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Abstract: Medium-sized Enterprises (MEs) are a limited number of Small and Medium-sized Enter-
prises (SMEs) in EU-28 countries, but they contribute greatly to value added and employment. They
are also key to pursuing sustainable local development in terms of green economic growth. Because
trade credit is a crucial financial source for SMEs, this article investigates the importance of trade
credit for Italian MEs, and particularly for ‘green’ MEs, rather than ‘non-green’ MEs. A panel analysis
is applied to 101,250 observations over the period 2010–2019. We find that green MEs rely more on
trade credit than non-green MEs. Moreover, trade credit is more important for younger, smaller, less
profitable, and less liquid MEs. We further show that a substitution effect between trade and banking
credit exists, and that the local development level affects the demand for trade credit. Our results
demonstrate that trade credit supports sustainable development more than banking credit. Financial
intermediaries should therefore include green parameters in the assessment of the creditworthiness
of MEs, and policymakers should consider that trade credit and financial inclusion may be important
in pursuing sustainable local development and economic growth.

Keywords: account payable and receivable; green economy; firm age; industry in the strict sense;
local development; medium enterprise (ME); trade credit

1. Introduction

The concept of sustainable development was introduced at the beginning of the
1980s [1], and was resumed and deepened by the United Nations in the second part of
the 1980s [2]. According to the World Commission on Environment and Development
(WCED), sustainable development is “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”. It was
further explored in the UK at the end of decade [3]. After the adoption of Agenda 21 (in
1992, at the Rio United Nations Conference on Environment and Development—UNCED)
central and local governments started to adopt some kinds of regulations preventing en-
vironmental/ecological degradation [4,5]. However, it was after the 2008 crisis that the
debate focused on a ‘Global Green New Deal’ [6] as a program that aimed to stimulate
economic recovery, and at the same time improve the sustainability of the world economy
(reducing carbon dependency, protecting ecosystems and water resources, and alleviating
poverty). In the following years, authorities and academics proposed different notions
of the green economy [7,8], and in recent years, EU policy has placed great emphasis
on the green economy. The EU’s vision [9,10] relies on economic aspects (resource effi-
ciency, together with sustainable consumption and production patterns), environmental
components (the preservation of natural capital, investments in natural resources, and
climate change mitigation policies), and social policies (human well-being, decent jobs, the
reduction of inequalities, and tackling poverty) [2]. The EU defines the ‘green economy’ as
an “economy that can secure growth and development, while at the same time improving
human well-being, providing decent jobs, reducing inequalities, tackling poverty and
preserving the natural capital upon which we all depend” (European Commission ‘Rio +
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20: towards the green economic and better performance’, Communication 2011). Empirical
investigations in the EU have showed that the green economy can effectively create new
sources of growth, providing solutions to environmental problems [11–13]. However, the
green economy has complex impacts on local development: even in case of industries
which seem to take an immediate and direct advantage of green economy policies (such
as tourism and agriculture), on closer analysis, a positive impact is possible only when
the local economic and government bodies are involved in the change towards the green
economy [14–18]. These difficulties increase when sustainability is evaluated according to a
multi-dimensional approach (as in the case of the EU definition, which relies on economic,
environmental, and social dimensions), as recognized in the literature [19]. In this context,
although local governments and bodies play a marginal role in designing the framework
of green regulation, they are crucial to manage the transition and facilitate the successful
implementation of the green economy in terms of local development [20,21]. The transition
to the green economy is rarely based on pure win–win solutions: in the context of the labor
market, for example, the green economy poses a delicate integration problem not so much
for high skilled workers, who seem to be favored by green transition [22], but rather for low
skilled workers, people with disabilities, and informal workers [23–25]. Therefore, local
authorities are expected to take steps to remove and prevent the negative consequences
connected with the transition whilst also promoting negotiations and dialogue between
local stakeholders with different priorities, which may help in achieving a balance between
commercial, technological, environmental, and social interests [26–28]. The integration
of green policies with local economic development strategies is a challenging task, and it
requires—at the local level—a comprehensive approach (clear vision, strong leadership,
industry strategy, investments in infrastructures, partnership establishment, and commu-
nity engagement) in order to maximize the potential of the green economy and ensure
effectiveness [29]. Greening the economy will have great impacts on many economic indus-
tries (agriculture, transport, extractive industries, manufacturing, construction, services,
etc.) which are extensively present at local levels as Small and Medium-sized Enterprises
(SMEs). SMEs are crucial for most national economies in the EU-28: they account for more
than 99.8% of all businesses, and generate more than 56% of value added and about 66.6%
of employment. Within this group of companies, Medium-sized Enterprises (MEs) form
a limited number (0.9% of all businesses), but they generate 18% of the value added and
16.8% of the employment [3]. Micro SMEs account for 93% of all enterprises, Small SMEs
account for 5.9%, Medium-sized account for 0.9%, and Large Enterprises account for 0.2%.
Taking value added into consideration, Micro SMEs account for 20.8%, Small SMEs account
for 17.6%, and Medium-sized 18% and Large Enterprises account for 43.6%. Micro SMEs
generate 29.7% of employment, Small SMEs generate 20.1%, Medium-sized SMEs generate
16.8%, and Large Enterprises generate 33.4% [30]. In Italy, the shares of employment and
value added generated by SMEs are particularly high (78.1% and 66.9%, respectively)
compared to the EU average. MEs account for 12.5% of employment (compared with 16.8%
in the EU-28), while the share of value-added is similar (17.9% vs. 18% for the EU-28) [30].
Considering the importance of SMEs for the EU-28, their contribution is vital both for
the success of the green economy objectives (according to the EU definition) and for the
implementation of new local development policies based on economic transformation and
sustainable growth. However, SMEs often face difficulties in accessing bank finance and
financial markets, and this may weaken their ability to contribute to sustainable develop-
ment, unless bank and financial credit are substituted by trade credit, which is one of the
main sources of finance for SMEs.

The present study therefore aims to investigate the relationships between trade credit
and the orientation to green, environmentally-friendly production by Italian manufacturing
firms. We focus, in particular, on MEs for four main reasons. First and foremost, there have
so far been few studies on MEs and the importance of trade credit as a financial source.
Second, because SMEs and MEs are particularly important in Italy: in Italy, MEs account
for 18% of the total value added and 16.8% of the employment (see above), and trade



Sustainability 2021, 13, 2872 3 of 19

credit in Italy is more important than in many other European countries [31]; the present
work will therefore concentrate on Italian manufacturing firms. Third, because MEs are
widely believed to have easier access to bank and financial credit than smaller firms, we
aim to verify whether MEs using sustainable forms of production rely on trade credit to a
greater or lesser degree than other firms. Fourth, because trade credit consists of accounts
payable and receivable, we aim to verify whether these two accounts depend on each other,
and on the respective amounts in the previous year, particularly in the case of green MEs
compared with non-green MEs.

The rest of the paper is structured as follows. Section 2 presents a literature review.
Section 3 describes the sample, the studied variables, their descriptive statistics, and the
methodology we used in the analysis. Section 4 presents our results, and Sections 5 and 6
discuss and conclude.

2. Literature Review

The literature on trade credit shows that its relationship with bank credit is complex.
Superficially, it may appear that trade credit is a substitute for bank credit, because it
is mainly requested by companies with poor access to bank credit. The substitution of
trade credit for bank credit appears to be more prevalent in contexts of monetary tighten-
ing [32–39] and during a financial crisis [40]. This theory has, however, been challenged:
empirical studies [41,42] in the US have found no support for it, while other studies [43,44]
demonstrate that trade credit is substituted for bank credit in the US for firms without
access to open-market funds. Research suggests that supplier companies could have a
competitive advantage over the banks in the exploitation of informal means that guarantee
the repayment of the loan. This competitive advantage may reflect better and/or less
expensive information on the financial situation of client firms [45–47], monitoring advan-
tages [48–51], and product market imperfections [52]. The competitive advantage could be
particularly big for small, young, and opaque firms [53,54], or those operating in countries
with poorly-developed financial institutions [43]. While borrowers are likely to view bank
and trade credit as substitutes, firms with greater access to bank credit can redistribute
it to their (financially weaker) clients in the form of trade credit [40,55–62]. Trade credit
can thus be viewed as being complementary to financing from financial intermediaries,
who lend to suppliers who in turn relend to their clients [63]. Still on the complementarity
hypothesis, certain studies [64,65] have demonstrated large differences across industries in
trade credit terms but little variation within industries across time, so that trade credit can
be considered as a component of a long-term portfolio management strategy [49], a tool for
the consolidation of relationships with clients due to the product quality guarantee [66],
for price discrimination [46,67–70], and to increase firms’ profitability [71]. Trade credit has
also been considered as a useful instrument for the provision of liquidity to the economy
by limiting the default costs of buying companies [72]. Other studies demonstrate that
firms facing variable demand make more use of trade credit than companies that have
stable demand [68]. A growing body of literature shows how the presence of a robust
local financial system has positive effects on the development of a network of SMEs [73,74].
The development of local banks stimulates product innovation, stimulates investments in
research and development [75], reduces financial constraints [76], and eventually increases
the use of debt [77]. Furthermore, the structure of local banking systems affects the avail-
ability of credit [46,78]. The substitution/complementarity relationship between trade and
banking credit has been analyzed more specifically with particular reference to the level
of the local banking system development. The findings vary: in Europe, the substitution
theory seems to be demonstrated [79], while in Italy [80], a positive correlation between
local bank development and the provision of trade credit has been confirmed. Trade credit
can be used both to finance purchases (accounts payable) and clients (accounts receivable),
such that other studies [81] investigated the impact of transaction costs and operational
conditions on trade credit. Studies investigating the relationship between accounts payable
and receivable concluded that the matching hypothesis (trade debt is influenced by the
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trade credit policy) is verified [82,83]. Other empirical research on European SMEs [59]
demonstrated the existence of a substantial match between the maturity of short-term
assets and liabilities, although accounts payable appeared to be positively correlated, and
accounts receivable negatively correlated, with sales growth. Empirical research on UK
firms [84] found a strong positive correlation between inventory/total assets, accounts
receivable/total assets, and accounts payable/total assets. A more recent analysis on Italian
SMEs [85] in the period 2005–2012 concluded that, although there is evidence of a substitu-
tion effect between trade and bank credit, the accounts payable in one year depend on those
of the previous year, and that the accounts receivable are positively related to accounts
payable. In other words, operational conditions, transaction costs, and firms’ business
environments influence the demand and supply of trade credit [86]. This may be because
the transactional component, which characterizes trade credit in addition to the financial
component, and which facilitates the exchange of goods, accounts for the time invariant
aspects of trade credit within industries and a high heterogeneity across industries, par-
ticularly in cases of monetary tightening [87,88]. Some studies examined the relationship
between trade credit and company growth, and found that where there is an absence [70] or
shortage [89] of bank loans for a given liquidity requirement, an increase in production will
require an increase of trade credit. Other studies [43] found that industries which use more
trade credit grow faster in countries with poorly developed financial systems, and that
companies facing a liquidity shortage try to overcome the problem by taking more trade
credit [90]. An analysis [91] on 600,000 firms (mainly SMEs) in eight Euro-area countries,
with some heterogeneity in their financial systems, in the period 1993–2008, verified that
firm growth depends on trade credit. Although the analysis demonstrated that Euro-area
firms use trade credit to finance growth, in countries where the supply of bank loans or
debt securities is larger, the sensitivity of firm growth to trade credit tends to be smaller.
Moreover, focusing on the firms themselves, trade credit seems to be particularly important
for firms which are more vulnerable to financial market imperfections, such as young or
small firms. For three main reasons, the present study is based on the assumption that the
sum of accounts payable and accounts receivable impacts heavily on firm performance.
First, because firms can manage both their accounts payable and accounts receivable to
optimize performance. Second, because both types of trade credit are an indication of how
much of the firm’s operations are shielded from developments in the financial system.
Third, because there is an interaction between the financial market and trade credit. Firms
may have a contract with a financial intermediary to finance a portion of their accounts
receivable so that the firm’s account receivables do not affect the firm’s working capital.
In this way, the financial intermediary indirectly finances the firm’s customers, while the
firm pays the monitoring costs and default risk. The importance of trade credit in the
different stages of the business life cycle of SMEs has been analyzed, assuming the existence
of a linear or non-linear relationship between firm-age, as a proxy of the life cycle firm
stage and trade credit. A linear relationship implies a positive or negative relationship
between the size of the trade credit and the firm’s age. A linear approach implies a single
sign (positive or negative) explaining the importance of trade credit throughout the life
of the firm. A positive relationship might imply that older firms have maintained lasting
relationships with their suppliers [92], and thus have easier access to trade credit than
younger companies [46]. In turn, suppliers could be interested in consolidating business
relations with their clients whilst maintaining their own business and future sales [93,94].
A negative relationship, on the other hand, could be explained by asymmetric information
financial theory [95] or the pecking order theory [96]. In asymmetric information financial
theory, a firm’s age is considered a proxy of the firm’s financial transparency [97,98] and
reputation [99]. A negative relationship implies that trade credit is more important for
younger than older firms, because younger firms have not yet acquired a sufficient level
of reputation, credit worthiness, or transparency [100–102]. According to the pecking
order theory, firms prefer to use retained earnings, followed by debt (from the cheapest to
most expensive), and finally equity. This implies that younger firms may lack the capacity
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to generate enough earnings and therefore use more trade credit [103] than older firms,
which have a greater capacity to generate internal resources and better access to financial
debt [104]. Non-linear relationship occurs when trade credit varies over the life cycle [105].

Empirical analysis has produced non-conclusive results. Studies finding a negative
linear relation have been carried out in the UK [92,100], Finland [106], emerging coun-
tries [107], Japan [102], Italy [80], Portugal–Spain [108], and Spain [103]. Studies finding a
positive linear relation have been carried out in the USA [94], Japan [109], and the EU [93].
Lastly, two other studies found no relationship between trade credit and firm age: the first
on Swedish firms [110], and the second on EU firms [111]. Other studies finding evidence of
non-linear relationship have been carried out in the USA [46,112] and the EU [59,105,113].

The relationship between firm age and trade credit depends on the sector, which is
extremely important in the financial decisions of SMEs [114]. The use of trade credit varies
significantly across industries, but the variations are small within each industry [115,116].
A recent analysis [117] focusing on manufacturing SMEs operating in 12 EU countries in the
period 2008–2014 demonstrated both a negative and a significant non-linear relationship
between firm age and trade credit. As such, although younger firms rely more heavily
on trade credit, it also plays a key role for older firms, which may reflect a preference
towards older SMEs due a relationship of trust built up by suppliers over the years. The
impact of trade credit on a variable representing the ‘sustainable growth of the firm’ (long-
term profitability and lasting competitiveness without exhausting the firm’s financial
resources) has been investigated recently [118] on a sample of Chinese A-share private
listed companies from 2003 to 2017. The findings were that trade credit plays an important
role in accelerating the search for sustainable growth, particularly for firms with a higher
level of internal control quality, and that in areas with a lower (higher) financial competition,
the contribution of trade credit to the sustainable growth of the firm is stronger (weaker).
This confirmed previous findings [43,91].

As such, previous studies agree overall that SMEs have less access to bank credit and
financial markets. Because of the insufficient regulation, knowledge, and implementation
of sustainability criteria by SMEs, this limitation could be more serious in the case of new
types of sustainable green and environmental production. Trade credit for SMEs could, in
fact, play a major role in supplying finance for new types of production, and could be a tool
for the consolidation of relationships with clients. Trade credit could play an important role
in product quality guarantees, which are particularly important for innovative products.

The following research questions were formulated:

1. Do green Italian manufacturing MEs rely more heavily on trade credit than bank and
financial credit compared to other MEs?

2. Are green and ecological Italian manufacturing MEs characterized by a different
importance of payable and receivable accounts? Do payable and receivable accounts
depend on each other?

3. Is there a relationship between the importance of payable and receivable trade credit
and the size/age of the firm, distinguishing between green and non-green firms?

3. Materials and Methods
3.1. Sample and Data

The main sources of data were the AIDA (Analisi Informatizzata Delle Aziende
italiane) Bureau Van Dijk database, containing all of the financial and governance data of
Italian SMEs, and ISTAT (Istituto Nazionale di Statistica), the Italian National Institute of
Statistics, a public research organisation, which is the main producer of official statistics in
the service of citizens and policy-makers.

Our sample includes enterprises belonging to “industry in the strict sense”: a com-
monly used expression by ISTAT (see, for example, the ISTAT Annual report 2020 [119]). It
refers to manufacturing sectors, excluding construction. In the Classification of Economic
Activity used by ISTAT (ATECO 2007 code) ‘industry in the strict sense’ corresponds to
Sections B–E. Section B is ‘Extraction of minerals from quarries and mines’, Section C is
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‘Manufacturing activities’, and Sections D and E refer to ‘Supply of electricity, gas, steam
and air conditioning’ and ‘Supply of water: sewer networks, activities of waste manage-
ment and remediation’. All of the firms in our sample belong to ‘industry in the strict
sense’, and are Medium Enterprises (MEs). According to the European Commission (EC)
definition, an ME has between 50 and 250 employees, between a 10 million and 50 million
euro annual turnover, and from a 10 million to a 43 million euro balance sheet total. The
final sample included 10,125 Italian MEs.

We carried out a panel analysis with 101,250 observations, of which 3920 refer to firms
belonging to the ‘green’ sector, during the period 2010–2019. The concept of the ‘green
economy’ [120] is perceived as a pathway to sustainability by international organizations
such as The World Bank [121], the United Nations Environment Programme [7], and
the European Commission [9]. The green economy focuses on resource efficiency and
natural capital as the pillars of the economy. An inclusive green economy is associated with
economic growth, human development, and opportunities for people (to improve the living
environments and jobs) and for businesses (to increase benefits through more efficient
production practices that generate savings). A study by the Politecnico di Milano and
Camera di Commercio di Milano [122] identified specific ‘green’ sectors on the basis of these
concepts. Consistently with the mentioned study, here, we selected green sectors among
those in ‘industry in the strict sense’ using the following ATECO 2007 codes (see also [122]):

• Collection, reuse, recycling of waste: codes 38.11.00, 38.12.00, 38.21.01, 38.21.09,
38.22.00, 38.31.10, 38.32.10, 38.32.20, 38.32.30 e 39.00.01;

• Efficiency of water systems: code 36.00.00;
• Planning, reclamation and rehabilitation of the territory: code 30.00.09;
• Waste water treatment: code 37.00.00;
• Energy storage: code 27.20.00.

Most of the companies included in the sample were old companies. Consistently
with the previous literature [123–125], we classified as young firms those up to 5 years
old, as mature firms those from 6 to 10 years old, and as old firms those over 10 years old.
Panels A and B of Table 1 present the sample distribution by the type of sector (i.e., green
or non-green) and age, respectively.

Table 1. Observations by the type of sector and firm age.

Panel A: Observations by type of firm sector

Type of Sector No. of Observations % of Total

Green 3920 3.87
Non-green 97,330 96.13

Total 101,250 100

Panel B: Observations by firm age

Age No. of bservations % of Total

Young 4080 4.03
Mature 7120 7.03

Old 90,050 88.94
Total 101,250 100

3.2. Variables and Descriptive Statistics

In line with previous literature e.g., [46,59,117,126,127], the dependent variable is
‘Trade credit’, defined as the ratio of trade payable to total assets. We observed the use of
trade credit during the firm’s life cycle by considering, among the independent variables,
‘Age’, which is the number of years of a firm’s activity. In particular, the logarithm of (1+
age) was used. The regression was also tested using dummy variables related to firm age,
and the results did not change. Following previous studies, we also considered a set of
control variables, including firm ‘Size’ (i.e., the logarithm of the total assets); ‘Profitability’,
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which is the ratio of earnings before interest, taxes, depreciation and amortization (EBITDA)
to total assets; ‘Liquidity’ (i.e., the ratio of operating cash flow to total assets); trade credit
in the previous year (‘Trade creditt−1’), which is the ratio of trade payable to the total
assets of the previous year; and ‘Accounts receivable’ (i.e., the ratio of trade receivable to
total assets). In order to verify whether a potential substitution effect between trade and
bank credit exists, we considered ‘Short-term bank credit’ and ‘Long-term bank credit’,
measured as the ratio of short-term debts to total assets and the ratio of long-term debts
to total assets, respectively. We also studied the potential link between local development
and trade credit. We thus included the following variables observed at the regional level:
Gross Domestic Product (’GDP’) (i.e., the logarithm of the GDP), ‘Employment rate’ (i.e.,
the ratio between the number of people employed and the population aged 15 or over),
and educational level (i.e., a dummy variable—’low educational level’ or ‘high educational
level’—referring to the educational qualification of the population). Finally, we considered
the surface area (the logarithm) of the region of Italy where the headquarters of each firm
is located. Table 2 shows the descriptive statistics for these variables.

Table 2. Descriptive statistics.

Variables Mean Median Std.Dev. Min. Max

Trade credit 0.237 0.208 0.215 0.000 0.998
Age 31.413 31.000 17.455 0.000 146.000
Size 9.803 9.802 0.939 1.927 15.517

Profitability 0.079 0.075 0.112 −1.772 0.988
Liquidity 0.053 0.055 0.161 −7.552 5.917

Trade creditt−1 0.239 0.210 0.213 0.000 0.975
Account receivable 0.253 0.245 0.183 0.000 0.958

Short-term bank credit 0.126 0.085 0.134 0.000 0.999
Long-term bank credit 0.074 0.040 0.096 0.000 0.988

GDP 193,733.661 148,227.200 122,949.810 4625.600 390,461.000
Employment rate 0.633 0.649 0.067 0.389 0.713

Area 20,177.451 22,444.542 5285.339 3260.855 25,832.545

Table 3 presents the correlations between all of the variables used in the analysis. We
also ran a test of variance inflation factors: VIFs (Table 4). No explanatory variables show
VIF values above 10; thus, multicollinearity is not a concern in our models [128].

Table 3. Correlation coefficient matrix.

Variables Trade
Credit Age Size Profitability Liquidity Trade

Creditt−1

Account
Receiv-

able

Short-
Term
Bank

Credit

Long-
Term
Bank

Credit
GDP Employment

Rate Area

Trade credit 1.000
Age −0.131 * 1.000
Size −0.278 * 0.142 * 1.000

Profitability −0.147 * −0.031 * 0.005 * 1.000
Liquidity −0.064 * −0.001 0.026 * 0.208 * 1.000

Trade
creditt−1

0.789 * −0.152 * −0.296 * −0.051 * 0.028 * 1.000
Account

receivable 0.277 * −0.093 * −0.256 * 0.079 * 0.013 0.299 * 1.000
Short-term
bank credit −0.115 * −0.009 −0.061 * −0.091 * −0.007 * 0.099 * −0.039 * 1.000
Long-term
bank credit 0.019 * 0.002 −0.023 * −0.024 * −0.001 0.011 * −0.005 * 0.092 * 1.000

GDP −0.037 * 0.093 * 0.024 * 0.016 * 0.012 * −0.035 * −0.032 * −0.016 * −0.012 * 1.000
Employment

rate −0.043 * 0.083 * 0.017 * 0.031 * 0.012 * −0.048 * −0.077 * −0.022 * −0.001 0.349 * 1.000
Area −0.031 * 0.090 * 0.014 * 0.020 * 0.018 * −0.031 * −0.012 −0.019 * −0.009 * 0.625 * 0.288 * 1.000

Notes: * indicates significance at the 5% level.
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Table 4. VIF test.

Variable VIF 1/VIF

Employment rate 6.33 0.158
GDP 2.78 0.360
Area 1.73 0.579

Trade creditt−1 1.20 0.834
Account receivable 1.16 0.870

Size 1.15 0.870
Profitability 1.07 0.934

Age 1.05 0.952
Liquidity 1.05 0.953

Short-term bank credit 1.03 0.968
Long-term bank credit 1.01 0.991

3.3. Methodology

We followed a panel data approach in order to answer our research questions. The
equation model included the variables described in Section 3.2, and additional time dum-
mies as control variables:

Trade creditit = β0 + β1Age + β2Size + β3Profitability + β4Liquidity
+ β5Trade creditt−1 + β6Account receivable + β7Short-term bank credit
+ β8Long-term bank credit + β9GDP + β10Employement rate + β11Area

+ β12Educational level dummies + Year dummies + µit + εit

(1)

where i is the firm, and t is the time period, µi represents the firm-specific effects, and εit
represents the measurement errors.

Equation (1) was estimated using estimators of fixed and random effects in order to
take the individual effects into account (µi), with clustered standard errors at the firm level.
The Hausman test was performed in order to ascertain whether the individual effects are
fixed or random. If the null hypothesis is rejected, a correlation between the independent
variables and the individual unobservable effects does not exist, and the random effects
model is considered a good estimator. We used the Hausman test to differentiate between
a fixed effects model and a random effects model. The Hausman statistic was calculated
from the following formula:

H = (β RE − β FE)′ Var β RE − Var β FE − 1 (β RE − β FE), (2)

where β RE and β FE are the vectors of the coefficient estimates for the random and fixed
effect models, respectively. This statistic is χ2 (k) distributed under the null hypothesis.
The degrees of freedom k equal the number of factors. The Hausman test results (13.11,
p > 0.05) suggest that random effect models are appropriate for our dataset. The tables
below, therefore, show only the results of the estimation with a random effect model.

4. Results

Table 5 reports the first results of the analysis. Model 1 includes only the following
control variables: age, size, profitability, liquidity, trade credit in the previous year, and
accounts receivable. Model 2 adds short-term and long-term bank credit into the equation
in order to assess the potential replacement effect of trade credit over bank debt. Model
3 adds GDP, employment rate, educational levels and the area of the region where the
headquarters of each ME is located.
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Table 5. Results of the analysis: overall sample.

Variables Model 1 Model 2 Model 3

Constant 0.259 ***
(0.000)

0.189 ***
(0.000)

0.199 ***
(0.000)

Age −0.008 ***
(0.000)

−0.006***
(0.000)

−0.006 ***
(0.000)

Size −0.017 ***
(0.000)

−0.013 ***
(0.000)

−0.012 ***
(0.000)

Profitability −0.190 ***
(0.000)

−0.177 ***
(0.000)

−0.178 ***
(0.000)

Liquidity −0.020 ***
(0.000)

−0.023 ***
(0.000)

−0.0243 ***
(0.000)

Trade credit−1
0.691 ***
(0.000)

0.727 ***
(0.000)

0.735 ***
(0.000)

Account receivable 0.091 ***
(0.000)

0.102 ***
(0.000)

0.099 ***
(0.000)

Short-term bank credit −0.0246 ***
(0.000)

−0.025 ***
(0.000)

Long-term bank credit 0.004
(0.314)

0.004
(0.375)

GDP −1.12 × 10−7 ***
(0.000)

Employment rate −0.040 **
(0.041)

Area −2.40 × 10−7

(0.145)

High educational level 0.098
(0.133)

Year dummies included included Included

Wald χ2

R squared
67,607.10 ***

0.500
67,439.61 ***

0.650
63,492.81 ***

0.645
Notes: * p-value < 0.1, ** p-value < 0.05, *** p-value < 0.01. The robust standard errors are in parentheses.

The results show a negative relationship between age and trade credit, and this effect is
statistically significant at the 1% level in all three models. Younger firms, probably because
of difficulty accessing bank credit, tend to use more trade credit. This negative effect may
be strengthened by the early formation of the manufacturer–supplier relationship. Figure 1
illustrates trade credit as a function of age in our sample. The linear approximation clearly
shows that the relationship is negative. Figure 1 shows that, in the mature stages of the
life cycle of MEs, the sign of the relationship between trade credit and age ceases to be
negative, and trade credit still plays a central role, but to a slightly lesser extent than in
the earlier stages. Suppliers grant trade credit to older SMEs easily due to a relationship of
trust built up over the years.

Size, profitability, and liquidity present a negative relation with trade credit, which
shows that smaller MEs, and MEs with lower EBITDA and operational cash flows use more
supplier financing.

In Models 2 and 3, the results indicate that firms use more trade credit when they
have difficulties in accessing short-term debt, showing that trade credit and bank credit are
potentially substitute financing resources. GDP and employment rate present a negative
relationship with trade credit, showing that a relationship between local development and
trade credit exists. Finally, we found a positive relationship between trade credit in the
previous year, and accounts receivable and trade credit. Accounts payable and accounts
receivable thus appear to depend on each other. We therefore investigated the determinants
of accounts receivable. Table 6 shows that younger and smaller MEs grant less credit to
their customers. On the other hand, MEs with higher EBITDA and operational cash flows
grant more client credit.
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Figure 1. The relationship between firm age and trade credit: overall sample.

Table 6. Determinants of account receivable: overall sample.

Variables

Constant 0.321 ***
(0.000)

Age −0.008 ***
(0.000)

Size −0.002 *
(0.007)

Profitability 0.090 ***
(0.000)

Liquidity 0.002 *
(0.006)

Year dummies included

Wald χ2

R squared
534.19 ***

0.016
Notes: * p-value < 0.1, ** p-value < 0.05, *** p-value < 0.01. The robust standard errors are in parentheses.

The present work aimed to investigate the existence of a significant relationship be-
tween trade credit and green Italian medium-sized enterprises (MEs). In order to delve into
the relationship between green MEs and trade credit compared to other MEs, we carried
out an analysis considering green and non-green MEs separately. First, Table 7 presents the
descriptive statistics for green and non-green MEs, and the significant differences according
to a t-test. The unpaired t method tested the null hypothesis that the population means
related to two independent samples from an approximately normal distribution are equal.
Assuming equal variances, the test statistic is calculated as:

t =
x1 − x2√

s2
(

1
n1 + 1

n1

) (3)

where x bar 1 and x bar 2 are the sample means, s2 is the pooled sample variance, n1 and n2
are the sample sizes, and t is a Student t quantile with n1 + n2 − 2 degrees of freedom.

Tables 8 and 9 show the results of the three models applied to the sub-samples of
green and non-green firms, respectively.
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Table 7. Descriptive statistics for the green and non-green MEs.

Green MEs Non-Green MEs

Variables Mean Std.Dev. Mean Std.Dev. t-Test

Trade credit 0.241 0.183 0.235 0.215 1.660 *
Age 23.112 13.610 31.414 17.458 −29.416 ***
Size 9.993 1.300 9.803 0.934 11.319 ***

Profitability 0.080 0.089 0.080 0.112 0.202
Liquidity 0.025 1.856 0.561 0.345 −3.596 ***

Trade creditt−1 0.246 0.183 0.239 0.214 1.789 *
Account receivable 0.302 0.244 0.251 0.180 17.088 ***

Short-term bank credit 0.152 0.235 0.136 0.246 3.591 ***
Long-term bank credit 0.074 0.094 0.077 0.150 −1.122

GDP 145,599.8 108,989.4 193,765.1 122,953.2 −22.908 ***
Employment rate 0.580 0.102 0.633 0.067 −47.669 ***

Area 18,779.67 6079.32 20,178.15 5284.98 −16.148 ***

Notes: * p-value < 0.1; ** p-value < 0.05; *** p-value < 0.01.

Table 8. Results of the analysis: green MEs.

Variables Model 1 Model 2 Model 3

Constant 0.066 **
(0.005)

0.069 **
(0.005)

0.007
(0.850)

Age −0.002
(0.574)

−0.001
(0.958)

0.001
(0.744)

Size −0.003
(0.113)

−0.003
(0.108)

−0.002
(0.368)

Profitability −0.207 ***
(0.000)

−0.222 ***
(0.000)

−0.215 ***
(0.000)

Liquidity −0.004 ***
(0.000)

−0.004 ***
(0.000)

−0.004 ***
(0.000)

Trade credit−1
0.702 ***
(0.000)

0.691 ***
(0.000)

0.707 ***
(0.000)

Account receivable 0.156 ***
(0.000)

0.158 ***
(0.000)

0.159 ***
(0.000)

Short-term bank credit −0.041 ***
(0.000)

−0.040 ***
(0.000)

Long-term bank credit 0.005
(0.814)

0.006
(0.788)

GDP 2.00 × 10−7

(0.116)

Employment rate 0.120 *
(0.089)

Area −4.54 × 10−7

(0.365)

High educational level −0.176
(0.485)

Year dummies included included Included

Wald χ2

R squared
5798.52 ***

0.782
4779.90 ***

0.767
4835.27
0.765

Notes: * p-value < 0.1; ** p-value < 0.05; *** p-value < 0.01. The robust standard errors are shown in brackets.

We found that both the green and non-green MEs sub-samples show a negative
relationship between profitability and liquidity and trade credit. In Models 2 and 3, the
results indicate that green Italian manufacturing MEs rely on trade credit more heavily
than on bank and financial credit compared to other MEs. The coefficient of short-term
bank credit is, in fact, higher in the case of green companies. This is an important result
because it implies that trade debt supports sustainable development.
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We found a positive relationship between trade creditt−1 and accounts receivable, and
trade credit for green and non-green companies, but the coefficients of the variables show
that green Italian manufacturing MEs are characterized by the higher importance of payable
and receivable accounts. Age and size present a significant negative relationship with trade
credit only for non-green MEs. Figure 2 shows the relationship of trade credit as a function
of age in our two sub-samples, and the higher level of trade credit for green companies.

Table 9. Results of the analysis: non-green MEs.

Variables Model 1 Model 2 Model 3

Constant 0.270 ***
(0.000)

0.185 ***
(0.000)

0.181 ***
(0.000)

Age −0.008 ***
(0.000)

−0.005 ***
(0.000)

−0.005 ***
(0.000)

Size −0.018 ***
(0.000)

−0.013 ***
(0.000)

−0.011 ***
(0.000)

Profitability −0.156 ***
(0.000)

−0.103 ***
(0.000)

−0.055 ***
(0.000)

Liquidity −0.055 ***
(0.000)

−0.098 ***
(0.000)

−0.149 ***
(0.000)

Trade credit−1
0.694 ***
(0.000)

0.755 ***
(0.000)

0.776 ***
(0.000)

Account receivable 0.084 ***
(0.000)

0.086 ***
(0.000)

0.080 ***
(0.000)

Short-term bank credit −0.026 ***
(0.000)

−0.026 ***
(0.000)

Long-term bank credit 0.003
(0.340)

0.004
(0.344)

GDP −1.12 × 10−7 ***
(0.000)

Employment rate −0.037 *
(0.057)

Area −2.51 × 10−7

(0.117)

High educational level 0.073
(0.249)

Year dummies included included Included

Wald χ2

R squared
64,780.23 ***

0.493
71,033.54 ***

0.658
69,544.03 ***

0.660

Notes: * p-value < 0.1; ** p-value < 0.05; *** p-value < 0.01. The robust standard errors are shown in brackets.

Figure 2. The relationship between firm age and trade credit: green and non-green firms.
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5. Discussion

This paper examined the propensity of green MEs compared to non-green MEs to-
wards trade credit compared to bank credit. Because of their dimensions, MEs are supposed
to have more access to financial and bank credit than smaller firms, such that the difference
between green and non-green MEs could be assumed to be of little relevance. In addition,
according to the complementary hypothesis [63], MEs could borrow from financial interme-
diaries and lend to their clients through trade credit. In this case, the matching hypothesis
should be rejected, because the amount of accounts payable should be much lower than
the amount corresponding to the accounts receivable.

In order to avoid misleading results based on the heterogeneity of companies, in terms
of the variability of trade credit in different company life stages, it focuses on manufacturing
companies.

The results show that green and non-green Italian manufacturing MEs rely consider-
ably on trade credit. Size, profitability, and liquidity conditions matter: trade credit tends
to be more important for smaller, less profitable, and less liquid MEs. These results are
consistent with the previous results reported for SMEs. MEs, in fact, use trade credit to
finance their growth [89,101], and when high liquidity is available, they resort to trade
credit less often [40].

Moreover, our results demonstrate that MEs tend to rely on trade credit when bank
credit is less available, which confirms the substitution effect between trade and bank-
ing/financial credit previously identified for SMEs [111,113].

The existence of a negative relationship between trade credit and GDP, and between
trade credit and the employment rate, shows that the level of local development, as well as
local financial development conditions, makes an importance difference to the demand for
trade credit. The matching hypothesis previously verified for SMEs was also verified for
MEs, particularly for bigger and older MEs (younger and smaller MEs tend to lend less
trade credit to their clients than that received from suppliers). The existence of a positive
relationship between trade credit in one year and in the previous year was also verified,
directly in case of accounts payable, and—following the hypothesis of matching—also for
account receivables.

Like previous studies [100,102,108], we can also confirm the existence of a negative
relationship between firm age and trade credit among Italian manufacturing MEs. This
relationship, however, ceases to be negative in the mature stages due to the consolidation
of business relations between suppliers and their clients.

These results were verified for green and non-green MEs in the sample, but the
separate analysis of green and non-green MEs yields two important results:

1. Green MEs rely more on trade credit than non-green MEs. They offer more trade
credit to their clients (the coefficient of ‘accounts receivable’ is much higher for green
MEs than for non-green MEs). Green MEs receive more trade credit than non-green
MEs (‘accounts payable’ in year t is the dependent variable of the equation, the
coefficient of ‘accounts payable’ in the previous year (t−1) is positive, the coefficient
of ‘short-term bank credit’ is negative, and both are higher for green MEs than for
non-green MEs).

2. Age and size tend to be more important for non-green companies than for green
companies: the negative relationship with trade credit is statistically significant for
the non-green segment. This could mean that green MEs tend to rely on trade credit
more stably and regardless of the stage of the company’s life cycle.

6. Conclusions

Our results strongly suggest that trade credit is a much more important financial
source for green than for non-green firms. This may be because the characteristics of green
manufacturing processes are better known and understood by companies in the same
industry. External financial intermediaries may be insufficiently regulated, and may be less
well-informed about transparent criteria. The results show that trade credit supports sus-
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tainable development, and can thus help firms to improve their reputation, signaling firm
quality (i.e., firms pursuing sustainable objectives) and facilitating access to banking credit
for firms with high agency costs [129]. In order to increase the component of bank/financial
credit for green companies and thus improve their financial inclusion, two possible steps
can be outlined. On the one hand, financial intermediaries should include more specific
green parameters in the assessment of the creditworthiness of MEs, and should take the
entire supply chain’s value into account. On the other hand, green enterprises should
inform financial intermediaries of their particular characteristics more clearly due to the
specific nature of the sector, as is also demonstrated by the greater importance of on-the-job
training in supporting green human capital, rather than previous work experience and
formal education [63]. Both steps are useful objects of future research, but they recall the
importance of promoting a dialogue between different actors (companies and financial
intermediaries) about the contents and the implications of the green economy for local
development policies. Our results seem to suggest that, particularly in case of green com-
panies, trade credit is a useful instrument for providing liquidity, particularly by stronger
in favor of weaker firms (bigger, more profitable, and older MEs tend to offer more trade
credit to their clients than that received, while smaller, less profitable, and younger MEs
tend to rely more on trade credit to finance purchases than clients) [130]. To the extent that
green manufacturing processes are better known and evaluated by companies belonging
to the same industry, trade credit could be considered much more than a component of
financial risk management policy; rather, it could be a tool for consolidating strategic
long-term relationships with clients and suppliers. In this context, managers (both of
the supplier and the client companies) should pay attention to the development of an
effective trade credit policy (and correspondent processes) [131], properly formalized in
terms of customer assessment and credit worthiness methodologies, terms and conditions
(even from a legal standpoint), regular monitoring procedures (to prevent and manage
delinquent accounts), and the periodical evaluation of the importance of trade credit to
the value of the relationship. Finally, this study presents three main limitations. First, it
concentrated on Italian manufacturing MEs; second, it relied on a specific definition of
the green economy according to the above-mentioned study [122]; and third, most of the
companies considered were aged over 10 years. Therefore, as future research, it would
be of interest, first, to consider other industries (such as services, agriculture, alternative
energies), and different sizes of business (such as small and large companies) and countries
(distinguishing between Western European and Eastern European countries); second, the
analysis could be further developed, taking into consideration the ways in which a different
notion of green sectors (analyzing separately the single sub-components that define the
definition of the green economy used in this study) could impact on the local development;
and third, a different age of companies could be considered, in order to better examine the
relationship between the firm’s life cycle and bank/trade credit in the green economy.
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