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Abstract

This paper examines the relationship between access to finance and innovation in Canada’s
food processing sector. The paper uses a recent survey of innovations in food manufacturing
in Canada. We find that firms with access to finance for innovation, that received government
supports, large, spend large money on innovation activities are more likely to introduce inno-
vations, The results have implications for policies targeted at enhancing R&D and innovation
in food processing sector
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Why Food Manufacturing?
GDP & Jobs
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https://www.cfa-fca.ca/wp-content/uploads/2018/06/AAFC-Tom-Rosser_Economic-importance-of-the-Agriculture-and-Agri-Food-Sector.pdf

Why Food Manufacturing?

Contribution to Manufacturing

Employment Revenue
Year 2001 2010 2019 2001 2010 2019
Food processing 12% 15% 16% 11% 16% 15%
Beverage 2% 2% 3% 2% 2% 2%
Petroleum l% 1% 1% 6% 13% 11%
Transportation
equipment 12% 11% 13% 23% 16% 19%

Source: Statistics Canada

@ One of the largest manufacturing industries.
@ Processes 70% of the food Canadians buy.
o Very resilient during the Great Recession/pandemic.
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@ Innovation: introduction of new or improved products, processes,
organization structures, marketing systems.

e Financial constraints: Difficulty in accessing external finance for
investment or growth.
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Economic Growth and Innovation

@ The growth rate of output:

© Rate of growth of the technology
@ Replication of existing technologies (Schultz 1956, 1962)

@ Expansion in capital
e Expansion in labour force (population growth)

@ Substantial productivity improvements for the crops and livestock
sectors in Canada (Gray and Weseen, 2007; Veeman and Gray, 2009).
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Considerable Inter-decile Productivity Dispersion for Food

Manufacturing and its Sub-sectors
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Considerable Inter-decile Productivity Dispersion for Food

Manufacturing and its Sub-sectors

Year 300 3000 3112 3113 3114 3115 3116 3117 3118 3119
2000 3.16 483 565 403 483 600 405 211 240 334
2001 331 471 562 410 472 6.16 406 193 258 3.59
2002 320 451 631 364 484 561 354 165 230 318
2003 320 467 630 383 471 576 345 177 238 283
2004 341 489 575 413 456 587 333 234 288 337

6l  3.03 339
39 313 318
25 306 3.22
23 3.01 2098
35 3.09 299
24 319 279
33 315 271
15 292 313

2005 344 500 555 417 465 573 337
2006 3.51 496 538 466 475 586 3.34
2007 353 509 543 407 480 561 359
2008 342 445 6.03 400 486 574 3.66
2000 341 433 593 362 479 584 372
2010 3,50 468 552 365 488 556 405
2011 349 473 556 362 513 581 4.01
Average 346 476 583 409 494 587 58]

Note: 3111= Animal food manufacturing; 3112= Grain and oilseed milling; 3113=Sugar and confectionery product

L i S S
t

manufacturing; 3114=Fruit and vegetable preserving and specialty food manufacturing; 3115=Dairy product manu-
facturing; 3116=Meat product manufacturing: 3117=Seafood product preparation and packaging: 3118=Bakeries and
tortilla manufacturing; 3119=0ther food manufacturing.
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What Explains Heterogeneity in Productivity?

Internal factors External Factors
@ Managerial practices/talent © Productivity spillovers
@ Quality of labour and capital @ Competition/Darwinian
© IT and R&D selection (both intra-market and

i : th h trad
© Learning-by-doing RVOUIg ra e).
© Product innovation © Regulatory environment

. .. Input market flexibilit
@ Firm structure decisions Q lnp ¥

Syverson (2011)
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Endogenous Economic Growth and Innovation - Creative

Destruction

@ Value of innovation

Rent
~ interest (1)
@ Growth will mainly come from new entrants (Aghion and Howitt,
1992)
Rent
= (2)

interest + prob(new > 0)
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Industrial (Innovation) Policy

@ In Aghion and Howitt (1992), growth rate is the product of spillover
effect (Romer, 1986) and business stealing effect (Tirole 1988) W\&S

(x\“ AL
Splllover effect x Business stealing \ (/)(\J \%:y,
[M_w wo‘mh 61)7°4U(3n b N QW v \l\ W“
4 (3)
rm s '”afﬁvf faonts AN S

o Rationale for subsidies: The private sector does not internalize the
social benefits of innovation.
@ Social planners care about how much spillover is created

o If spillover () is too little, society should spend less on R&D.
o If spillover () is too much, society should spend more on R&D.
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The Barton Report - Advisory Council on Economic

Growth - 2017

@ Dominic Barton of the Advisory Committee on Economic Growth
identified agriculture and agri-food as a key growth sector.

@ Unlocking innovation to drive productivity and help new companies
scale up more rapidly
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Innovation is key in the policy frameworks

Agricultural Policy Framework (2003-2008)

e Focus: science and innovation

o Outcome: improve competitiveness and profitability
Growing Forward: (2008-2013)

e Focus: innovation

e Outcome: ensure productivity, profitability, competitiveness
Growing Forward 2: (2013-2018)

e Focus: innovation

e Outcome: long-term profitability and competitiveness
Canadian Agricultural Partnership (2018-2023)

o Focus: science, research and innovation
e Outcome: increase competitiveness, productivity, profitability
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Gross domestic expenditures on research and development
on total science by funder and performer sector (x
1,000,000,000)
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https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2710027301

Government and Business Share of Gross Domestic

Expenditures on R& D
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Source: Statistics Canada
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Gross domestic spending on R&D, Total, % of GDP, 1981

- 2020
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https://data.oecd.org/rd/gross-domestic-spending-on-r-d.htm

Modigliani-Miller (1959, 1961, 1963) Proposition

e Firm'’s financing policy is irrelevant.

o The choice between retained earnings and new share issues as sources
of investment finance is irrelevant

o Debt policy irrelevant (iy = rt)

e The value of a firm is unaffected by how that firm is financed.

@ Financial and production decisions are independent
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Modigliani-Miller (1959, 1961, 1963) Proposition

Assumes an efficient financial market, absence of
@ taxes,
@ bankruptcy/distress costs,
@ agency costs and

@ asymmetric information
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Modigliani and Miller Approach: Propositions with Taxes

The Trade-Off Theory of Leverage

@ Debt financing less attractive in the presence of bankruptcy costs (-)

@ Debt financing is more attractive in the presence of tax advantages
(+)

Getu Hailu (UoG)
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A Financial " Pecking Order” (Myers and Majluf 1984)

@ Hierarchy of costs associated with different sources of investment
finance.

e internal funds,
o debt and
e new equity.

@ The firm's financial policy may play a key role in the investment
decision - i.e., financial and investment decisions are dependent
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Market Failure for R&D

@ Asymmetric information problems
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Literature - Agricultural Innovation

@ Hybrid Corn: An Exploration in the Economics of Technological
Change (Griliches, 1957).
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Literature - Food Processing Innovation

@ Advanced Technology in the Canadian Food Processing Industry
(Baldwin, West, and Sabourin, 1999).

@ The Nature and Extent of Innovation in the Canadian Food
Processing Industry (Bonti-Ankomah, 2006).

@ Understanding the financing of innovation and commercialization
(Herath, Cranfield, and Henson, 2010).
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Financing of Innovation

@ R&D is susceptible to financing constraints (Brown, Martinsson, and
Petersen, 2012).

@ The diffusion® of new innovation requires significant financial
commitments.

2Diffusion refers to the process or rate of technology spread)
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Literature - Firm Size and Finance

e Small firms are more financially constrained (Gopinath et al., 2017).
@ Young firms are more financially constrained (Dinlersoz et al., 2019).

@ R&D grants have strong effects on financially constrained small and
young (startup) firms (Howell 2017).

@ R&D grants crowd out private investment or allocate funds
inefficiently (Lerner, 2009).
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Financing Innovation in Food Processing

@ How effectiveness are R&D investment and government grants?
@ To what extent food firms suffer from financial constraints?

@ Does access to external finance matter for food firms?
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@ Innovation in the Food Processing Industry Survey 2018.
@ Food Manufacturing with at least one employee and one million
dollars in revenue
@ The data were collected through an electronic questionnaire (Feb 27 -
June 3, 2019)
@ 2,217 food processing establishment 74.5% response rate)
@ Four Categories of innovation.
e Process
e Product
e Organization
o Marketing
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Food & Beverage Innovation Taxonomy

food safety and preservation,
food quality,

convenience,

nutritional value,

food materials,

health

productivity /production costs,

packaging
plant-based
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Food Science Students Creating Two New U of G Hot
Sauces -
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https://news.uoguelph.ca/2021/07/food-science-students-creating-two-new-u-of-g-hot-sauces/

New product introductions of consumer packaged goods, 1998-2020

The number of new food and beverage products saw substantial decreases
followed by proportional rebounds in 2010 and 2016, and had a relatively smooth
decline between 2016 and 2019 before increasing slightly in 2020
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Source: Prepared by USDA, Economic Research Service, using data from Mintel's
Global New Product Database (Mintel GNPD).

Data as of May 2021.
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Adoption of Innovation by Type
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Prevalence of innovation by size (%)

Size Product Process Mrkt Org No

<100 Employees 36.9 45.2 48.4 44 .4 29.1
100-249 Employees 445 58.6 45.1 52.3 23.6
250+ Employees 54.5 64.3 54.6 58.5 23.2
Total 39.2 48.4 48.3 46.5 27.9
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Prevalence of innovation by industry (%)

Industry Product  Process  Mrkt Org No

Animal Food Manufacturing (24.7 37.0 42.4 33.6 41.4}
Grain and Oilseed Milling 29.4 57.4 49.1 51.7 21.2
Sugar and Confectionary r51.5 59.1 66.6 59.1 12.0‘
Fruit and vegetable \ 535 684 526 530 132
Dairy Product M 53.1 57.4 48.7 lw
Animal Slaughtering 18.6 39.3 36.6 29.4 46.1
Rendering and Meat Processing 43.3 49.9 46.5 44.8 31.3
Poultry Processing \ 29.7 331 33.1 38.8 44.2\
Seafood Product \ 173 413 266 305 436
Bakeries and Tortilla 42.7 447 543 50.3 25.0
Other Food Manufacturing 48.2 54.7 51.8 55.7 20.7
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Prevalence of innovation by region (%)

Region Product  Process  Mrkt Org No
Atlantic 23.4 39.3 325 315 44.1
Quebec 42.0 48.8 50.5 47.9 26.4ﬁ
( ontario 429 511 488 486 257 |
Prairies 24.8 47.2 47.7 42.5 315
Alberta 35.4 46.8 53.6 47.7 27.6
BC and Territories 43.9 48.0 50.8 49.6 23.9

Getu Hailu (UoG)

November 4, 2021

36 /54



Innovation expenditure as a share of total expenditure (%)

Employees None upto1% 2% to5% 6% to 10% 11% or more

<100 28.8 31.1 27.1 8.3 4.7
100-249 25.2 28.2 31.8 8.3 6.5
250+ 20.6 29.9 33.3 9.4 6.8
Total 27.8 30.6 28.2 8.4 5.1
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Establishments reporting high impact of obstacles to

innovation, (fiscal years 2016 to 2018)

Obstacles Innovating non-innovating
Shortages of skilled workers 43.5 23.3
~Lack of internally generated cash flow 34.6 17.1
Long gestation period of innovation 26.5 51
Insufficient flexibility in regulations 21.9 11.9
> Lack of external equity funding 21.1 9.6
¥ Lack of debt financing 17.4 8.3
Lack of idea champions 12.1 6.9
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Establishments that used government programs to help

mitigate specific obstacles to innovation, (fiscal years 2016
to 2018

Obstacles %
X Lack of internally generated cash flow 33.0
Shortages of skilled workers 23.6
a€Lack of external equity funding 16.0
oF Lack of debt financing 13.9
Long gestation period of innovation 11.7
Lack of marketing capability 11.7
Insufficient flexibility in regulations/policies 8.7
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Establishments reporting high impact of obstacles to

innovation, (fiscal years 2016 to 2018) (%)

Obstacles: Lack of ...  Product or process Non-innovating
Innovating

Internal cash flow 34.6 17.1

External equity funding 21.1 9.6

Debt financing 17.4 8.3
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Use of government programs to support innovation

activities by size (fiscal years 2016 to 2018)) (%)

Employment size class %
<100 Employees 21.1
100-249 Employees 38.4
250+ Employees 45.5
Total 25.2
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Importance of government support to innovation by

source, (fiscal years 2016 to 2018) (%)

Sources of support High Low NA
R&D tax incentives 53.1 29.1 17.8
Government R&D grants 46.4 28.8 24.8
Government financing support 427 28.7 28.6
Training and hiring programs 354 344 302
Government research facilities 27.3 387 339
Other government programs 27.3 326 40.1
Export development assistance 263 329 40.8
Government procurement 123 39.8 479
Incubator & accelerator programs 121 385 494

Getu Hailu (UoG)
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Main source of capital raised, (fiscal years 2016 to 2018)

(%)

Source of financing %

Banks, cooperatives and credit unions 35.8
Government sources 23.5
Canadian based venture capital 10.5
Other 8.6
Angel investors, family or friends 4.1
Other foreign based venture capital 2.4

Getu Hailu (UoG) November 4, 2021 43 /54



Reasons for refusing or limiting funding for innovation by

lender, (fiscal years 2016 to 2018), (fiscal years 2016 to
2018) (%)

Reasons %
Failed to meet lending criteria 9.4
Other 6.3
Capital not available due to market conditions 6.1
Further development or proof of concept required 55
Lender does not fund development projects 3.8
Lack of long term strategic planning 1.8
Lack of evidence to support projections 1.8
Lack of marketing analysis 1.6
Lack of intellectual property 0.5
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Establishments that attempted to raise capital specifically

for innovation by size, (fiscal years 2016 to 2018) (%)

Employment size class Attempt to Raise Successful in Raising
<100 Employees 11.9 58.0
100-249 Employees 13.2 71.5
2504 Employees 115 81.5
Total 12.0 61.6
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Estimation Strategy

e Probit

/)ﬂb(/nnov:azt/ﬁo + BuFin + BoR&D + B3Gov + X'B + 6, + 0s +¢ | (4)

@ where

e Innov := introduction of innovation (0/1)

o Fin := financial constraints (0/1)

e Gov := Government support (0/1)

e X:= size, export, labour, competition, spending, province, sector (0/1)

@ Multivariate Probit

e Joint decisions and complementarity
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Average Marginal Effects of the Probit Model

Dependent Vanebles

Process  Product Org'l Market Any
Finance 0.126***  0.0751  0.136"* 0.191*** 0.209***
Export 0.018 0.086*  0.017 0.00627  0.020
R & D 0.046 0.153*** 0.0832**  0.0288  0.098***
Gov't 0.115***  0.068**  0.078**  -0.0106 0.096***
Small -0.121** -0.097** -0.100** -0.0704 0.00568
Medium -0.061  -0.109**  -0.079  -0.106* 0.020

Spending

Up to 1% 0.200***  0.226™** 0.162*** 0.253*** 0.211***
2% to 5% 0.348***  0.309*** 0.296™** 0.389*** 0.371***
6% to 10% 0.450***  0.392***  0.362*** 0.415*** 0.472***
11% or more  0.629***  0.404*** 0.396*** 0.413*** 0.401***
Observations 1558 1556 1551 1556 1540

Note: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Multivariate Probit - Joint Decisions

Correlation matrix
Process Product Orgaization Marketing

Process 1.00 0.486™*  0.522*** 0.391***
(10.42) (12.08) (8.11)

Product 1.00 0.336*** 0.335%**
(6.57) (6.47)

Organizational 1.00 0.637***

(13.02)
Marketing 1.00
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Process Innovations and the Probability of Cost Savings

Dep-Var: (ost Savwg (1) (2) (3) (4)
"Improved Methods \/ 0.0829* 0.109**
(1.68) (2.20)
Improved Logistics 0.0314 0.0164
(0.73) (0.38)
Maintenance Systems 0.105*  0.120***
(2.55) (2.87)
Government Support  0.0766*  0.0773*  0.0725*  0.0655
(1.75) (1.77) (1.68) (1.52)
Small -0.185"* -0.186*** -0.181** -0.175**
(-2.70) (-2.70) (-2.58)  (-2.50)
Medium -0.0806  -0.0865 -0.0869 -0.0746
(-1.04) (-1.11) (-1.11)  (-0.95)

Observations 759 759 759 759

t statistics in parentheses
* p<0.10, ** p<0.05 *** p<0.01
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Summary of Key Findings

72% the firms adopted at least one type of innovation.
Access to finance
R&D investment

Government support/grant

Smaller firms
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Business & Policy Implications

@ Better understanding of cross-sectional heterogeneity in adoption.
@ The identification of potential adopters of innovation allow targeted
interventions.
e Access to finance, firm size, spending on innovation, R&D
@ The importance of government subsidy programs.
e support the project
e convey positive information to investors
@ Age- and size-based subsidies or R&D support.

@ Challenge to uncover causal effects and mechanisms that enhance
innovation.
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What is next

@ Link the innovation data to business data.

@ Strengthen the role University-Government partnership plays

e Both parties, the Government and the University get value out of the
partnership.

Engage passionate people in building a successful partnership.
Government funding uncertainty.

Basic research and applied research.

Joint webinar throughout the year.

Identify data gap and improve access to public data.
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