 579 4,628 

AP-MNT-W4 LOW 
PROFILE BASIC AP 

8 21 166 

Professional Services ** 8 150 1,200 

    Sub-total 10,653 

Equipment Costs - Computers & Other Hardware 

Computers (Desktops w/ 2 monitors, mouse, keyboard, & 
webcam) 

Makerspace Clean -
Microsoft Surface 
Studio 

2 4,600 9,200 

Laptops for Staff 
Positions (Dell Latitude 
3480) 

3 850 2,550 

Front Desk - Desktop 
(Dell Optiplex 550 SFF) 

1 1,400 1,400 

Boardroom - Desktops 
(Dell Optiplex 550 SFF) 

1 1,400 1,400 

    Sub-total 14,550 

Other Equipment 

Metal printer 1 165,766 165,766 
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MultiFunction Printers 
(Xerox Phaser 7800 GX) 
- If via Grenfell they may 
be leased. 

2 9,000 18,000 

Smart-Boards 1 7,000 7,000 

Video Conferencing 
(one board room)  1 8,000 8,000 

Video Conferencing 
(one board 
room)  System 
Installation Fee 

1 500 500 

    Sub-total 199,266 

Total before tax 304,274 

15% HST 45,641 

Total 349,915 
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Appendix 3: Engineering Drawings and Renderings 

 

 
Innovation Centre: Floor 1 Plan 
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Innovation Centre: Floor 2 Plan 
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Innovation Centre: Floor 1 Rendering 

 
Innovation Centre: Floor 2 Rendering 
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Appendix 4: Budget Details 

Table 12: Innovation Centre Phase 1 renovation budget 

CASH BUILDING COSTS 

Budget Item Details Amount ($) - 
including 10% 
contingency 

Parking Lot 
Upgrades & 
Storm Drain 

Asphalt repairs, ashphalt cutting, asphalt paving, pavement parking, 
manhole adjustment/raising,concrete curb repairs, concrete walkway 
repairs, storm drain 

322,850 

Exterior Rework Sandblast exterior, exterior painting, exterior concrete rework, new 
exterior exit stairs, new windows/entrance, new exterior exit doors, 
concrete saw cutting, new overhead door, new roof/flashings, new 
access ramp/SW steel railing 

523,600 

Interior Rework Interior demolition, crawl space insulation, interior wall removal, new 
interior walls 4” metal stud, New interior perimeter walls 6” metal 
stud, new interior perimeter wall insulation R20, interior drywall 
(5/8"X), new interior millwork, interior painting, interior plastering, 
new drop ceiling main floor, new drop ceiling second floor, new 
second floor ceiling insulation (R40 Batt), new flooring main floor, 
new flooring second floor, existing stair rework, new office doors c/w 
trim and frames 

454,354 

Electrical Exterior lighting, new service, fire alarm, security/cameras, complete 
new interior electrical 

439,758 

Plumbing New building plumbing 38,500 

HVAC Shop area HVAC, vacuum system, AC unit for complete building, HRV 
unit, gas detection 

469,075 

Elevator  Elevator install 60,500 

Constriction 
Management 

Construction management (60% of cost will be provided in-kind by 
CBPPL) 

25,185 

Furniture Furnishings 65,573 

IT Computers, photocopiers, projection, internet & telephone service 
319,334 

  TOTAL CASH COSTS 2,718,729 

 

IN-KIND BUILDING COSTS 

Construction 
Management 

60% of costs to be provided in-kind by CBPPL 
37,778 

Maintenance Heat, lights, snow-clearing, sanitary, etc. to be provided by CBPPL 
during Y2-5 

864,000 

 
IN-KIND SUB-TOTAL 901,778 

 
TOTAL CASH AND IN-KIND 3,620,507 
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Table 13: Innovation Centre interior furnishings, operation, and 

maintenance budget 

Innovation Centre interior furnishings, operation, and maintenance budget 

Item Cost ($) 
2018 

Cost ($) 
2019 

Cost ($) 
2020 

Cost ($) 
2021 

Cost ($) 
2022 

Total Item Cost ($) 

Furniture & IT 349,915     349,915 

Commercial rental 
heating (heat and 
lights) – in kind 

 216,000 216,000 216,000 216,000 864,000 

    Total Cost (cash and in 
kind) ($) 

1,213,915 

 

Table 14: Centre for Research and Innovation project salaries and stipends 

Project salaries and stipends, 2018-2022 

Item Cost ($) 
2018-2019 

Cost ($) 
2019-2020 

Cost ($) 
2020-2021 

Cost ($) 
2021-2022 

Cost ($) 
2022-2023 

Total Item 
Cost ($) 

Subproject 1: Wood ash 
and sludge research (6 
MSc students; 6 IUs; 
$16,850/student) 

57,183.00 74,033.00 116,249.00 

    

247,465.00 

Subproject 2: 
Composting wood waste 
research (1 MA student; 
1 MSc student; 2 IUs; 
$16,850/student) 

20,183.00 20,183.00 

      

40,366.00 

Subproject 3: Agriculture 
and greenhouse research 
(1 MAEP student, 1 Eng. 
student; 2 IUs) 

20,183.00 20,183.00 20,183.00 

    

60,549.00 

Subproject 4: 
International marketing 
research 

7,118.40 7,118.40 7,118.40 7,118.40 7,118.40 35,592.00 

Subproject 5: 3D printing 
research 

    
20,183.00 20,183.00 20,183.00 60,549.00 

Subproject 6: Lyocell 
research 

    
20,183.00 20,183.00 20,183.00 60,549.00 

Subproject 7: Flame 
retardant research 

    
20,183.00 20,183.00 20,183.00 60,549.00 

Subproject 8: Water 
filtration research 

    
20,183.00 20,183.00 20,183.00 60,549.00 

Total Cost ($) 104,667.40 121,517.40 224,282.40 87,850.40 87,850.40 626,168.00 
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Table 15: Subproject 1 - Ash and Sludge research budget 

Sub-project 1, Research Programme 

Item Cost ($) 
2018-
2019 

Cost ($) 
2019-
2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total 
Item Cost 

($) 

Experiment 1: weekly 
samples to U Guelph (104 
total samples; $285/sample) 

$17,290 $12,350       $29,640 

Experiment 1: microbial 
community structure 
standards 

$5,833 $4,167       $10,000 

Experiment 2: 300 samples; 
$66/sample 

$11,550 $8,250       $19,800 

Experiment 3 and 4: 600 
samples; $66/sample 

$23,100 $16,500       $39,600 

Experiment 5: 300 samples; 
$66/sample 

$11,550 $8,250       $19,800 

Costs associated with 
biochar 

  $6,500       $6,500 

Research Travel - 
experiments 

$4,221 $8,091       $12,312 

Equipment/materials/user 
fees (MUN Engineering) 

$4,000 $4,000 $4,000     $12,000 

Research Travel (MUN 
Engineering) 

$2,000 $2,000 $2,000     $6,000 

Conference travel for 
graduate students 

    $5,000     $5,000 

Dissemination (1 publication 
per experiment; 
$2500/publication) 

    $6,250     $6,250 

Field Demonstration   $3,500 $3,500     $7,000 

Salaries & stipends $57,183 $74,033 $116,249     $247,465 

Total costs ($) $136,727 $147,641 $136,999 $0 $0 $421,367 
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Table 16: Subproject 2 - Composting wood waste research budget 

Sub-project 2, Research Programme 

Item 
Cost ($) 

2018 
Cost ($) 

2019 
Cost ($) 

2020 
Cost ($) 

2021 
Cost ($) 

2022 
Total Item 
Cost ($) 

Nutrient analysis of 
sludge: 50 samples; 
$20/sample 

  $1,000       

$1,000  

Nutrient analysis of 
wood substrate: 50 
samples; $20/sample 

  $1,000       

$1,000  

Samples of wood for 
C:N ratio: 50 samples; 
$20/sample 

  $1,000       

$1,000  

Contaminant analysis - 
ICP-MS analysis: 100 
samples; $61/sample 

  $6,100       

$6,100  

Contaminant analysis - 
Compost maturity 
testing: 150 samples; 
$20/sample 

  $3,000       

$3,000  

Contaminant analysis - 
Biological Testing: 50 
samples; $20/sample 

  $1,000       

$1,000  

Hydrocarbon analysis - 
TPH analysis: 100 
samples; $10/sample 

  $1,000       

$1,000  

Hydrocarbon analysis - 
HPLC analysis: 100 
samples; $10/sample 

  $1,000       

$1,000  

Acid digestion (EPA-
3050A): 330 samples; 
$5/sample) 

  $1,650       

$1,650  

ICP-MS analysis: 330 
samples; $56/samples 

  $18,480       
$18,480  

pH: 216 samples; no 
fee 

  $0       
$0  

Moisture content: 9 
samples; no fee 

  $0       
$0  

Ash: 9 samples; 
$20/sample 

  $180       
$180  

CEC: 9 samples; 
$20/sample 

  $180       
$180  

Ca and K: 9 samples; 
$20/sample 

  $180       
$180  

Sample prep; grinding: 
330 samples; 
$5/sample 

  $1,650       
$1,650  
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Consumables carry-
over to year 2 

    $21,842     
$21,842  

Co-composting 
experiments 

  $15,000       
$15,000  

Compost production 
costs 

  $5,250       
$5,250  

Travel   $4,221 $8,091     $12,312  

Dissemination (1 
conference, 1 
publication) 

    $4,000     

$4,000  

Salaries & stipends $20,183 $20,183       $40,366  

Total Cost ($) $20,183  $82,074  $33,933  $0  $0  $136,189  

 

Table 17: Subproject 3 - Agriculture and greenhouse research budget 

Sub-project 3 – Research Programme 

Item Cost ($) 
2018-2019 

Cost ($) 
2019-2020 

Cost ($) 
2020-2021 

Cost ($) 
2021-2022 

Cost ($) 
2022-2023 

Total Item 
Cost ($) 

Prototyping supplies $5,000 $3,000       $8,000 

Prototyping software $1,829 $469 $469     $2,767 

Travel to greenhouse 
sites  

$3,000         $3,000 

Focus groups and 
travel for focus 
groups 

$2,000         $2,000 

Stipends & Salaries 
(students) 

$20,183 $20,183 $16,850     $57,217 

Dissemination (1 
conference) 

  $3,000       $3,000 

Dissemination (1 
publication) 

  $2,000       $2,000 

Greenhouse 
Construction 

    $100,000     $100,000 

 Total Cost ($) $32,012 $28,653 $117,319 $0 $0 $177,984 
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Table 18: Subproject 4 - International marketing research budget 

Sub-project 4 – Research Programme 

Item Cost ($) 
2018-2019 

Cost ($) 
2019-2020 

Cost ($) 
2020-2021 

Cost ($) 
2021-2022 

Cost ($) 
2022-2023 

Total Item 
Cost ($) 

Travel to potential 
buyer sites 

  $3,000 $3,000     $6,000 

Dissemination (1 
conference) 

    $3,000     $3,000 

Dissemination (1 
publication) 

    $2,000     $2,000 

Salaries & stipends 
(students) 

$7,118 $7,118 $7,118 $7,118 $7,118 $35,592 

Total Item Cost ($) $7,118 $10,118 $15,118 $7,118 $7,118 $46,592 

 

 

Table 19: Subproject 5 - 3D printing research budget 

Sub-project 5 – Research Programme 

Item Cost ($) 
2018-
2019 

Cost ($) 
2019-
2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total Item 
Cost ($) 

Dual extruder 3D printer 
(appropriate for 
experimentation with 
filamentous materials) 

    $4,375     $4,375 

Filament extruder     $4,375     $4,375 

Filament spooler     $2,000     $2,000 

Supplies ($75/mo. For 
commercial wood filament, 
$500 PLA, + $300 office 
printing) 

    $2,050 $2,050   $4,100 

Dissemination (1 
conference) 

        $3,000 $3,000 

Dissemination (1 
publication) 

        $2,000 $2,000 

Salaries & stipends 
(students) 

    $20,183 $20,183 $20,183 $60,550 

  $0 $0 $32,983 $22,233 $25,183 $80,400 
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Table 20: Subproject 6 - Lyocell research budget 

Sub-project 6 – Research Programme 

Item Cost ($) 
2018-
2019 

Cost ($) 
2019-
2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total Item 
Cost ($) 

NMMO solvent (1000 
G) 

    $9,000     $9,000 

Dry Wet-Jet spinning (5 
heads @ $200/head) 

    $1,000     $1,000 

Cutter     $80,000     $80,000 

Fiber opener     $20,000     $20,000 

Non-Woven Baler     $20,000     $20,000 

Pulp feedstock (20 kg 
per month for 24 
months, based on 
current market prices 
according to NR Can) 

      $155 $155 $310 

Dissemination (1 
conference) 

        $3,000 $3,000 

Dissemination (1 
publication) 

        $2,000 $2,000 

Salaries & stipends 
(students) 

    $20,183 $20,183 $20,183 $60,550 

Total Item Cost ($) $0 $0 $150,183 $20,338 $25,338 $195,860 

 

Table 21: Subproject 7 - Flame retardant research budget 

Sub-project 7 – Research Programme 

Item Cost ($) 
2018-
2019 

Cost ($) 
2019-
2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total Item 
Cost ($) 

Chemicals/consumables     $5,000 $5,000 $5,000 $15,000 

Purchase of thermal 
analysis instruments 

    $100,000     $100,000 

User fees     $2,500 $2,500 $2,500 $7,500 

Dissemination (1 
conference) 

        $3,000 $3,000 

Dissemination (1 
publication) 

        $2,000 $2,000 

Salaries & stipends 
(students) 

    $20,183 $20,183 $20,183 $60,550 

  $0 $0 $127,683 $27,683 $32,683 $188,050 
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Table 22: Subproject 8 - Water filtration research budget 

Sub-project 8 – Research Programme 

Item Cost ($) 
2018-
2019 

Cost ($) 
2019-
2020 

Cost ($) 
2020-
2021 

Cost ($) 
2021-
2022 

Cost ($) 
2022-
2023 

Total Item 
Cost ($) 

Lab 
equipment/consumables 

      XXX XXX $0 

Testing of ash/carbon 
samples 

      XXX XXX $0 

Prototyping of carbon 
filtration technology 

      XXX XXX $0 

Dissemination (1 
conference) 

        $3,000 $3,000 

Dissemination (1 
publication) 

        $2,000 $2,000 

Salaries & stipends 
(students) 

    $20,183 $20,183 $20,183 $60,550 

Total Item Cost ($) $0 $0 $20,183 $20,183 $25,183 $65,550 
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Appendix 5: Partner Details 

Corner Brook Pulp and Paper Limited (CBPPL) – Darren Pelley, General Manager 

(Existing Partnership) 

CBPPL has committed funds and the former HR building across from the mill to support 

the establishment of a centre for research and innovation, which will work with 

government, community and business (including start-ups and industry partners) to 

reinvigorate our region by driving our active participation in the knowledge economy and 

fostering a culture of innovation. The centre will seed startups, support innovative 

solutions for industry and foster collaboration across a range of community partners.  

 

In addition, Grenfell and College of the North Atlantic are working with CBPPL on 

research program and a training initiative. GC and CBPPL are designing a joint 

research program to drive incremental innovation at the mill by improving 

competitiveness through increased use of byproducts.  An important opportunity around 

increased competitiveness involves cost reduction around sludge and ash. In the 

production of paper, CBPPL creates bark and secondary sludge which are currently 

mixed and burned to create ash which is landfilled at a considerable and likely 

increasing cost to CBPPL. Such ash is spread on soil as a liming and restorative agent 

in other locales.  Past studies have been inconclusive with regards to the suitability of 

CBPPL ash for such use due to the use of the oil to create the ash and related 

contamination. The research seeks to monitor and understand the nature of any 

contamination in the mill's ash production, determine the suitability of the ash, bark and 

sludge as a soil amendment (perhaps with the help of processing such as 

composting/biochar/biodigesting), and possibility/feasibility of improving mill 

competitiveness through alternate/improved processing of ash, bark fiber, sludge and/or 

heat.  Corner Brook Pulp and Paper Limited is contributing $50K per year for the two 

research and renewable for three more.  

 

College of the North Atlantic – Chad Simms, Senior Campus Administrator 

(Existing Partnership) 

The College of the North Atlantic is one of two public post-secondary institutions in the 

western Newfoundland region and a major contributor to the workforce development 

and training of the workforce of both CBPPL and the wider Corner Brook workforce. 

CNA’s Corner Brook campus has been integral to the development of the proposal 

through its development of the training component of the project. CNA faculty and staff 

are very familiar with the training needs of the mill through curriculum such as its 

Millwright program, and on this basis the institution aims to further enhance the training 

capacity of the mill by developing programming to support succession planning for 

skilled mill employees, expand skills development and training in new trades related to 

innovation, and run training programs out of the new Innovation Centre building. CNA 
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has contributed significant time and resources to the proposal to date, and will continue 

to be a major partner in the project. 

 

City of Corner Brook - Jim Parsons, Mayor 

(Existing Partnership) 

The City of Corner Brook is located on Newfoundland’s west coast. The City of Corner 

Brook Council is comprised of 1 mayor and 6 councilors. City councilors and staff have 

partnered with GC on several projects related to the economic development and 

sustainability of Corner Brook, including the running of a semester-long ‘City Studio’ 

class jointly held at GC and at City Hall. The City of Corner Brook is supportive of the 

Centre of Research and Innovation project and is hopeful that its actualization will be 

beneficial for the economic and social wellbeing of the City.  

 

Western Newfoundland Entrepreneurs - Jason Janes  

(Existing Partnership) 

Western Newfoundland Entrepreneurs is a social space connecting entrepreneurs in the 

western region of Newfoundland. Their purpose is the stimulate entrepreneurial 

conversation in local areas as well as generating new interest, excitement and action 

related to business and startups. The group is comprised of small business owners, 

employees of small businesses or startups, mentors, potential investors, and 

organizations providing services to entrepreneurs. The goal of Western Newfoundland 

Entrepreneurs is to share ideas, solve problems, engage mentors, and stimulate the 

creation of new businesses. Western Newfoundland Entrepreneurs will be involved in 

program development and delivery at the Innovation Centre. 

 

The DIY Society - Pierre Garigue  

(Existing Partnership) 

The DIY Society is a community group based in Corner Brook NL. The mandate of the 

group is to bring people together to promote shared learning of Do it Yourself skills. It 

hoped that the facilitation of a space for shared skills learning will assist individuals in 

achieving their creative goals. All kinds of skills are of interest including traditional crafts 

and arts, life skills, and skills in new technologies. The DIY Society will be involved in 

program development and delivery at the Innovation Centre. 

 

New World Dairy Inc. - Brent Chaffey, owner   

(Existing Partnership) 

Food security in Newfoundland and Labrador can be achieved through innovative 

technologies that make use of local resources to enhance and diversify local food 

production. Dairy farms across the province produce significant amounts of nutrient 

laden wastes. Such waste is usually treated more or less intensely and applied to field 

crops. New World Dairy Inc. has expressed interest in participating in research related 
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to the use of nutrient laden waste materials from farms in addition to ash and sludge 

from CBPPL on their farm.  

 

Natural Resources Canada - Canadian Forest Service (CFS) – Karishma Boroowa, 

A/Science Director 

(Existing Partnership) 

The Canadian Forest Service of Natural Resources Canada is the national and 

international voice for Canada's forestry sector. They collaborate with provinces and 

territories, academia, Indigenous partners, non-governmental organizations, industry, 

and communities to ensure the sustainable use of Canadian forest ecosystems. They 

also provide science and policy expertise on nationally important forest sector issues. 

NRCan-CFS will be involved in the research component of this project and will support 

the training of highly qualified personnel.  

 

West Valley Farms - Gerard and Danny Cormier, owners 

(Confirmed Partnership) 

West Valley Farms supplies silage to their partners, New World Dairy, who have a herd 

of 1000 cows, making them the largest dairy farm in Atlantic Canada. Northern, rural 

boreal ecosystems, with colder climate and thinner soils, require nutrients to be added 

yearly to ensure suitable yields on vegetables, as well as silage for dairy, beef and 

sheep. Analysis and investigation of the suitability of CBPPL ash and sludge as 

potential agricultural additives for our region’s unique growing conditions will be 

considered in the research component. The potential addition of these nutrient sources 

will support making farms, like West Valley farms, in the region more competitive while 

also utilizing waste products from the forestry and mining sectors.    

 

Western Regional Waste Management – Don Downer 

(Confirmed Partnership) 

Western Regional Waste Management is committed to helping residents of western 

Newfoundland dispose of waste in a cost-effective, safe, and environmentally-friendly 

manner. Municipalities in WRWM’s catchment area, including Corner Brook, are facing 

a dramatic increase in costs for disposing of solid waste resulting from the centralization 

of landfilling facilities in the province. Instead of using the Wild Cove site, municipalities 

and other large waste producing entities in the area will now have to have waste trucked 

to central Newfoundland at a much higher cost. WRWM is spearheading a greatly 

expanded household recycling program as part of the strategy to mitigate these costs 

and reduce the environmental impacts of transporting the region’s waste. WRWM is 

supportive of the project for its potential to divert wood ash from CBPPL, which is 

currently landfilled at Wild Cove, into productive uses with related environmental and 

economic benefits for the region. 
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Newfoundland and Labrador Forest Industry Association - Bill Dawson 

(Confirmed Partnership) 

The Newfoundland and Labrador Forest Industry Association is a new organization 

comprised of four entities which account for 96% of the forest industry in NL - Corner 

Brook Pulp and Paper (Corner Brook NL), Burton’s Cove Logging and Lumber 

(Hampden NL), Sexton’s Lumber (Bloomfield NL), and Cottles Island Lumber 

(Summerford NL). This industry-driven association is looking to partner on the research 

component as means for identifying and addressing both challenges and opportunities 

for expanding forest industry capacity in the province. 

 

Qalipu Development Corporation – John Davis 

(Existing Partnership) 

The Qalipu Mi’kmaq First Nation Band is headquarted in Corner Brook, representing a 

membership of Mi’kmaq people across Newfoundland but mostly concentrated on the 

west coast. Qalipu gained status under the Indian Act in 2011. As the economic 

development organization of the Qalipu Mi’kmaq First Nation Band established as an 

independent corporate business entity, the Qalipu Development Corporation works to 

advance the economic interests of the Band’s 24,000 members across Newfoundland 

and abroad. Its mandate is to manage the Band’s portfolio of existing business 

operations and find new investment and joint venture opportunities. The Qalipu 

Development Corporation is headquartered in Corner Brook and plays an important role 

in the economic development of the western region. Since the proposed project will take 

place on traditional Mi’kmaq territory and in a region with many Qalipu members, the 

project partners are working with Qalipu Development Corporation to ensure that it 

benefits the Qalipu economically and socially to the greatest extent possible.  
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Appendix 6: Detailed Research Project Descriptions 

 

Project 1: Ash & Sludge Research 

 

Literature Review 

Increasing energy cost and enhanced co-generation technology led Canadian pulp and 

paper mills to produce electricity through combustion of wood waste. As a result, these 

facilities produce significant amounts of wood ash annually that are commonly disposed 

in landfill sites. Wood ash is the most abundant waste of the pulp and paper mills 

industry and accumulates mostly in the environment. Wood ash, with other paper mill 

wastes, has been traditionally disposed of through incineration or land filling 

(Beauchamp et al. 2002). The rising costs of disposal, combined with increasingly 

stringent environmental legislations creates an obvious need for the development of 

viable alternate uses for the wood ash waste, rather than continued disposal in landfill 

sites. Moreover, agriculture expansion in the province is the top priority of provincial 

government and has been documented a “way forward” program which creates the 

opportunity and the potential for employing wood ash as an organic soil amendment 

and source of plant nutrients for both field and greenhouse crop production. Wood ash 

is known to be a good source of inorganic and organic plant nutrients, such as 

potassium (K), phosphorus (P), magnesium (Mg), calcium (Ca), and micronutrients 

(Saarsalmi et al. 2004; Demeyer et al. 2001; Kukier and Sumner 1996). Interestingly, 

application of wood ash to land has been shown to be 33-66% less costly than land 

filling, and therefore could be an economically superior alternative disposal method for 

the industry (Campbell 1990).  

 

It is generally believed that wood ash can serve as a liming agent and its application to 

the soil is a convenient way to recycle exported nutrients. The efficacy of wood ash as 

an alternative liming source and K availability to crop has been recently demonstrated in 

a greenhouse experiment (Sharifi et al. 2013), and under field conditions (Adekayode 

and Olojugba 2010; Naylor and Schmidt 1986). Wood ash is being increasingly used to 

increase soil pH (Hakkila 1989; Naylor and Schmidt 1986) and supply plant nutrients 

(Sharifi et al. 2013; Mbah and Nkpaji 2010; Ohno and Susan Erich 1990). Jokinen et al. 

(2006) found an increase in microbial activity, as well as a shift in the microbial 

community composition due to wood ash amendment. Besides the stimulation of 

microorganisms, ashes are also known to promote plant growth (Moilanen et al. 2002; 

Nkana et al. 1998). After combustion, most of the inorganic nutrients, trace elements 

and some minor heavy metals from biomass are retained in the ash (this is one of our 

research questions in this experiment), which could be a significant source as liming 

material and plant nutrients (P, K, Mg, Ca and trace elements) and can be used as a 
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supplement to fertilizers (Bougnom et al. 2009; Ohno and Susan Erich 1990; Naylor and 

Schmidt 1986). Feedstock material is the major determinant of ash composition and 

differs among ash produced from the paper industry, bark burning boilers and tree 

harvesting (Muse and Mitchell 1995; Naylor and Schmidt 1986). Ash derived from 

branch and root wood is richer in many elements than stem wood (Werkelin et al. 2005; 

Hakkila 1989). Burning processes in commercial furnaces are the other major drivers in 

determining the wood ash composition. For instance, Pitman (2006) demonstrated that 

the temperature must be between 500°C - 900°C to release the most nutrients without 

creating heavy metal volatilization, and that heavy metals are enriched into ash during 

wood burning. Therefore, the amounts of heavy metals in power plant ashes can vary 

significantly. The differences may be greater among different wood fuels than between 

different biofuels. Ashes of wood based-fuels have harmless heavy metal contents, 

unless significant amounts of coal or oil ashes are added to the mix (Taipale 1996). 

Heavy metals are persistent or difficult to remove or degrade once introduced into the 

soils and high heavy metal concentrations may cause long term risks to ecosystems 

and humans. Concerns about their mobility and bioavailability have increased because 

of food safety, potential health risks and their detrimental effects on ecosystems 

(Uchimiya et al. 2010a).  

 

Biochar (BC) is a fine-grained and porous substance produced by the pyrolysis of 

biomass at low to medium temperatures (450 to 650 °C) under oxygen limited 

conditions (Sohi et al. 2009). BC is derived from the pyrolysis of waste biomass, such 

as residues from agriculture and forestry (Liu et al. 2011; Wang et al. 2010), chicken 

manure, green waste (Park et al. 2011) and animal manure (Slavich et al. 2013). BC 

prepared at a lower temperature from crop residue feedstock have high levels of 

extractable cations, available P, high alkalinity and CEC making it a good candidate for 

a soil ameliorant (Wu et al. 2012). Further, high temperature BC is inert and recalcitrant 

to degradation; thus less decomposable and bioavailable to microorganisms (Glaser et 

al. 2002). 

 

Feedstock material of BC may affect their physical and chemical properties, and 

performance in terms of carbon sequestration and soil conditioning. Plant-derived BCs 

are considered to be a soil conditioner rather than fertilizer, while manure-derived BCs 

have been shown to release nutrients and could be used as a fertilizer source, as well 

as, a soil conditioner (Uchimiya et al. 2010a). Heavy metals often coexist in 

contaminated soils, and their mobility and bioavailability is of global concern (Uchimiya 

et al. 2010a, b). BC is known to have a highly porous structure, have various surface 

charge profiles due to a range of functional groups, and was shown to be effective in the 

adsorption of heavy metals (Liu and Zhang 2009). Additionally, it can reduce metal 

solubility by raising the soil pH and thus augmenting retention on cation exchange sites 
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(Beesley and Marmiroli 2011; Uchimiya et al. 2011a; Namgay et al. 2010). Application 

of BC to soil can potentially enhance the long term carbon (C) pool (Lehmann 2007), 

and/or improve soil properties and crop yields (Jeffery et al. 2011; Kookana et al. 2011). 

It has been suggested that BC could bind and/or precipitate contaminants in soils, and 

minimize the risk of entering the human food chain (Uchimiya et al. 2012; Zhang et al. 

2010). As such, BC could be an excellent amendment with potential applications in 

reducing the bioavailability and leachability of heavy metals in sludge prior to use in 

agriculture production (forestry, agronomic and horticultural crop production). BC 

additions with soil, and in combination with wood ash and sludge may impact the 

physical, biological and chemical properties of soil, particularly pH, CEC, and 

bioavailability of nutrients, active microbial community structure, and uptake of heavy 

metals. 

 

Knowledge Gap 

A study in 2010 tested five weekly composite samples of Corner Brook Pulp and Paper 

Limited (CBPPL) fly ash for metal content and select hydrocarbons of concern (Churchill 

and Kirby 2010). The ash samples were collected regardless of biomass to oil fuel ratio 

used in the boiler. The ash had high levels of Ba, Cu, Zn (five samples), Cd, Ni (four 

samples), Cr (two samples) and V (one sample) that were above the Canadian Council 

of Ministers of the Environment (CCME) Soil Quality Guidelines for the Protection of 

Environmental and Human Health for agricultural soils (CCME Soil Quality Guidelines) 

(CCME 2016). Using the CCME Guidelines for Compost Quality Class A (CCME 

Compost A Guidelines), only two metals were above allowable levels: Mo (five samples) 

and Ni (three samples) (CCME 2005). The hydrocarbons were all below allowable 

levels from the CCME Soil Quality Guidelines for all five weekly composite samples 

(PAHs (benzo(a) pyrene, naphthalene), PCB  - not detected; dioxin/furan were detected 

but below allowable levels).  

 

A compost trial using CBPPL ash was attempted in 2012, but insufficient amounts of fly 

ash were used and data was inconclusive (Kirby 2014). In 2014 CBPPL ash was tested 

again for metals and hydrocarbons but in this case ash was only collected when the 

feed ratio was no less than 95% biomass by weight (Janes and Jiao 2014). A total of six 

samples were collected under various operating conditions of the boiler. Similar results 

were obtained as in the 2010 study. In this case, when compared to the CCME Soil 

Guidelines, all samples had higher than accepted levels of Ba, Cu, Zn, Ni and Cr. One 

sample had an elevated level of Cd. When compared to the CCME Compost 

Guidelines, again only Mo and Ni were present in amounts above allowable levels. 

Hydrocarbons results were the same as the 2010 study with all compounds tested 

either not detected or below acceptable levels.  
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Previous studies have demonstrated the role of wood ash as a liming material and BC 

to enhance nutrient availability and remediation of heavy metals. However, interactive 

effects of wood ash and BC, and sludge and BC in enhancing bioavailability of plant 

nutrients, soil quality, plant growth, yield and adsorption of heavy metals has not been 

fully explored. 

 

Many studies have indicated that BC could significantly contribute to the immobilization 

of certain heavy metals such as Cd, Pb, and Zn in the soil (Beesley et al. 2010; Cao et 

al. 2009), remove heavy metals from wastewater (Xu et al. 2013) and reduce the 

bioavailability of organic contaminants (Beesley et al. 2010). Laboratory experiments 

using equipment such as FTIR, XRD, SEM/EDS, and TEM demonstrated that BC has a 

strong adsorption capacity of heavy metals (Uchimiya et al. 2011; Namgay et al. 2010; 

Uchimiya et al. 2010; Cao et al. 2009). Karami et al. (2011) further demonstrated that 

combinations of compost or organic material had a synergistic effect with a greater 

efficiency for reducing lead concentration in pore water and uptake in plants. However, 

specifically combined role and interactions of wood ash, sludge and BC on plant growth, 

active microbial community structure, bioavailability of plant nutrients, heavy metal 

and/or organic contaminants concentrations, and associated uptake in plants has not 

been studied. 

 

Research Problem & Purpose 

Corner Brook Pulp and Paper Ltd. (CBPPL) generates approximately 10,000 tons of 

wood ash annually that is disposed at the Wild Cove waste disposal site (personal 

communication with the chair of Western Regional Waste Management Authority-

WRWMA). Chemical analyses of wood ash samples collected from this landfill site 

showed a very high pH of 12.7, 58% carbon, 1.26% total P, and 1.42% K. Preliminary 

results also revealed that the concentration of heavy metals is below the maximum 

detectable limit (MDL). Wood ash with these characteristics can thus be used as a 

cheap liming material and plant nutrient source for agricultural soils in western 

Newfoundland. Newfoundland soils have low fertility and are very acidic. Such soils 

require regular applications of lime and fertilizers to supplement elements necessary for 

plant growth (Fisheries, Forestry and Agrifoods 2016). Nutrient uptake, and production 

efficiency in crops could be reduced up to 40% if pH level is below 5.9. At pH below 5.0 

(very acidic), aluminum (Al), iron (Fe) and manganese (Mn) become more available and 

cause toxicity to crops. Excess Al can restrict root growth and function in crops (Leblanc 

et al. 2006).  

 

CBPPL also produces around 10-15 metric tons of sludge per day as a byproduct of the 
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wastewater treatment plant (oxidation pond), containing ~88-95% of moisture. The very 

high water content limits the utility of this sludge for direct use in the boiler for steam 

generation. Other uses within the daily operation are also limited due to the high water 

content and a very high daily volume accumulates which needs to be stored and 

treated. As such, the sludge has become an economic burden for the CBPPL. Since 

timber waste undergoes an oxidation process during the treatment, it may have its 

nutrients readily available for plants. Thus, alternative use of sludge for forestry, 

agronomic or horticultural crop production (either field or greenhouse) without further 

treatment would be a desirable management strategy. However, bioavailability of 

nutrients and potential heavy metals in sludge must be evaluated before use in 

agriculture.  

 

In addition to the analyses done on the fly ash with respect to soil properties, three 

samples of ash were investigated for thiosalt and selenium adsorption in 2014 at MUN 

St. John’s campus. The first sample (CBM) was collected from the Corner Brook mill's 

boiler in January 2012, the second sample (CBM-D) was collected from the 

cogeneration plant in dry form before it water treatment and the third char sample 

(CBM-W) was collected from the top of the water impounded conveyor where char 

floats on top of water. The CBM-D sample was divided into particles less than 500 

microns (CBM-D1) and particles between 500 microns and 1.8 mm (CBM-D2). The 

CBM and CBM-W had particle sizes between 1.8 and 4 mm. Major elements present in 

the analyzed ash/char samples are Ca, Si, Al, Na, K, Fe, Mn, Mg, P, Ti. Very high Ca 

and Si elemental compositions are recorded in most of the samples (5,000-200,000 

ppm). Compounds rich in Ca, Na, K, Mg can be used to neutralize and increase pH of 

acidic effluent water streams such as AMD (Vassilev et al., 2013b). CBM-D1 contain the 

highest amount of Si and Al which is an important factor for zeolite synthesis (Adeoti, 

2011; Vadapalli et al., 2012). Concentrations of Ba, Sr, Cu, Zn, Pb, B in the samples are 

less than 2000 ppm. Heavy metal concentrations in the samples were less than 100 

ppm while iron varied between 1,800-45,000 ppm.  

The carbon content was approximately 80wt% for both CBM-W and CBM-D2 samples, 

while CBM was 61 wt% and CBM-D1 was 3 wt%. The low value for CBM-D1 is not 

unexpected as it represents the “ash” component of the CBM-D sample, this sample 

also had the highest values of Ca, Si, Na and other inorganics. This shows how 

separating out by particles size can impact the properties of the ash, that is the CBM-D2 

sample may have better non-polar adsorbent capacities, while the CBM-D1 sample is 

better suited for polar compound adsorbent applications. 

Analyses by MLA (mineral liberation analyses) showed samples mainly consist of char, 

calcium carbonate, calcium rich slag, calcium rich char and slag rich in Ca-S-Al-Mg. 

CBM-D1 was rich in SiO2. It is interesting to note that main phase in both CBM-W and 
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CBM-D2 samples is carbon; slag rich in Ca-S-Al-Mg and SiO2 were identified as the 

other two main phases in these two samples.  

SEM analyses showed CBM-W, CBM-D2 contain meso/macro porous carbon particles 

(Adeoti, 2011). A honeycomb structure is clearly visible in the images of CBM-W 

sample. The images also show the presence of a large number of fine particles on the 

carbon surface which may be a result of condensation of trace elements (amorphous 

slag caused during combustion and cooling) or due to the deposition of different species 

of alkali and other elements (Li et al., 2012). This can be further confirmed by the results 

from the MLA which confirms the presence of calcium rich char, alkali-feldspar, silica, 

slag rich in Si, Al, Mg, S, Ca, Ti in these samples.  

The surface areas of the sample varied from 350-425 m2/g for CBM, CBM-D2 and CBM-

W, and ~20 m2/g for CBM-D1. Again the much lower surface area is due to the nature of 

the particle size and carbon content. 

The pH of the surface for all samples were greater than 9, indicating the ash is suited 

for treatment of acid mine drainage or other acidic streams. 

Potential utilization directions for these biomass ash/char based on characterization 

results are: soil amendment (liming, neutralization, stabilization) and fertilization; 

adsorbents for water treatment and gas purification; mine backfilling and excavation 

work, neutralization of acid water and waste; recovery of char; recovery of Fe fraction 

enriched in some trace elements; recovery of other valuable elements and compounds; 

refractory materials (silica minerals, calcium silicates, lime); synthesis of zeolites; 

construction materials (Vassilev et al., 2013b). However, preliminary tests need to be 

carried out in order to confirm the suitability of using these ash/char sample for any 

specific application in order to understand the feasibility, cost implications and other 

environmental concerns. 

In our labs we also produce biochar from the fast and slow pyrolysis (thermochemical 

conversion at temperatures between 400-600oC without oxygen) of forestry and fishery 

residues. Fast pyrolysis also produces a bio-oil that can be used as a low-quality 

heating oil or further upgraded to higher quality oil. In our work we use saw chips, dust 

and bark as feedstock for pyrolysis. We have shown through various studies (e.g. Krutof 

and Hawboldt, 2018; Rahman et al., 2018; Papari and Hawboldt, 2017; Papari et al., 

2017) that the oil is also a source of valuable chemicals (e.g. methanol, fermentable 

sugars, phenolic compounds) that could be used as feedstock for chemical production 

and biomaterials. Further, the biochar has value as a soil amendment, adsorbent, and 

biomaterials feedstock (e.g. Bamdad et al., 2018; Range and Hawboldt, 2018; Bamdad 

and Hawboldt, 2016). Unlike the ash the biochar is much higher in carbon (>75wt%) and 

has surface functionality (Bamdad et al., 2018). Surface functionality refers to the ability 

of the surface to bind target compounds such as nutrients (for soil applications) or 

contaminants (for wastewater treatment or tailings treatment). Although the surface area 

is typically much lower (~100 m2/g) than ash, the adsorption capacity can be much 
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higher for some compounds due to this surface functionality. As such, combining the 

ash and biochar or using the biochar alone, shows promise in soil and adsorbent 

applications. 

We have the ability to generate char at gram levels (in lab scale unit) to 1 kg/hr in our 

larger pilot scale unit (2-4 kg/hr capacity). In the Clean Growth proposal we are partners 

with AbriTech Inc. on we will have a 1 tonne/d pyrolysis unit. The combination of these 

different scales allows us to optimize char properties and test the properties with 

scaling. In addition, this would supply the Grenfell team with a supply of biochar. 

In this work we propose to test the ash samples along and with char samples generated 

in project xx to determine the ability of the samples to be used as an adsorbent in gas 

and wastewater applications. We have done initial tests with sulfur compounds (Range 

and Hawboldt, 2018) and carbon dioxide (Bamdad et al., 2018) which show good 

results. We would also collaborate with Dr. Hossain, a pavement and asphalt specialist 

in MUN Civil Engineering, on possible biochar and ash applications.  

The ash/char samples will be further characterized, dosage of ash/char varied, and 

single and mixed solutions will be tested to determine adsorption capacities, target 

compound selectivity, and rate of adsorption for scale up and design of permeable 

reactive membranes and fixed bed reactor design. 

We would work with Grenfell as the characterization and adsorption experiments would 

feed the projects 1 and 2 and vice versa (e.g. ability to retain/fix metals). 

 

Research Questions/Hypotheses/Objectives 

Therefore, we hypothesize that wood ash, and sludge and co-application of biochar to 

agricultural soils would be a cost-effective liming and plant nutrient source and a viable 

approach for enhancing crop yield.  Considering the increasingly high cost of liming 

materials, fertilizers and a preferred economic disposal method of wood ash and sludge 

generated by the CBPPL, as well as the multifaceted benefits of biochar; the proposed 

study aims to achieve the following objectives: 

1) To assess the temporal bioavailability of nutrients, heavy metals, and active 
microbial community structure in wood ash and sludge. 

2) To optimize the application rates of wood ash, sludge alone and in combination with 
biochar on the active microbial community structure, growth and yield of agronomic 
and horticultural crops. 

3) To investigate the effects of wood ash, and sludge alone and in combination with 
biochar on soil health status, soil fertility, crop growth, and yield (agronomic and 
vegetable crops). 

4) To investigate the effects of wood ash, and sludge alone and in combination with 
biochar on safety and quality indices, or phytonutrient content of agronomic and 
vegetable crops. 
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5) To develop and test a greenhouse growth medium based on wood ash and sludge 
in combination with biochar. 

6) The overall objective of this subproject is to determine the effectiveness of biochar 
in reducing mobility of heavy metals in soil, and more specifically to:  
 
a) determine the effectiveness of CBPPL ash and biochar; both alone and 

combined, as a soil amendment and  
b) to determine if any of the metals present in the ash will be mobile in the soil and 

what effect the biochar will have on that mobility. 
c) To assess plant uptake of metals from fly ash alone and with biochar present.  

 
Methodology 

These experiments will be conducted either in walk-in growth chamber (recently 

installed at Grenfell Campus) or greenhouses at Wooddale Agriculture and Forestry 

Development Centre, Agriculture and Lands branch, Department of Fisheries and Land 

Resources.  

Sub-Objective 1: Wood ash and sludge samples will be collected biweekly (for the full 

period of the project) from the CBPP site to assess the impact of any variability in 

combustion protocols, primarily in the type and quality of fuel sources. Sludge and ash 

samples will be sent to Agriculture and Food Laboratory (AFL), University of Guelph, for 

a complete analysis (dry matter, pH, EC, total carbon (inorganic and organic), TKN 

(NH4-N, NO3-N), total P and Mehlich-3 extractable, total K and extractable, total Mg 

and extractable, total Ca and extractable, total Na and extractable, and heavy metal 

(As, Cd, Cr, Co, Cu, Pb, Mo, Ni, Se, Zn and Hg). Additionally, organic contaminant 

levels (benzene, ethylbenzene, toluene, and polyaromatic hydrocarbons) in the wood 

ash and sludge will be assessed at Grenfell Campus’s BERI facility. Diversity and 

functional profiling of microbial community will be assessed in incubation with ash and 

sludge supplements. 

 

Sub-Objective 2: Using a soil probe, composite soil samples with low pH (≤5) and low 

fertility will be collected at 0-20 cm depth from Pynn’s Brook Research Station (PBRS) 

and will be sent to soil, plant and feed laboratory, Department of Fisheries and Land 

Resources for physio-chemical analyses (pH, organic matter, soil bulk density, nitrogen-

ammonium and nitrate, CEC, and EC). Biochar (BC) will be purchased from Air Terra 

Inc. (only BC producing company registered with the Canadian Food Inspection 

Agency- CFIA). Physio-chemical properties of BC depend on the type of feedstock and 

pyrolysis conditions (Wu et al. 2012), and consequently its behaviour, function and fate 

in soils. BC prepared at a lower temperature from crop residue feedstock have high 

levels of extractable cations, available P, high alkalinity and CEC having a good 

candidature as a soil ameliorant (Wu et al. 2012). Further, high temperature BC is inert 

and recalcitrant thus less decomposable and less bioavailable to microorganisms 
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(Glaser et al. 2002). BC additions with soil, and in combination with wood ash and 

sludge may impact the physical, biological and chemical properties of soil, particularly 

pH, CEC, and bioavailability of nutrients, active microbial community structure, and 

uptake of heavy metals. In this objective, we will optimize wood ash and sludge using 

different application rates under controlled conditions. Experimental treatments will 

include: lime (control), lime + recommended fertilizers, wood ash-L (low), wood ash-M 

(medium), wood ash-H (high), wood ash-L + BC, wood ash-M + BC, and wood ash-H + 

BC. Wood ash-M will be the rate required to raise the target soil pH and will be 

determined after soil and wood ash analyses. Wood ash-L and wood ash-H rates will be 

half and double than the wood ash-M. BC application rate will be used as described by 

Jones et al. (2012). All fertilizers including macro and micro nutrients will be applied 

according to the regional recommendations and soil analyses report. Each experimental 

set of wheat and vegetable will be composed of eight treatments and will be laid out in a 

complete randomized design (CRD) with three replications. Eight seeds of each wheat 

and vegetable will be seeded in plastic pots filled with 3 kg of air dried soil mixed with 

respective wood ash, sludge, lime and/or BC treatments. After emergence, the 

seedlings will be reduced to five. Temperature, humidity, photoperiod and light fluxes in 

greenhouse will be adjusted according to the requirements of the crops. Pots will be 

watered 2-3 times per week (based on the pots weight to keep soil moisture at 55% of 

soil water holding capacity) and rotated in space weekly. Plant and soil samples will be 

collected at different growth stages of crops. Soil pH, root-shoot fresh and dry weight, 

leaf area, chlorophyll contents and net photosynthesis will be measured at different crop 

growth stages. Before the final harvest, soil and plant samples will be collected from 

each treatment to determine the role of biochar in enhancing the physiochemical 

properties and active microbial communities both in wood ash and sludge amended with 

soil. Similar to the wood ash experiment, sludge will be used as water and nutrient 

source and rest of treatments will remain same.  

 

Microbial community diversity and functional profiling will be assessed in incubation with 

ash and sludge supplements. Microbial community in the incubated matrix (both 

bacteria and fungi) will be assessed by evaluating total DNA via quantitative diversity of 

16S rRNA and fungal endoITS. MiSeq sequencing will be carried out at 

GenomeQuebec. Bioinformatics will be carried out via QIIME and mothur pipelines. This 

will provide a full picture of changes in taxonomic diversity for both bacteria and fungi. 

Functional profiling of microbial communities will be carried out based on the phylogeny 

as assessed for the 16s rRNA phylogeny of the bacterial communities. This will be 

carried out via Phylogenetic Investigation of Communities by Reconstruction of 

Unobserved States (PICRUSt; Langille et al., 2013). This approach assesses the 

functions encoded in the genetic material by comparing the functions encoded in their 

nearest genetic neighbour. Thus PICRUSt uses 16S rRNA marker gene and a 
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reference genome dataset with evolutionary modelling to predict functional composition 

of metagenome. Gene duplication, gene loss and gene transfer are included in the 

phylogeny function correlation. The first step is a ‘gene content inference’ which starts 

with an operational taxonomic unit (OTU) reference tree, as obtained from the 16s rRNA 

MISeq sequencing, to infer genes that have not been sequenced. Ancestral state 

reconstruction algorithms and a weighting method (including estimate uncertainty) are 

applied to predict the gene content of all the microbial community. Then a second step, 

‘metagenome inference’, creates an annotated table of predicted gene family 

(orthologous groups or other identifiers) per sample using an OTU table normalized with 

the marker gene copy number (calculated in the first step). PICRUSt also determines 

how OTUs contribute to gene function. This will offer a full functional picture of each 

sample and allows for exploratory and explanatory statistics to be carried out on the 

functional structures of soil collected across treatments and along the incubation period. 

 

Sub-Objective 3: The methodology for this objective is directly related to part 2 above, 

which consists of 8 different treatments combinations of wood ash, sludge, biochar and 

inorganic fertilizer. Optimized wood ash and sludge rates alone and in combination with 

biochar will be used in pots under greenhouse settings. Climate parameters such as air 

temperature, humidity, sunlight and CO¬2 levels will be the same for all treatments. 

Predetermined irrigation rates and irrigation intervals based on basic characteristics of 

the potting media will be applied to all treatments. Pots will be rotated weekly within the 

greenhouse to maintain equal conditions for plant growth. Wheat (Triticum aestivum L.) 

and a vegetable crop will be used as test crops. Crop growth and other physiological 

parameters and yield of both crops will be monitored at different growth stages as 

mentioned in part 2. Soil samples from all treatments will be collected and analyzed to 

determine physical chemical and biological properties of soil to evaluate the soil health. 

Main soil properties that will be tested, but not limited to would be; physical: porosity, 

bulk density, temperature, water holding capacity and available water; chemical: pH, 

cation exchange capacity, electrical conductivity, macro and micro nutrients; biological: 

active microbial community structure. These parameters will be measured at different 

crop growth stages of each crop. Soil properties will be correlated to crop growth 

physiological parameters (leaf area, chlorophyll contents and net photosynthesis) and 

their final yield. 

 

Sub-Objective 4: The methodology for this objective is directly related to the part 2 

above, which consists of 8 different treatments combinations of wood ash, sludge, 

biochar and inorganic fertilizer. Optimized wood ash and sludge rates alone and in 

combination with biochar will be used in pots under greenhouse settings. Fresh and dry 

biomass (60 °C for 72 h) of roots and shoots will be weighed to determine the crop 

growth rate in all treatments. Thereafter, root-shoot dry biomass of each treatment will 
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be pooled and ground finely with Cryomill and will be analyzed for total nutrient contents 

using the dry ash method (Westerman, 1990). Finally, yield of both crops in each pot 

will be quantified. Nutrient uptake, organic contaminants (PAH, benzene, toluene, 

ethylbenzene) and heavy metals in vegetable and wheat plants at final harvest will be 

determined according to the prescribed standard procedures. Nutrient uptake in plant 

tissues will be calculated as: the content (mg/pot) = conc. in the shoot × dry weight of 

the shoot in each pot. Soil pH in each pot/treatment will be determined biweekly to 

evaluate the changes in pH or consistency over entire growth period of both crops. At 

harvest, the quality indices (e.g, flavor volatiles [aldehydes, ketones, esters, fatty acids], 

total acidity, sugar content, organic acids, total soluble solids), phytonutrient content 

(e,g. amino acids, total protein, vitamins, essential minerals, sugars, acidity, fatty acids) 

and safety (heavy metals and/or organic contaminants) levels in the crops or produce 

will be assessed using a combination of published mass spectrometric, spectroscopic 

and chromatographic methods (Rey- Salgueiro et al 2016, Thomas et al. 2010, Woods 

et al. 2006) in the labs at the Grenfell Boreal Ecosystem Research Initiative (BERI) labs. 

 

Sub-Objective 5: The results of the plant growth experiments, as well as the nutrient 

analyses and performance of the amendments (sludge, wood ash and biochar) will be 

used to formulate and develop a growth media for plant production under greenhouse or 

controlled environment for vegetables and/or ornamental (horticultural) crop cultivation. 

The composition (nutrients composition, CEC, pH, water holding capacity, bulk density 

etc.) and plant performance (growth, yield, nutrient composition etc. of cultivated crops) 

of the test media will be assessed in growth chambers and greenhouse (Wooddale 

Provincial Tree Nursery) using a model test crop from each of the following sectors 

(horticultural/ornamental, agronomic and forestry). Plant performance in the test media 

will be used to determine suitability of the developed media for forestry, agronomic, 

and/or horticultural crop production under controlled environmental conditions. 

 

Sub-Objective 6: This study will use CBPP fly ash and biochar from pyrolysis; both 

alone and combined, as an amendment for soil used to grow cattle forage to determine 

if any of the metals present in the fly ash will be mobile in the soil and what effect the 

biochar will have on that mobility. Leachate will be collected from soil containing 

prescribed amounts of lime, fly ash, biochar and ash/biochar mix. Using the same soil 

mixtures cattle forage will be grown in pots. Leachate will be collected and analyzed 

(ICP-MS) for metals and at the end of the growing period the plant material will be 

collected and analyzed for metal content as well. If results from pot experiments are 

favourable a next step would be a field trial application of the fly ash and/or biochar.  

Procedure: 
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1) Leachate will be collected from soil containing prescribed amounts of lime, ash, 

biochar and ash/biochar mix.  

2) Using the same soil mixtures cattle forage will be grown in pots.  

3) Leachate will be collected and analyzed (ICP-MS) for metals and at the end of the 

growing period the plant material will be collected and analyzed for metal content 

as well.  

4) The results from each set of data will be compared to determine the effect of the 

ash and biochar amendments on heavy metal mobility in the soil. 

 

Timeline 

Time- 
frame 

2018-2019 2019-2020 

9 10 1
1 

12 1 2 3 4 5 6 7 8 9 1
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1

1 

1

2 

1 Collecti
on 

Assessment Reporti
ng 

                        

2       Research 
activity and 
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s and 
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ng 

                  

3             Research 
activity and 
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collection 

Data 
analysi
s and 
reporti

ng 

            

4                   Research 
activity and 

data collection 

Data 
collecti
on and 
analysi

s 

      

5                         Research activity, 
data collection and 
report writing 
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6                         Research activity, 
data collection and 
report writing 

 

Expected Outputs & Outcomes 

Outcome of this project will generate basic data and provide further insight about the 

wood ash’s liming capability and consistency over the time. Additional information on 

nutrient composition and heavy metals (CCME guidelines) in wood ash post combustion 

and their uptake in crops will be available. BC mixing with wood ash may immobilize 

(through adsorption and/or absorption) the heavy metals and reduce its uptake in crops. 

Preliminary results from this study will allow us to develop and carry out a 2-3-year field 

research trial to validate our initial results. These results will provide guidelines for the 

policy makers, provincial and federal departments, waste management authorities, and 

pulp and paper mills for preparing long term plan to make economically viable, 

sustainable and environmentally friendly waste management plans. Dairy farmers of the 

West Coast of Newfoundland could be potential beneficiaries as a result of the positive 

outcome of greenhouse study on wheat (which is being grown very successfully in the 

area) to meet the feeding requirements of dairy animals. Wood ash application on 

agricultural soils will provide the farmers an alternate and economical source of liming 

and organic fertilizers for crop production. At the same time, wood ash application to 

west coast agricultural lands will improve the soil fertility, health, reduce the cost of 

disposal and use of landfill and overall improve the economy of the farmers, and CBPPL 

industry and environmental situation in the province. Finally, the proposed work has the 

potential to develop a value-added byproduct (potting media) from the waste currently 

generated by CBPPL. This could be an additional potential source of revenue 

generation and an alternative disposal route for the sludge and ash currently produced 

by CBPPL. 

Knowledge Mobilization Plan 

Findings of this research will be presented in regional, national and international 

conferences/society meetings, federation of agriculture meetings, provincial department 

meetings and policy makers, WRWMA and CBPPL. Non-academic audience for this 

research would be the farmers of West Coast of Newfoundland, CBPPL and WRWMA. 
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Project 2: Composting Wood Waste 

 

Literature Review 

There have been attempts to compost paper mill sludge with wood waste materials with 

varying degree of success (Wysong 1976; Mick et al. 1982; Campbell et al. 1995; Dinel 

et al. 2004; Thyagarajan et al. 2010). Champagne et al. (2002) looked at optimizing 

composting of paper mill sludge and hardwood sawdust under optimum conditions. 

Alvarenga et al. (2015) compared the benefits versus limiting factors of using sewage 

sludge and compost as agricultural soil amendments. Jackson et al. (2000) studied the 

forestry application of composted pulp and paper mill sludge specific to a young pine 

plantation.  In this study done in infertile sandy soil in southern Tasmania one year after 

application of compost the increase in stem diameter of 3-year old radiata pine was 40 

to 66% greater depending on the application rates (20 to 60 MT/ha) compared to 

untreated plots. 

 

There have been attempts to remediate hydrocarbon-contaminated soils using different 

composts. Chiu et al. (2009) used spent mushroom compost for bioremediation. 

Malakahmad and Jaafar (2013) investigated bioremediation of oil sludge contaminated 

soils using refinery plant treatment sludge and succeeded in about 55% hydrocarbon 

removal. Adekunle (2011) had a success rate of 40 – 76% hydrocarbon removal using 

composted municipal wastes for bioremediation of soils contaminated with Nigerian 

petroleum products. 

 

Helmissari et al. (2007) and Farrell and Jones (2009) studied the effect of compost on 

remediation of heavy-metal contaminated soils. During a 10 year study using household 

compost and woodchips they were able to revegetate a heavy metal-polluted forest soil.  

Madejón et al. (2016) looked at improving the sustainability of contaminated site using 

compost. They have shown that applying compost in a trace-elements contaminated 

soil increased the quantity and quality of the woody products for energy production via 
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gasification.  This enhances the sustainability of the contaminated land as these lands 

are not suitable for food or feed production.  Shutcha et al. (2015) studied the effect of 

revegetation on a copper smelting site soil remediation.  They found a combined soil 

amendment of lime and compost was most effective in reclaiming of bare soil 

contaminated by trace elements from the mining industry in a tropical climate. 

Research Problem & Purpose 

Waste management is one of the biggest challenge faced by the industries.  The paper 

mill industry creates large amount of secondary sludge and woody material as waste 

products.  High nutrient and water content of the sludge makes them difficult to dispose 

or transport for processing (Ali and Sreekrishnan 2001).  Energy can be recovered from 

sludge if the sludge is dried (Busbin 1995).  At the paper mill in Corner Brook the sludge 

is dewatered by mechanical means and burnt with waste oil to recover energy and as a 

means of disposal.  The high water content of the sludge makes it less efficient as a 

way of recovering energy as fuel is needed to evaporate the water from the sludge and 

it produces ash which needs to be landfilled. 

 

An alternate way of utilizing the sludge is to co-compost the sludge with other waste 

products such as wood bark and saw dust.  There have been attempts to compost 

paper mill sludge with wood waste materials with varying degree of success (Wysong 

1976; Mick et al. 1982; Campbell et al. 1995; Dinel et al. 2004; Thyagarajan et al. 2010).  

Champagne et al., (2002) looked at optimizing composting of paper mill sludge and 

hardwood sawdust under optimum conditions.  Alvarenga et al., (2015) compared the 

benefits versus limiting factors of using sewage sludge and compost as agricultural soil 

amendments.  Jackson et al., (2000) studied the forestry application of composted pulp 

and paper mill sludge specific to a young pine plantation. 

 

The overall objective of this research is to determine the feasibility and effectiveness of 

composting paper pulp sludge with woody material to create a soil amendment for 

remediating hydrocarbon contaminated soil. This would inform efforts to commercialize 

a compost medium to utilize the paper pulp sludge for beneficial use so that while being 

environmentally responsible and reducing the cost for disposal, the mill can generate 

additional income.   

 

Research Questions/Hypotheses/Objectives 

The specific objectives of this research are: (i) to determine the nutrient and 

contaminant content of paper mill sludge, (ii) to test the effectiveness of sludge in co-

composting woody material, and (iii) to determine the effectiveness of sludge/compost 

to remediate hydrocarbon contaminated soil. 
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Methodology 

The detailed activities that will be performed on-site involve collection, processing of 

sample data from operations, including collection of ash and sludge samples and 

collecting of sensor data. All interns will have access to an office and lab space on-site 

to perform this work. Interns will have regular contact with CBPPL personnel regarding 

the data sampling and mill operations. 

Composite samples of sludge will be collected from mill and will be analyzed for nutrient 

and contaminant concentrations.  Laboratory studies will be conducted with varying 

levels of sludge and woody material for the potential to use sludge as amendment for 

co-composting.  Optimization of the composting parameters would be the next step (1 

year).  Laboratory studies also will be conducted to determine the effectiveness of 

sludge and compost on remediating hydrocarbon-contaminated soil (6 months).  

Statistical analyses will be done to find the best combination for the co-composting and 

remediation processes (6 months). 

 

Sub-Objective 1: 

1) Composite samples of sludge will be collected from mill and will be analyzed for 

nutrient   and contaminant concentrations (3 months) 

2) Laboratory studies will be conducted with varying levels of sludge and woody 

material for the potential to use sludge as amendment for co-composting (6 months).  

 3) Optimization of the composting parameters. (3 months).  

Sub-Objective 2: 

1) Laboratory studies will be conducted to determine the effectiveness of sludge and 

compost arising from Part 1 of the internship for remediating hydrocarbon-contaminated 

soil (6 months). 

 2) Optimization of bioremediation parameters (3 months) 

 3) Statistical analyses will be done to find the best combination for the co-composting 

and remediation processes (3 months). 

 

Timeline 

Sub- 

objective 

1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24 

1 Collectio

n 

Analysis Reportin

g 
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2           Optimization Reportin

g 

 

Expected Outputs & Outcomes 

The paper mill industry creates large amount secondary sludge and bark as waste 

material which must be disposed of.  At present they are mixed and burnt to recover 

energy but as the water content of the raw material is high, the energy recovery is less 

efficient, needs additional cost of oil and creates ash which needs to be landfilled.  And 

burning more carbon material is a concern contributing to climate change. 

In this research by converting the organic material through a constructive process such 

as composting, we retain carbon, will not produce ash and produce the compost which 

can be used by the agricultural, forestry, soil remediation and restoration industries.  By 

reducing the waste stream, the paper mill industry’s environmental record can be 

enhanced while looking for additional income and cut down on the cost of ash disposal. 

The province of Newfoundland and Labrador has an ambitious plan to expand the 

agricultural industry in the next 20 years, which would require large amount of organic 

matter and nutrient input to the farms and the paper mill industry can contribute by 

providing the organic material needed.   Whether the resulting compost material can be 

used in agricultural fields will be dependent on the level of contaminants found in the 

compost.  If the contaminant concentrations are too high for agricultural applications, 

then forestry applications can be considered.  Reforestation of the harvested areas is an 

important consideration for making the paper industry sustainable.  By recycling the 

organic material and nutrients, the sustainability of the industry will be enhanced 

The province of NL also has contaminated areas at mining locations which needs 

revegetation for remediation and restoration which would require considerable amount 

of organic matter input.  In specific cases of remediation of hydrocarbon-contaminated 

soils, the compost can be a valuable input to enhance bioremediation process.  The 

paper mill industry can contribute to the remediation industry by providing the organic 

material needed for such activity.  The compost also can be used to revegetate 

abandoned mining sites for soil restoration. 

To do composting on a larger scale, the paper mill has to invest in an in-vessel 

composting unit.  The Grenfell campus has an industrial grade composter, which has a 

short turnaround time of 21 days.   This composter is currently not in use because of 

financial constraints operating it.  The possibility of leasing this industrial composter unit 

to the mill can be considered which can be a win-win situation for both Grenfell Campus 

and the paper mill. 
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Based on the lab study, future long-term studies can be conducted in the field.  If the 

contaminant concentrations in the sludge and woody material are high for agricultural 

application, then forestry application or remediating contaminated sites can be 

considered.  These can be considered in the second phase.  

 

Knowledge Mobilization Plan 

Mitacs Final Report and Survey as well as contributions to the report. Adding Ally, the 

sub project will result in Master’s thesis, peer-reviewed publication, and conference 

presentation. 
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Project 3: Greenhouse based on waste heat  

 

Literature Review 

Methods for harvesting waste heat exhaust energy for reuse in industrial applications 

have been actively developed and refined in research on materials development (Hodes 

2010; Martins et al. 2011; Park et al. 2016; Said et al. 2016; Wang et al. 2018). Previous 

research has uncovered significant heating potential from the effluent disposed of by 

Corner Brook Pulp and Paper (CBPPL), as well as public receptivity to the idea of using 

this heat and other by-products to construct a greenhouse. The use of waste heat and 

other by-products – including wood ash and a biological sludge resulting from the 

pulping process – could represent major reductions in waste, greenhouse gas 

emissions, and disposal costs for CBPPL. Wood ash has potential to be used for soil 
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amendment due to its high nutrient content and liming properties (Saarsalmi et al. 2004; 

Demeyer et al. 2001; Kukier and Sumner 1996; Adekayode and Olojugba 2010; Naylor 

and Schmidt 1986). Biological sludge from pulp and paper production may also be a 

nutrient-rich amendment to support productivity. Subprojects 1 and 2 of this proposal 

aim to determine the suitability of these by-products for use in a growth medium for 

agricultural use. The use of these by-products, including waste heat from water outfall 

from CBPPL, has been found to have some traction among Corner Brook residents. A 

poll given at the Wonderful Fine Market in April 2017 identified a general interest in 

purchasing produce from greenhouse that utilized by-products from CBPPL, but also 

revealed some concerns about the safety of produce grown with the identified by-

products. 

Knowledge Gap 

Over 600,000 gallons of water at a temperature of 20-25° C is discharged as effluent by 

CBPPL into the Bay of Islands every day. This contains thermal energy equivalent to 

approximately 5,600 kWh that is wasted, totaling an annual energy resource that could 

power roughly 172 average Canadian households. Given the anticipated increases in 

electricity costs in NL expected from the Muskrat Falls hydro-electric project, there is a 

great need to take advantage of every available energy resource in communities. 

Research in materials development has developed and expanded on methods for 

industrial waste heat energy capture in applications such as the automotive industry 

(Hodes 2010; Martins et al. 2011; Park et al. 2016; Said et al. 2016; Wang et al. 2018), 

while pulp and paper mills elsewhere have used similar technologies to capture heat for 

greenhouse production. However, it is unclear whether these technologies will be 

sufficient for exploiting the heat resource in CBPPL water effluent. New technology may 

need to be developed, or existing technology adapted, to suit the specific requirements 

of the mill’s operations and optimize not only the capture but also the efficient use of 

said heat. 

Within the NL context, there is also a need to demonstrate integrated strategies for 

enhancing food security while drawing on regional strengths and resources. Provincial 

authorities and community leaders alike are searching for ways to improve food 

security, in keeping with the Our Way Forward provincial action plan’s target of doubling 

domestic food production to 20% of the province’s food needs, while improving crop 

yields and extending the growing season. Greenhouse agriculture is a long-standing 

tradition in Newfoundland, but there is are very few commercial greenhouses that 

produce food year-round for local markets. Given the high cost of inputs for greenhouse 

facilities (e.g. energy, growth inputs, etc.), there is a need to harness all available 

resources to offset production costs. The multiple waste streams from CBPPL’s 

operations provide a number of potentially valuable inputs for greenhouse agriculture in 
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western Newfoundland, including residual heat, ash, and sludge. However, the 

availability of the heat resource is currently unknown, as is the safety of the ash and 

sludge by-products, which have potentially valuable soil amendment properties but must 

first be tested by the first two projects in this proposal. Furthermore, there are no 

commercial greenhouses in western Newfoundland that use soil (there is currently one 

hydroponic greenhouse facility in Stephenville), providing an opportunity for developing 

soil-based agricultural production in a year-round facility to produce for the local market. 

Research Problem & Purpose 

Food security is a major challenge for communities across NL. Only about 10% of the 

province’s food supply is produced locally (Government of NL 2016), and 74% of 

residents eat less than five servings of fruits and vegetables per day, contributing to 

overweightness or obesity in 68.8% of residents (Community Accounts n.d.). Corner 

Brook is no exception to these trends, while also being one of the only urban 

municipalities in NL with a declining population (Statistics Canada 2016). CBPPL, one 

of the western Newfoundland region’s historic economic drivers, has recently struggled 

with declining international newsprint prices, new import tariffs from the United States, 

and internal costs related to waste disposal, for which management is currently seeking 

solutions (Government of NL 2016). CBPPL is interested in offsetting disposal costs for 

by-products such as wood ash, while finding innovative and sustainable new product 

opportunities for potential diversification. The mill is also interested in exploring energy 

capture opportunities, which could help provide a sustainable source of energy to offset 

the provincial energy demand of 2,000 MW, only 55 MW of which are currently being 

met through renewable energy (Government of NL n.d.; NL Hydro n.d.). 

The proposed project will examine the potential to use by-products from CBPPL in a 

greenhouse facility for commercial and/or research purposes. One potential option for 

utilizing this waste is to heat a greenhouse facility that could support experiments 

related to the other subprojects noted above and potentially, in the future, could be used 

to grow produce for the local market. Exploration of greenhouse project options will 

focus on three by-products, including waste heat, wood ash, and a sludge derivative of 

the pulping process (discussed above). Combined in a greenhouse facility, there is 

potential for the re-use of these resources to considerably reduce the waste stream of 

CBPPL and related costs, while delivering positive social and environmental impacts to 

Corner Brook and the wider western Newfoundland region. This project will thus 

conduct a feasibility study to determine the heat resource and examine the physical and 

economic feasibility of constructing a greenhouse facility for commercial and/or 

research purposes. 

Research Questions/Hypotheses/Objectives 
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Research questions: 

1.    How much of the total waste energy resource available in water effluent from 

CBPPL can be recovered? 

2.    What kind of greenhouse design would maximize the use of the heat 

resource? 

3.    What is the engineering, regulatory, and economic feasibility of developing a 

commercial greenhouse to use this heat resource and ash and sludge by-

products? 

  

To answer these questions, this project will carry out the following objectives: 

1.   Assess available heat energy from CBPPL water outfall. 

2.   Assess potential for greenhouse production utilizing heat energy in this 

particular setting, including technological, financial, legislative, and human 

resource needs of the project and potential ongoing research opportunities 

related to these findings, based on different scenarios (e.g. commercial 

production, experimental use, etc.) 

3.   Conduct a business case analysis for the greenhouse in a scenario of 

commercial production of produce for the western Newfoundland market and 

construct a greenhouse based on the business model developed. 

  

Methodology 

  

Phase 1: Review of Existing Technologies 

● Review existing technologies using literature and site visits to commercial 

greenhouses that use waste heat capture technology as well as commercial 

greenhouses in western Newfoundland: 

● Tour of similar facilities (e.g. Resolute greenhouse facility in Saint-Felicien, QC) 

and commercial greenhouse facilities in NL (e.g. the Organic Farm in Portugal 

Cove-St. Philip’s, Growing For Life in Black Duck Siding) to observe facility 

layout, technology, labour requirements, and production process; desk research 

of other similar greenhouse facilities (collection of case studies/reports) 

● Collection of relevant documents such as federal and provincial regulations, 

bylaws, zoning requirements, funding programs and incentives, etc. 

● Identification of legislative, financial, human resources, land, and technical 

requirements, including appropriate technologies and materials required for the 

construction and maintenance of a greenhouse utilizing said systems, such as 

heat recovery systems suitable for CBPPL’s current outfall system. 
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● Identification of industry standards for crop yields for potential crops (e.g. 

tomatoes, peppers, cucumbers, microgreens, herbs, greens) and recommended 

greenhouse conditions (e.g. temperature, lighting, humidity) from available 

industry resources and literature 

Phase 2: Engineering Design 

1.    Determine the available heat that can be captured from the total heat resource in 

water outfall 

● The first step in this subproject is to assess the available heat energy from the 

CBPPL mill. Researchers will work with CBPPL engineering staff and supervisors 

to quantify waste heat from outfall and estimate expected energy potential, 

including both outflow and temperature data.  Waste heat from outfall will be 

monitored for daily and monthly fluctuations to determine suitability for heat 

capture in all seasons. Preliminary work has been carried out on this using 

numbers available from discussions with CBPPL managers Darren Pelley and 

Mike Lacey, demonstrating preliminary feasible quantity of heat energy available 

for harvesting. Once the available heat resource has been quantified, remaining 

electricity and heat needs will be estimated for a greenhouse of a suitable size 

and specifications to rely mostly on the available waste heat.  

2.    Develop a prototype greenhouse model to test potential technologies for waste heat 

capture 

A.   A cement floor will be built through which piped warm water, as a proxy for 

the mill’s outflow water, will be diverted, to make use of the temperature 

differential to heat the greenhouse passively. For the tubing, a leak-resistant, 

non-toxic, high temperature, flexible piping called cross-linked polyethylene 

(PEX) will be used. PEX is a durable tubing that does not become brittle over 

time and is not affected by aggressive concrete additives or water conditions. 

Existing software [REF_LOOP] for designing the layout of the piping and the 

insulating base and edges, will be purchased and used to accelerate this design 

phase. 

B.   The proper heat load will be calculated to determine factors such as size and 

total length of PEX tubing needed, insulation type and thickness, etc. 

C. A PEX tubing layout will be made – this is essential regardless of the size and 

will be carried out for the scale model and for the full-scale version greenhouses, 

using established software (ref with link below). 

D.   All materials will be calculated in advance, and plans made for any plumbing 

supply or drainage piping which may interfere with PEX tubing layout. 

https://www.pexuniverse.com/content/installing-pex-tubing-concrete-slabs#inst_pt_cs_1
https://www.pexuniverse.com/content/installing-pex-tubing-concrete-slabs#inst_pt_cs_1
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● The ambient temperature of the cement floor will be controlled to mimic 

the conditions of Corner Brook’s soil in different seasons 

● Different designs of the prototype will be developed to maximize the 

degree to which the greenhouse heat capture system can utilize the heat 

resource, which will be measured. 

● The next step will be to add thermoelectric (TE) devices to the walls of the 

channels in the cement floor that will capture and store energy based on 

the temperature differential between the warm water and the cement floor 

(Seebeck effect) 

● The stored energy will be used to power some of the LED lighting and 

sensors in the greenhouse (as well as mechanical equipment such as 

irrigation pumps) 

● Different strategies of TE devices will be tested to determine the best 

thermoelectric device design (the main development that will take place 

and the biggest knowledge gap) and the optimal location and spatial 

frequency of these devices that maximize the total efficiency 

● If it is demonstrated that this approach could successfully be used towards 

offsetting heating and electrical energy requirements of the greenhouse, a 

scale model prototype will be developed that integrates both the piped 

cement floor and the TE to both passively and actively heat the prototype 

greenhouse, and to power lighting and mechanical components 

● This prototyping and iteration will be accelerated and supported by the 

Makerspace currently under development at Grenfell Campus, in which 

there will not only be fabrication tools, expertise, and many of the relevant 

components available, but also programming around energy and 

agriculture 

  

3. For the tubing, a leak-resistant, non-toxic, high temperature, flexible piping called 

cross-linked polyethylene (PEX) will be used. PEX is a durable tubing that does not 

become brittle over time and is not affected by aggressive concrete additives or water 

conditions. 

1. The proper heat load will be calculated to determine factors such as size and 

total length of PEX tubing needed, insulation type and thickness, etc. 

2. A PEX tubing layout will be made – this is essential regardless of the size, and 

will be carried out for the scale model and for the full scale version greenhouses, 

using established software (ref with link below). 

3. All materials will be calculated in advance, and plans made for any plumbing 

supply or drainage piping which may interfere with PEX tubing layout. 

Figure A: Example of PEX floor piping 

https://www.pexuniverse.com/content/installing-pex-tubing-concrete-slabs#inst_pt_cs_1
https://www.pexuniverse.com/content/installing-pex-tubing-concrete-slabs#inst_pt_cs_1
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Phase 3: Business case analysis and 

construction 

1. Design of full-scale greenhouse and 

construction/operation costs under various 

scenarios 

● Identification and assessment of various 

greenhouse facility scenarios, including the 

use of the greenhouse for commercial crop 

production, the use of the greenhouse for 

experimental purposes only (e.g. study of soil 

remediation process, soil amendment), and 

other relevant variables such as greenhouse 

site selection, technology inputs, by-product 

material streams to be utilized from CBPPL, 

and other variables. This will also involve development, testing, and 

demonstration of the use of thermoelectric generator devices to harvest the 

waste heat energy in the exhaust water and store it as electrical energy to be 

used towards powering lighting, sensor, and water pump electrical needs of the 

greenhouse. Scale-models will be used to quantify efficiency and cost savings of 

such energy harvesting. 

● Identification of most appropriate layout and technological specifications for 

greenhouse based on heat resource, greenhouse research, and site visits 

● Design of greenhouse facility under various scenarios (e.g. small, medium, and 

large scale; year-round vs. seasonal, labour inputs, etc.) 

● Development of checklist of regulatory requirements (federal, provincial, 

municipal) with instructions for meeting each set of requirements for greenhouse 

production 

● Development of cost estimates for growth media from Project 1 as a commercial 

product (e.g. potting soil) 

● Determination of full costs for facility construction and operations (labour, 

additional energy, insurance, growth inputs, etc.) for the first 3 years under 

various scenarios 

  

  

2. Market analysis and construction 

  

Finally, the project will gauge the economic viability of commercial greenhouse 

production for the western Newfoundland market. This analysis will focus on identifying 

potential produce crops that could be grown in the greenhouse (based on Subproject 1 
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results) and validating these products in light of the characteristics of the produce 

market in Corner Brook and the surrounding area and potential consumer demand for 

these products. Using results from the business case analysis, a working full-scale 

greenhouse will be constructed using the most appropriate materials and technology. 

The business case analysis will be conducted using the following methods: 

● Survey of Corner Brook/Humber region residents to determine existing demand 

for produce capable of being produced in the greenhouse 

○ Products most in demand 

○ Customer willingness to pay (WTP) for said products 

○ Concerns about greenhouse production adjacent to mill/using mill by-

products 

○ Characteristics of products that are desired by customers (e.g. freshness, 

nutrient content, organic certified, colour, taste, etc.) 

○ Preferred purchasing outlets (e.g. grocery stores, farmers’ markets, at the 

gate, etc.) 

● Focus groups (3) within the region (Corner Brook, Deer Lake, Stephenville) to 

gather qualitative public input on market demand 

● Collection of feasibility studies/business plans on similar greenhouse facilities to 

gauge costs 

● Interviews with produce distributors/retailers in the region to determine desired 

products and attributes 

● Analysis of focus group/survey findings on customer demand/WTP, comparison 

to current market prices, other variables 

○ Identification of most appropriate customer segments 

○ Identification of most appropriate product portfolios given findings from 

objectives 1-3 

○ Preparation of production scenarios given various facility scale, labour, 

growth input, product portfolio conditions 

○ Identification of most appropriate distribution channels 

○ Determination of projected revenues under various scale, product 

portfolio, and distribution scenarios 

● Preparation of preliminary business plan with costs and revenues for the first 

three years 

● Procurement of materials required for greenhouse 

● Construction of greenhouse 

 

Timeline 

Year 2018-2019 2019-2020 2020-2021 
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Semester F W S F W S F W S 

Phase 1 Lit. review, site 

visits 

              

Phase 2 Prototyping             

Phase 3     Full-scale design/cost 

estimate 

        

      Market analysis/business 

plan 
      

          Greenhouse construction 

 

Expected Outputs & Outcomes 

Deliverables: 

1.      Feasibility analysis: Existing technologies and materials for the greenhouse will 

be identified and cost-estimated, including heat recovery systems suitable for CBPPL’s 

current outfall system. Similar facilities in the province, and potentially elsewhere, will be 

visited to observe their layout and gather any information that can be obtained. Full cost 

estimates will be calculated for various scenarios, reporting fixed and variable costs and 

potential cost savings for CBPPL and projected revenues. All necessary resources will 

be gauged, including technical, legislative, financial, human resources, land, and other 

support as required. 

2.      Business case analysis: Initial market validation conducted by the project team at 

the Wonderful Fine Market in April 2017 identified some concerns from residents about 

the safety of produce grown with the identified byproducts. After testing is completed, 

the receptivity of the local market to greenhouse products will be tested through the 

identification of target customer segments and 2-3 focus groups with target customers. 

Additional data will be collected such as desired products, price points, and potential 

distribution channels (a potential purchasing agreement with Coleman’s is currently 

being explored). 
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Anticipated Benefits: 

•   Avoided greenhouse gas emissions from provision of a sustainable energy 

source 

•   Elimination of potential negative ecological effects of warm water discharge 

into the Bay of Islands 

•   Cost savings for CBPPL (from ash disposal, oil consumption), contributing to 

longevity of the mill 

•   Local job creation with suitability for labour market of Humber Valley region 

•   Provision of affordable and locally grown fresh produce to local area 

•   Support of regional innovation by fostering cross-sector connections 

(forestry, agriculture, energy) 

  

Knowledge Mobilization Plan 

The findings from this project will be presented in a final proposal feasibility 

report/preliminary business plan. The report will: 

·         Outline 2-3 potential alternatives for the use of waste heat, including potential 

economic benefits and costs, barriers, required technical, legislatives and other 

supports for each 

·         Provide recommendations for further research or other steps needed to further 

assess and/or develop the most viable alternative(s) based on this initial assessment  

This report will be shared with the project partners, funding agencies, municipal and 

provincial government partners in relevant departments (Corner Brook Planning 

Department and Sustainable Development Division, NL Forestry & Agrifoods Agency, 

etc.). The report will also be distributed to local entrepreneurs. Opportunities for 

submission to academic journals will also be explored, targeting journals in applied 

energy and agricultural fields. 
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