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Abstract. This study investigates the green technology licensing strategies of firms with corporate
social responsibility (CSR) in a duopoly market. The results show that in the absence of CSR, the
optimal licensing contract is fixed-fee licensing for a patent holding firm. In the precent of CSR,
the optimal licensing contract for a patent holding firm switches from fixed-fee licensing to royalty licensing with increasing level of CSR if the reduction cost of emissions is high. Moreover, we
show that the profit goal of firm and the social welfare goal of government are not always mutually
exclusive. If the level of CSR is low, a uniform licensing contract would be preferable. If the level
of CSR is high, the optimal licensing contract is inconsistent. Finally, we show that CSR is not
always beneficial to the social welfare while CSR benefits the environment. Social welfare benefits
from increased CSR degree, but vice versa is true when CSR degree decreases. This research may
provide valuable insights into licensing and CSR literature.
Keywords: corporate social responsibility, licensing contract, green technology.
JEL Classifications: D42, M14, I13.

Introduction
Firms are now considering green innovation as a way to boost their competitiveness in
the market with increasing environmental concern (Porter & Vander Linde, 1995). A good
example is Apple, which spent a lot of money on renewable energy projects in 2017. This
resulted in a reduction of nearly 2 million tons of carbon emissions compared to last year.
Similarly, Gree, a well-known appliance manufacturer in China, abates carbon emissions by
about 9064.4 tons per year by investing in next-generation refrigeration technology (Zhang
et al., 2020). For technology innovations to spread, the licensing process is of importance. It
is estimated that developed countries account for more than 60% of all green technology patents, according to the PTC database. In the meantime, developing nations are steadily obtaining eco-technology from other nations in order to reduce their GHS (Green House Gases).
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Firms have three options for licensing its innovation: fixed-fee licensing, royalty licensing,
and two-part tariff licensing (Chen et al., 2014; Li, 2021). Although a lot of scholars have
studied technology licensing, they consistently stress profit maximization as the primary
objective of firms, dismissing the possibility that firms may also prioritize corporate social
responsibility (CSR). CSR is a firm’s social and environmental responsibility via ethical and
transparent behavior (International Organization for Standardization, 2010). Firms are increasingly contemplating CSR initiatives as public awareness of CSR grows. Since 2011, more
than 90% of the world’s biggest firms, according to KPMG (2016), have issued CSR reports.
At the same time, the aforementioned practices are widespread among small, medium, and
big firms (Reicher, 2019; Marakova et al., 2021). CSR-compliant firms take into consideration
consumer surplus, environmental advantages, and environmentally friendly production in
their decisions. According to PricewaterhouseCoopers [PwC] (2010), environmental activities attract the greatest emphasis in CSR reports. KPMG (2015, 2017) tells that 82% of firms
globally reported carbon emissions in 2017, up from 58% in 2015. It is therefore true that
while designing green technology licensing strategy, firms cannot disregard the influence of
CSR effort.
According to previous research, the most effective licensing method for green technology is fixed-fee licensing when the licensor is located in a private market (Li, 2021). Keep in
mind that this study only applies to profit-oriented companies. Through CSR, firms develop
a corporate self-regulation that prioritizes not only profits but also the protection of the environment (Kliestik et al., 2020; Kovacova & Lazaroiu, 2021; Kovacova & Lewis, 2021; Durana
et al., 2021; Lazaroiu et al., 2021). As a result, firms may devote more resources to CSR and
make costly improvements to their operations. Under this situation, firms will choose the
licensing arrangement that best suits their needs. Therefore, we attempt to understand the
most effective way to license green technology from a CSR perspective. Furthermore, we
want to know whether the ideal green technology licensing contract differs depending on
the presence of CSR. Also, the environmental and social impacts of CSR on green technology licensing contract is an important issue. Based on the above background, the following
questions are addressed in this paper:
1) In the CSR case, which of the following licensing arrangements – fixed-fee, royalty, or
two-part tariff – is the best option for green technology?
2) Does the absence or presence of CSR make any difference in the ideal licensing contracts for green technology, and if so, what are those differences?
3) In the context of green technology licensing, does CSR lead to a cleaner environment
and greater levels of social welfare?
With the aim of investigating the research questions, this paper develops a duopoly model
of a patent holding firm’s CSR under a time-consistent emissions tax. We first examine the
licensing strategies of green innovation, and then compare equilibrium outcomes in the absence and presence of CSR. The main results are as follows. First, fixed-fee licensing with no
CSR is always the best option for the patent holder, while the optimal licensing contract with
CSR changes from fixed-fee licensing to royalty licensing as the degree of CSR increases. Second, the profit goal of firm and the social welfare goal of government are not always mutually
exclusive. If CSR degree is low, there is no contradiction between corporate incentive goal
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and social welfare; otherwise, there is a contradiction between corporate incentive goal and
social welfare. Third, we show that CSR is not always beneficial to the social welfare while
CSR benefits the environment, as we’ve learned through our research. More specifically, a
higher level of CSR is good for social welfare, whereas a lower level of CSR is detrimental.
The remainder of the paper is organized as follows. In Section 1, we include a review of
the related literature. Section 2 presences our research models and assumptions. In Section 3,
we investigate the optimal licensing contract. In Section 4, we conduct numerical experiments to analyze the influence of related parameters. In the last Section, a summary of this
paper and the future research directions are presented.

1. Literature review
Our work is related to two research streams technology licensing and CSR. In the subsection, we will explore both streams, and then describe the differences between our findings
and earlier studies.

1.1. Technology licensing
One of the related streams concentrates on different approaches to the licensing of technology. A variety of market structures, competitive models, and information structure models
have all been used to study technology licensing approaches by scholars (Wang & Yang,
1999; Wang, 2002; Sen, 2005; Sen & Tauman, 2007; Sen & Bhattacharya, 2017; Niu, 2018;
Jeon, 2019; Hattori & Tanaka, 2018, 2021). Other factors that influence the optimal licensing
contract include product differentiation (Li & Wang, 2010; Ye & Mukhopadhyay, 2013; Rau
et al., 2019; Zou & Chen, 2020; Sen et al., 2021; San Martín & Saracho, 2021), the number of
participants (Antelo & Sampayo, 2017), and network effects (Zhao et al., 2014; Zhang et al.,
2018). However, in the studies mentioned above, licensing of green technologies has received
far less consideration than licensing for manufacturing technologies.
Only a few papers have been published in the field of green technology licensing. Innovators’ green licensing strategy with an emissions tax and their effects on social welfare are
examined by Kim and Lee (2014). In a mixed duopoly, Kim et al. (2018) further investigate
the findings of Kim and Lee (2014). Hattori (2017) explored the ideal trade-off between
environmental policies and innovations when it comes to technology licensing. Xia et al.
(2019) evaluated command-and-control regulation’s influence on green technology licensing. Moreover, in a mixed oligopoly, Li (2021) investigated the licensing options for green
innovations. Results show that fixed-fee is the optimal contract to license green technology
under a private market.

1.2. The effects of CSR on corporate decision making
Another one is the impact of CSR on corporate decision making. In the last several years,
CSR has been getting more attention, including both theoretical and empirical studies. Studies have shown that CSR behaviors can influence the actions of profit-maximizing private
enterprises competing with those that participate in socially responsible activities in various
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oligopoly models (Lambertini & Tampieri, 2015; Liu et al., 2015; Ee et al., 2018; Fukuda
& Ouchida, 2020). Regarding environmental externalities, Lambertini and Tampieri (2015)
studied how CSR impacts firms’ profits and social welfare in the Cournot oligopoly market.
Findings from their research suggest companies that engage in CSR activities are more profitable and generate more social benefits than their profit-driven competitors if the market
is large enough. It was found that the competitive environment influences the motivation
of businesses to engage in CSR and how CSR can benefit businesses and consumers in Liu
et al. (2015) research. Investing in CSR has an effect on income distribution, as studied by
Ee et al. A widening wage gap and increasing capital costs are shown to be caused by CSR
investments. CSR model of time-consistent emissions tax by Fukuda and Ouchida (2020)
is constructed. According to their findings, CSR is always beneficial to social welfare because it reduces emissions in the monopoly model. Our findings are in contrast to those of
Fukuda and Ouchida (2020). According to our model, this abatement effect does not take
place; rather, it is dependent on the level of CSR. Many studies have evaluated the impact of
CSR activity on the bottom line. CSR has been shown in previous research to boost a firm’s
reputation, economic efficiency, stock value, employee loyalty, consumer loyalty, and green
innovations (Sethi & Sethi, 1990; Noci & Verganti, 1999; Bhattacharya & Sen, 2003; Porter
& Kramer, 2006, 2011; Lioui & Sharma, 2012; Flammer, 2013; Chuang & Huang, 2018; Lu
et al., 2020; Stojanovic. et al., 2020; Singh et al., 2020; Dimitrova et al., 2021; Malkawi &
Khayrullina, 2021; Tijani et al., 2021).
According to the literature survey, no research has coupled green technology licensing
with CSR, despite the fact that multiple studies have been reported on both topics separately.
In contrast to prior research, this paper will include CSR into the setting of green technology
licensing with an emission tax.

2. Methods
Consider a Cournot duopoly where firms produce homogeneous products, with an inverse
linear demand function: p =a − q1 + q2 , where a(a > 0) is the parameter of market size.
qi (i = 1,2) and p donate the output and price of product. Firms’ production cost is assumed
as C(qi ) = cqi , in which c(a > c) is the unit production cost. Firms emits pollutants during
their production processes, where unit of output results in one unit of emission. An emission tax t is imposed by the government on each unit of emissions. Firms have ability to
adopt green technology for abatement with the aim of emission tax reduction. Moreover, we
gz2
assume i i is the cost function of firm i, where zi is abatement effort and gi (gi > 0) is the
2
efficiency of abatement cost. After adopting green technology, firm i can abate emissions
from a level of qi to e=
i qi − zi .
In the absence of new green technologies, the efficiency of abatement cost is gi =g. Moreover, when firms (i.e., patent holders) develops new green technologies and makes them
application in order to reduce emission pollution, the efficiency of abatement cost becomes
gi = g − e, in which e is the degree of reduction of the abatement innovation cost. In addition, it is patent holder (i.e., firm 1 in this paper) that has the right to determine whether or
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not to license its green innovations to other firms 2 (i.e., firm 2) and if so, which licensing
type to use.
Under fixed-fee licensing, firm 2 has to pay a fixed-fee to firm 1. Under royalty licensing,
firm 2 has to pay a royalty rate to firm 1 for each unit of emission. What’s more, refer to
Wang (1998) and Fauli-Oller and Sandonis (2002), two-part tariff licensing degenerates into
fixed-fee licensing in this paper. Therefore, we only study fixed-fee and royalty licensing with
the aim of keeping model simple and tractable.
Obviously, without and with licensing, the patent holder’s profits can be depicted as following, respectively:
(g − e)z12
π1N = (a − q1 − q2 − c)q1 − t(q1 − z1 ) −
;
(1)
2
(g − e)z12
π1L= (a − q1 − q2 − c)q1 − t(q1 − z1 ) −
+ F + rz2 .
(2)
2
Superscripts “ N ” and “ L ” are used to defined no licensing and licensing. Likewise, the
firm 2’s profits can be described as Eqs (3)–(4):
gz 2
π2 N= (a − q1 − q2 − c)q2 − t(q2 − z2 ) − 2 ;
(3)
2
(g − e)z22
π2 L= (a − c − q1 − q2 )q2 − t(q2 − z2 ) −
− F − rz2 .
(4)
2
Social welfare includes four components: consumer surplus, profits of firms, tax revenues,
and environmental damage.
2
2
SW= CS +
πi + t ei − ED
(5)

∑

∑

=i 1 =i 1

1
in which CS= (q1 + q2 )2 is consumer surplus. Besides, the function of pollution damage can
2
2
be measured by ED = dE, in which d > 0 is marginal pollution damage and E =
ei . Such a

∑
i =1

linear damage function has been widely used in the literature (Petrakis & Xepapadeas, 1998;
Tsai et al., 2016; Xing et al., 2021).
Assume that firm 1 engage in CSR activities. In other words, not only firm 1 concerns
its profit, but it also concerns its consumers and the damage it causes to the environment
(Goering, 2012, 2014; Fanti & Buccella, 2017, 2018, 2019; Ouchida, 2019; Fukuda & Ouchida,
2020). Hence, firm 1’s objective function can be described as:
Ω = π1 + q(CS − ED)

(6)

in which q∈[0,1] (an exogenous parameter) is the level of CSR.
Based on Ouchida and Goto (2016), Martín-Herrán and Rubio (2018), Yong et al. (2018)
and Fukuda and Ouchida (2020), the government do not have the capacity to commit to an
emissions tax rate t in advance. As a result, the government chooses a tax rate with the aim
of maximizing social welfare after firms make emission abatement efforts. An important
example of this is that Australian carbon tax rates were often adjusted over time. Indeed, we
can also understand it in another way that abatement activities time-horizon can be approximately over the long run, and thus the government do not have the capacity to commit to an
emission tax rate. The timing of this game is as follows: In the first stage, the patent holder
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(firm 1) announces how patents will be licensed and decide the types of licensing (fixed-fee
licensing or royalty licensing) in order to maximize its own profit. In the second stage, the
licensee (firm 2) determines whether to accept the license or not. In the third stage, both
firms determine their emission abatement efforts respectively with the aiming of maximizing profit. In the fourth stage, the government chooses an emission tax rate with the aim of
maximizing social welfare. In the fifth stage, firms decide their output dependently. We solve
the game through backward induction method.

3. Results
Now, we examine the effects of green technology licensing arrangement and then compare
equilibrium outcomes without CSR and with CSR.

3.1. Green technology licensing in the absence of CSR
We now investigate a benchmark – no CSR scenario (i.e., q = 0). Superscripts “N”, “LF”, and
“LR” are assumed with the aiming of denoting no licensing , fixed-fee licensing, and royalty
licensing.
3.1.1. No licensing

In this scenario, the fifth-stage game is degraded to a three-stage game. Firm 1 and firm 2
decide their output dependently in the last stage (i.e., the third stage) and the firms’ profits
can be depicted as Eqs (7)–(8):
(g − e)z12
π1N = (a − c − q1 − q2 )q1 − t(q1 − z1 ) −
;
(7)
2
π2N= (a − c − q1 − q2 )q2 − t(q2 − z2 ) −
The resulting equilibrium is as follows:

gz22
.
2

(8)

a−c −t
.
(9)
3
In the second stage, an emission tax is chosen by the government with the aim of maxi∂SW N
mizing social welfare. Then, by directly solving
= 0 , we can obtain
∂t
1
tN =(c − a + 3d ).
(10)
2
Both firms determine their emission reduction efforts respective with the aiming of op∂π1N
∂π2N
timizing profit in the first stage. Solving
= 0 and
= 0 , we get:
∂z1
∂z2
q1N = q2 N =

z1N =

3d + c − a
;
2( g − e)

(11)

z2N =

3d + c − a
.
2g

(12)
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d + c < a < 3d + c is assumed to insure positive output and pollution abatement efforts.
Note that this assumption differs from cost-reducing innovations scenario. Specifically, when
the patent holder acts as a monopolist and has the ability to drive competitors out of business
(i.e., q2 N ≤ 0 ), cost-reducing innovations may drastic. Given that the outputs of both firms
are same, the new green innovations in this paper are assumed to be non-drastic.
Substituting Eqs (9)–(12) backward, we can obtain other equilibrium outcomes:
π1N =

(c + tN − a)2 (g − e)(z1N )2
−
+ tN z1N ;
9
2

(c + tN − a)2 g(z2N )2
−
+ tN z2N ;
9
2
2
CS N = (a − tN − c)2 ;
9
(d − tN )(2a − 2tN − 2c)
N
SW = dz1N + dz2N −
−
3
N
N
2
2
N
2
(g − e)[(z1 ) + (z2 ) ] (2a − 2t − 2c)
+
.
2
9
π2N =

(13)
(14)
(15)
(16)

3.1.2. Fixed-fee licensing

In this scenario, firm 1 licenses its green innovations to firm 2 by F and the cost function of
(g − e)z22
firm 2’s abatement activities becomes
after licensing. Similarly, solving stages 3–5
2
of the game, the equilibrium outcomes are given as:
a−c −d
;
2
3d + c − a
tLF =
;
2
3d + c − a
z1LF = z2LF =
.
2(g − e)

LF q=
LF
q=
1
2

(17)
(18)
(19)

In the second stage, firm 2 decide whether to accept licensing or not. Only when the firm
2’s profit after accepting licensing is no less than that before accepting licensing, can firm 2
accepts licensing i.e., π2LF ≥ π2N . In the first stage, firm 1 decides to charge a fixed-fee F with
the aiming of maximizing its profit. As such, the firm 1’s problem can be depicted as follows
(c + tLF − a)2 (g − e)(z1LF )2
+ tLF z1LF + F ]
−
9
2
≥ π2N .

max π1LF = [
F

s.t. π2LF

π2N :
The optimal licensing fee F for firm1 is determined by π2LF =
F=

e(a − c − 3d )2
.
8 g(g − e)

(20)

Substituting Eqs (17)–(20) backward, we can obtain other equilibrium outcomes:
π1LF =

(c + tLF − a)2 (g − e)(z1LF )2
e(a − c − 3d )2
−
+ tLF z1LF +
;
9
2
8 g(g − e)

(21)
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π2LF =

(c + tLF − a)2 (g − e)(z2LF )2
e(a − c − 3d )2
;
−
+ tLF z2LF −
9
2
8(g 2 − ge)

(22)

(a − d − c)2
;		
(23)
2
(g − e)[(z1LF )2 + (z2LF )2 ] (2a − 2tLF − 2c)2
SW LF = d(z1LF + z2LF ) −
+
+
2
9
(24)
LF
LF
LF
LF
2
2[−ad + cd + at − ct + d t − (t ) ]
.
3
Next, we investigate whether firm 1 can benefit from green inventions licensing by a
fixed-fee. Comparing the profits before and after licensing reveals the following Lemma 1.
CS LF =

Lemma 1. Firm 1 always licenses new green technology to firm 2 under fixed-fee licensing.
This lemma suggests that fixed-fee licensing benefits firm 1. The intuition lies in the fact
that the gap between licensing profit and non-licensing profit is determined by F. In this
model, F is positive and the patent holder always chooses to license its green inventions.
3.1.3. Royalty licensing

Under royalty licensing, firm 1 licenses its green inventions to firm 2 at a royalty rate r. The
equilibrium outcomes are as follow:
a −c −d
LR q=
LR
q=
;
(25)
1
2
2
1
tLR =(c − a + 3d ) ;
(26)
2
1
3d + c − a − 2r
z1LR =
(c − a + 3d ) , z2LR =
.
(27)
2 g − 2e
2(g − e)
Then, firm 1 charges the optimal royalty rate r with aim of maximizing profit and the firm
1’s problem can be defined as follows,
max π1LR = [
r

(c + tLF − a)2 (g − e)(z1LF )2
−
+ tLF z1LF + rz2LR ]
9
2

s.t. π2LR ≥ π2N .
Accordingly, firm 1 chooses the following royalty rate to extract the increased profit of
firm 2.
1
e
e 3
 [(a − c − 3d )( 1 − ) − 1], 0 < <
2
g
g 4.
r=
(28)
1
3
e
 (c − a + 3d ),
< <1
 4
4 g
Substituting Eqs (25)–(28) backward, we can obtain other equilibrium outcomes:
π1LR =

(c + tLF − a)2 (g − e)(z1LF )2
−
+ tLF z1LF + rz2LR ;
9
2

(29)

π2LR =

(c + tLF − a)2 (g − e)(z2LF )2
−
+ tLF z2LF − rz2LR ;
9
2

(30)
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(a − d − c)2
;		
(31)
2
LR
2
LR
LR
4(a − c − t )
2(t − d )(a − c − t )
SW LR =
+
+ d(z1LR + z2LR ) −
9
3
(32)
(g − e)[(z1LR )2 + (z2LR )2 ]
.
2
Lemma 2. Firm 1 always licenses new green technology to firm 2 under royalty licensing in
the scenario of no CSR.
The reason is the same as Lemma 1.
CS LR =

3.1.4. Fixed-fee licensing versus royalty licensing in the absence of CSR

In this section, we compare the equilibrium outcomes of the two types of licensing.

Proposition 1. The optimal licensing strategy preferred by the government and the patent
holding firm are the same, a fixed-fee licensing.
For both licensing contracts, the output and abatement efforts remain unchanged. Hence,
the gap between fixed-fee licensing profit and royalty licensing profit is determined by license
fee. Due to F is larger than rz2LR (see Proof in Appendix), the patent holder prefers to choose
the fixed fee licensing strategy. Similarly, this is true for the government. The intuition behind
Proposition 1 is clear. It is fixed-fee licensing that can increase firms’ profits and motivate
firms to make more abatement effort, resulting in increasing social welfare. According to
Proposition 1, there is no contradiction between corporate incentive goals and social welfare.
What’s more, both types of licensing contracts benefit social welfare.
Proposition 2. Both types of licensing contract are the best options from consumers’ standpoint in the absence of CSR.
The intuition behind this result could be provided by the following argument: the output
remains unchanged regardless of the types of licensing that patent holder used. Hence, the
consumer surplus determined by the output is equal in both types of licensing. In other
words, both types of licensing contracts are the best options from the view of customers.

3.2. Green technology licensing in the presence of CSR
Subscript “C” is assumed with the aiming of denoting the scenario of CSR.
3.2.1. No licensing

Here are the equilibrium outcomes:
q1NC =

a(1 + q) − c(1 + q) − d(1 + 2q)
a(1 − q) − c(1 − q) − d(1 − 2q)
, q2NC =
;
2
2

(33)

z1NC =

3d − a(1 − q) + c(1 − q)
d(3 − 2q) + c(1 − q) − a(1 − q)
, z2NC =
;
2 g − 2e
2g

(34)

d(3 − 2q) + c(1 − q) − a(1 − q) − cq
tCN =
;
2

(35)
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(a2 − 2ac + c 2 )(1 + 2q − q2 ) + d 2 (1 + 6q − 4q2 ) + 2d(c − a)(1 + 4q − 2q2 )
+
4
2
N
(g − e)(z1C )
dq(z1NC + z2NC ) + tCN z1NC −
;
2
ΩCN

(a − d − c)2 − (a − 2d − c)2 q2 (g − e)(z1NC )2
−
+ tCN z1NC ;
4
2
[a − d − c − (a − 2d − c)q]2 g(z2NC )2
=
π2NC
−
+ tCN z2NC ;
4
2
π1NC

(a − d − c)2
;		
2
(g − e)(z1NC )2 g(z2NC )2
1
= (a − d − c)2 + d(z1NC + z2NC ) −
−
.
2
2
2

(36)

(37)
(38)

CSCN =

(39)

SWCN

(40)

2d + c < a < 3d + c is assumed to insure positive green innovation investment and output,
implying green innovation is non-drastic. The following are some comparative-static effects
with respect to q.
∂q N
∂q N
∂z N
∂z N
Lemma 3. 1C > 0 , 2C < 0 , 1C > 0 , and 2C > 0 .
∂q
∂q
∂q
∂q
This lemma describes how CSR degree influences firms’ decision making. According to
these results, an increase in the CSR degree drives firm 1 (the CSR firm) to increase output
whereas firm 2 (the non-CSR firm) reduces production. In the meanwhile, an increase in the
CSR degree motivates firms to make more abatement efforts. The corresponding intuition is
that: the marginal social concern grows as the CSR degree rises, resulting in an increase in
firm 1’s output and abatement efforts. In contrast, the non-CSR firm’s production decrease
due to the output substitution impact. With the aim of compensating for the loss of profits,
firm 2 shall strengthen its emission reduction efforts.
3.2.2. Fixed-fee licensing

Here are the equilibrium outcomes:
a(1 + q) − c(1 + q) − d(1 − 2q) LF a(1 − q) − d(1 − 2q) − c(1 − q)
, q2C =
;
2
2
3d + c(1 − q) − a(1 − q) LF d(3 − 2q) − a(1 − q) + c(1 − q)
=
, z2C =
;
2 g − 2e
2 g − 2e

q1LF
C =

(41)

z1LF
C

(42)

d(3 − 2q) − a(1 − q) + c(1 − q)
;
2
e[c − a + q(a − c − 2d ) + 3d]2
FC =
;
8 g(g − e)
tCLF =

(a − c)2 (1 + 2q − q2 ) + d 2 (1 + 6q − 4q2 ) + 2d(c − a)(1 + 4q − 2q2 )
+
4
2
( g − e)(z1LF
e[3d + c − a + q(a − c − 2d )]2
C)
LF
LF LF
dq(z1LF
;
+
C + z 2C ) + tC z1C −
2
8 g(g − e)
ΩCLF

(43)
(44)

(45)
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(a − d − c)2 − (a − 2d − c)2 q2 (g − e)(z1LF
C)
−
+
4
2
2
e[3d + c − a + q(a − c − 2d )]
tLF z1LF
;
C +
8 g(g − e)

(46)

=
π1LF
C

π2LCF = tLF z2LCF −

(g − e)(z2LFC )2

−

e[3d + c − a + (−c − 2d + a)q]2
+
8 g( g − e)

2
(c + d − a + aq − cq − 2dq)2
;
4
(a − d − c)2
CSCLF =
;		
2
2
LF 2
(g − e)[(z1LF
1
C ) + (z 2C ) ]
LF ) −
SWCLF = (d + c − a)2 + d(z1LF
+
z
.
C
2C
2
2

(47)

(48)
(49)

Using Eqs (36) and (45), we can derive the following Lemma 4.

Lemma 4. Firm 1 always licenses new green technology to firm 2 under fix fee licensing in
the presence of CSR.
The idea underlying this lemma is as follows: the gap between no licensing payoff and
fixed-fee licensing payoff is ΩCLF −=
ΩCN d(z2LFC − z2NC ) + FC , including d(z2LFC − z2NC ) and FC.
LF
N
Since z2C − z2C > 0 and FC > 0, it is better for firm 1 to license its inventions with a fix fee.
Notably, the result in the presence of CSR is similar to that in the absence of CSR.
3.2.3. Royalty licensing

Here are the equilibrium outcomes:
q1LR
C =

a − d − c + aq − cq − 2dq LR a − d − c − aq − 2dq − cq
, q2C =
;
2
2

(50)

z1LR
C =

3d + c − a + aq − cq LR 3d + c − a + aq − cq − 2dq − 2rC
, z2C =
;
2 g − 2e
2 g − 2e

(51)

tCLR =

3d + c − a + aq − 2dq − cq
;
2

(52)


e
[3d + c − a + (aq − cq − 2dq)](1 − 1 − )
g
e 3

, 0< < ;
rC = 
2
g 4
 3d + c − a + q(a − c − 2d ) 3 e
,
< <1

4
4 g

(a − c)2 (1 + 2q − q2 ) + d 2 (1 + 6q − 4q2 ) + 2d(c − a)(1 + 4q − 2q2 )
+
4
LR
2
( g − e)(z1C )
LR
LR
dq(z1LR
+ tCLR z1LR
C + z 2C ) −
C + rC z 2C ;
2
2
(a − d − c)2 − (a − 2d − c)2 q2 (g − e)(z1LR
C)
LR
=
π1LR
−
+ tLR z1LR
C
C + rC z 2C ;
4
2
ΩCLR

=
π2LCR

[−a(1 − q) + c(1 − q) + d(1 − 2q)]2 (g − e)(z2LR )2
−
+ z2LR (tCLR − rC );
4
2

(53)

(54)

(55)
(56)
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(a − d − c)2
;
2
2
LR 2
(g − e)[(z1LR
1
C ) + (z 2C ) ]
LR
= (c + d − a)2 + d(z1LR
.
C + z 2C ) −
2
2

CSCLR =

(57)

SWCLR

(58)

Lemma 5. Firm 1 always licenses new green technology to firm 2 under royalty licensing in
the precent of CSR.
The intuition is the same as that of Lemma 4.
3.2.4. Fixed-fee licensing versus royalty licensing in the presence of CSR

In this section, we compare the equilibrium outcomes of the two types of licensing.
e 3
Proposition 3. (i) if 0 < < , fixed-fee licensing is the best options for any value of CSR
g 4
3 e
degree from the patent holding firm’ s standpoint (ii) if < < 1, royalty licensing is the best
4 g
options if CSR degree is high; fixed-fee licensing is optimal if CSR degree is low from patent
holding firm’ s standpoint.
A patent holding firm is more likely to license green technologies to other companies for
a fixed charge if e is low. Nevertheless, if e is large, the optimal licensing arrangement changes
from fixed-fee to royalty licensing as CSR degree increases. It is worth noting that the result
is different from the scenario in which no firm engages in CSR activities (i.e., CSR degree
is 0). The intuition behind this result could be provided by the following argument: without
CSR, the licensing fee only depends on firms’ emission abatement efforts since both firms
have the same level of output. In contrast, the licensing fee relies on firms’ emission abatement efforts and output with CSR, resulting in optimal green technology licensing strategy
which is determined by CSR degree.

Proposition 4. Fixed-fee licensing and royalty licensing are both the best options from consumers’ standpoint when it comes to CSR.
Proposition 4 can be analyzed in the same way as Proposition 2.
Proposition 5. The optimal licensing strategy preferred by the government is fixed-fee licensing when it comes to CSR.
Different from most existing studies, such as those conducted by Kabiraj (2005), Erutku
and Richelle (2007) and Li and Song (2009), Propositions 3 and Propositions 5 suggest that
there are never a conflicts or inconsistencies between firms’ payoff goals and social welfare.
If the CSR degree is high, optimal license contracts may conflict. Specifically, the patent
holder prefers a royalty licensing contract while the government prefers fixed-fee licensing
contract. However, if CSR degree is low, fixed-fee licensing is always the best option for
both. It is worth noting that Propositions 3 and Propositions 5 are not in agreement with
Propositions 1.

3.3. Comparison of results
Now, we compare the equilibrium outcomes with and without CSR. After doing some
straightforward computations, we are able to get the following lemma and proposition.
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Lemma 6. A comparison of the equilibrium results with and without CSR is as follows:
LF ( R )
LR
LR
LF
LF
LR
LR
LF
i) q1LF
> (<)π1LF ( R) for q < (>)qLF ( R),
C > q1 , q1C > q1 , z1C > z1 , z1C > z1 , and π1C
(R)
where qLF ( R) satisfies π1LF
=
π1LF ( R) and 0 < qLF ( R) ≤ 1;
C
LF ( R )
LR
LF
LF
LR
LR
ii) q2LFC < q2LF , q2LR
> (<)π2LF ( R) for q < (>)qLF ( R),
C < q2 , z 2C > z 2 , z 2C > z 2 , and π2C
LF
(
R
)
LF
(
R
)
where qLF ( R) satisfies π2C =
π2
and 0 < qLF ( R) ≤ 1.
From Lemma 6-(i), we can easily indicate that the impact of CSR on firm is twofold:
an output enhancing effect and abatement enhancing effect. In addition, the patent holder
(i.e., firm 1) is able to increase its profit by engage in CSR activities when CSR degree is low.
An abatement cost effect and a tax payment effect make up abatement enhancing effect. In
details, if CSR degree is low, the tax payment effect is favorable. In this context, the emission
abatement enhancing effect depends on the output enhancing effect.
Lemma 6-(ii) states that with CSR degree increasing, the production substitute effect
of CSR firms on non-CSR firms increases. Moreover, the abatement effort of the non-CSR
firm increases. This is because if firm 1 takes CSR activities and firm 2 is a profit-oriented
firm, firm 1 has ability to draw more consumers from its competitors, leading an increasing output of firm 1 while a decreasing output of firm 2. Further, this lemma demonstrates
that the impact of CSR on firm 2 is uncertain. The economic intuition is the same as that in
Lemma 6-(i).
Proposition 6. ECLR( F ) < E LR( F ); SWCLR( F ) > (<)SW LR( F ) for q < (>)qLR( F ), where qLR( F ) satisfies SWCLR( F ) = SW LR( F ) and 0 < qLR( F ) ≤ 1.
This proposition implies that the emissions without CSR are more than those with CSR
for any value of q. The reason is as follows: according to Lemma 6, CSR has an influence
of abatement-enhancing on both firms, but has no effect on the output level of the entire
LR
LR
LR
LR
LF
LF
LF
industry (i.e., q1LF
C + q2C = q1 + q2 and q1C + q2C = q1 + q2 ). Hence, total emissions decrease as CSR degree increases. In addition, a higher CSR degree (q > qLF ( R)) makes social
welfare without CSR greater than social welfare with CSR. Nevertheless, a lower CSR degree
( 0 < q < qLF ( R) ) has an opposite effect on social welfare. The economic intuition behind this
is as follows. The cost of abatement and total emissions determine the difference between
social welfare with CSR and social welfare without CSR. Obviously, the marginal increase in
q increases the cost of abatement while reduce firms’ total emissions. Social welfare changes
as a result of both factors working together. When q is low, the effect of the former is greater
than that of the latter, leading to increased social welfare. However, when q is low, the effect
of the latter is greater than that of the former, leading to decreased social welfare.
This proposition demonstrates that CSR doesn’t always benefit social welfare. In contrast
to what was found by Fukuda and Ouchida (2020), who show that, the higher the CSR
degree, the higher the social welfare in a monopoly model. Their framework includes two
distortions. One is an external diseconomy resulting from a monopolist’s emissions, and
the other one is a distortion resulting from a monopolist’s market power. Emission tax can
address the external diseconomy, but it cannot address the market power. Due to the impossibility of correcting the distortion of market power within its framework, emissions are
reduced as a result of output reduction resulting from CSR. In sum, social welfare increases
as CSR degree increases because of the emission reducing effect caused by CSR. Neverthe-
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less, this effect does not exist in our model, and social welfare is determined by CSR degree.
Specifically, when CSR degree is low, CSR benefits social welfare. When CSR degree is high,
the effect is reversed.

4. Discussion
We conduct a few suitable numerical experiments in this section. First, a numerical example is used to describe the best way to license green technology in the absence of CSR
and in the presence of CSR. Further, we perform a sensitivity analysis of the equilibrium
results with respect to e, g and d. According to Fukuda and Ouchida (2020), we assume
g 10,
=
d ==
0.15, a 1, c 0.6, e= 7, q= 0.5.

4.1. Optimal licensing strategies from patent holder and government’s standpoint
The following figures numerically indicates the best way to license green technology in the
absence of CSR and in the presence of CSR. Noting that we assume e = 7 and e = 9 to
describe the impacts of CSR degree on the licensing strategies. The following are the most
significant findings:
Figure 1 shows that fixed-fee licensing is more favorable to firm 1’s profit and social
welfare for any value of e if there is no CSR. This finding in agreement with proposition 1.
What’s more, Figure 2 suggests that fixed-fee licensing is more favorable to firm 1’s profit than

Figure 1. Optimal licensing strategies for patent holder in the absence of CSR

Figure 2. Optimal licensing strategies for patent holder in the precent of CSR
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e 3
royalty licensing when 0 < < in the precent of CSR. In contrast, in the precent of CSR,
g 4
3 e
when < < 1, royalty licensing is more favorable to firm 1’s profit than fixed-fee licens4 g
ing for 0 < q < 0.03, while fixed-fee licensing is more favorable to firm 1’s profit than royalty
licensing for 0.03 < q < 1. Further, fixed-fee licensing is more favorable to social welfare than
royalty licensing for any value of e in the precent of CSR.

4.2. Analytical sensitivity
In order to gain more managerial insights, the analytical sensitivity of key parameters, e, g
and d is conducted.
4.2.1. Analytical sensitivity on total emissions

Analytical sensitivity of e, g, and d on total emissions with different q are depicted in the
following figures.
Figure 3 indicates that if q remains a constant, total emissions decrease with e regardless
the types of licensing contracts. The reason for this is that as e increases, the cost of green
technology innovation decreases and firms make more emission reduction efforts, resulting
in more emission reductions. The impact of d is similar to total emissions. Nevertheless,
total emissions decrease with g. The rationale is that the firms are motivated to make more
abatement efforts if g is low, which reducing total emissions. Figure 3 also states that if other
parameters remain a constant, total emissions decrease with q.
4.2.2. Analytical sensitivity on firm 1 and firm 2’s profits

The analytical sensitivity of e, g and d on firms’ profits with different q are depicted in the
following figures.
Figure 4 suggests that the relationship between e and firm 1’s profit is determined by q
regardless the types of licensing contracts. If q is high, firm 1’s profit increases with e. Nevertheless, if q is low, firm 1’s profit decreases with e. In addition, Figure 4 shows an inverse
relationship between firm 1’s profit and g. Specifically, firm 1’s profit decreases as g increases
if q is sufficiently larger while firm 1’s profit increases as g if q is sufficiently low. Moreover,
Figure 4 indicates firm 1’s profit decreases with d. What’s more, Figure 4 states that if other
parameters remain a constant, firms’ profits increase with q. The finding demonstrates that
CSR benefits firms’ profits because of the abatement-enhancing effect caused by CSR.
Figure 5 suggests that e has no impact on firm 2’s profit, while firm 2’s profit decreases as
g regardless the types of licensing contracts. Moreover, Figure 5 shows a non-linear relationship between d and firm 2’s profit. In other words, if q is low, firm 2’s profit decreases with
d. If q is high, firm 2’s profit increases with d. What’s more, Figure 5 indicates that if other
parameters remain a constant, firm 1’s profit increases with q.
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(i) Fixed-fee licensing

(ii) Royalty licensing

Figure 3. Analytical sensitivity on ELR(F) with different q
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(i) Fixed-fee licensing

(ii) Royalty licensing

Figure 4. Analytical sensitivity on π1LR( F ) with different q
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(i) Fixed-fee licensing

(ii) Royalty licensing

Figure 5. Analytical sensitivity on π2LR( F ) with different q
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(i) Fixed-fee licensing

(ii) Royalty licensing

Figure 6. Analytical sensitivity on SWLR(F) with different q
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4.2.3. Analytical sensitivity on social welfare

Finally, the analytical sensitivity of e, g, and d on social welfare with different q are depicted
in the following figures.
From Figure 6, we can reveal that for both licensing contracts, if q remains a constant,
social welfare increases with e. This is because the higher e, the more the firms’ abatement
effects, which in turn increases social welfare. However, g and d have different impacts on
social welfare. This is because for a given q, if g and d are higher, firms are more motivated
to reduce emissions, which increases social welfare. Last but not least, Figure 6 suggests that
if other parameters remain a constant, social welfare first increases and the decreases with q,
which is identical to Proposition 6.

Conclusions
Main results
In this paper, we examine the optimal green technology licensing strategy with CSR and
study how environment and social welfare are impacted by CSR. Following are the main
results: Firstly, fixed-fee licensing with no CSR is always the best option for a patent holder.
In contrast, when a patent holding firm engages in CSR, the situation is different. The best
option changes from fixed-fee licensing to royalty licensing as the level of CSR increases.
In other words, for the patent holder, royalty licensing is the best option if the level of CSR
degree is high; fixed-fee licensing is the best option if the level of CSR degree is low.
Secondly, we demonstrate that there are no contradictions or inconsistencies between
corporate incentive goal and social welfare in the context of CSR. If the level of CSR is high,
there is a contradiction between firm profit goal and government social welfare goal. Specifically, royalty licensing is preferred by the patent holding firm, whereas fixed-fee licensing
is preferred by the government. In contrast, there is no contradiction between firm profit
goal and government social welfare goal if the level of CSR is low. In other words, fixed-fee
licensing contract is optimal for both.
Thirdly, CSR is not always beneficial to the social welfare while CSR benefits the environment. Specifically, social welfare without CSR is higher than social welfare with CSR for a
high level of CSR, while social welfare without CSR is lower than social welfare with CSR
for a low level of CSR.

Limitations and future research
Our work can be extended in the following ways. Firstly, we only study the optimal green
technology licensing strategy with CSR in a duopoly market. Future research may examine
that in a mixed oligopoly. Secondly, we only consider a case where only one firm engages in
CSR activities and the other doesn’t engage in CSR activities. In fact, both firms may adopt
the CSR strategy. Further research may extend research in this regard, i.e., both firms engage
in CSR activities. Lastly, the CSR degree is an exogenous parameter in this paper. However,
firms always maximize their objective function with respect to the level of CSR. Therefore, it
is interesting to consider the case in which the level of CSR is endogenously chosen by firm 1.
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APPENDIX
Proof of Lemma 1. Firm 1 can get more profit than it would get in the absence of the license
under fixed-fee licensing arrangement because π1LF − π1N = F > 0 .
Proof of Lemma 2. Under royalty licensing arrangement, firm 1 gets more profit than it
π1N rz2LR > 0.
would get in the absence of the license, because π1LR − =
Proof of Proposition 1. Comparing Eqs (21)–(29) and (24)–(32) yields:

π1LF − π1LR

 (a − c − 3d )2
e
e 3
(1 − 1 − )2 > 0, 0 < <

8(
)
g
−
e
g
g 4

= e 1
,
2
 ( g − 2 )(a − c − 3d )
3 e
> 0,
< <1

4 g
8(g − e)2


SW LF − SW LR

 a−c +d
e
− tLR 1 − )
(
g
2
e 3

> 0, 0 < < .
=
g 4
2(g − e)
 ar − cr − dr
3 e
> 0,
< <1

4 g
 8(g − e)

Proof of Proposition 2. This is a result of simple mathematics. CS LF
= 0.5(a − c − d=
)2 CS LR.
Proof of Lemma 3. With respect to q , the derivative of Eqs (33)–(34) is
∂q1NC
∂q

=−d + 0.5a − 0.5c > 0 ,

∂q2NC
∂q

=−
d 0.5a + 0.5c < 0 ,

∂z1NC
∂z2NC 1
1
(0.5a − 0.5c) > 0 , =
=
(0.5a − 0.5c − d ) > 0.
∂q
g
∂q
g−e

Proof of Lemma 4. Due to z2LFC > z2NC and FC > 0 , a simple calculation yields the following
conclusion: ΩCLF −=
ΩCN d(z2LFC − z2NC ) + FC > 0 .
Proof of Lemma 5. A simple calculation yields:
ΩCLR

e 3
 A
 4 g − 4e > 0, 0 < g < 4
− ΩCN = 
,
2
[a − c − 3d − (a − 2d − c)q] > 0, 3 < e < 1
16 g − 16e
4 g


e
e
in which A = ( + 1 − − 1)[−(a − 2d − c)q + a − 3d − c][a − 5d − c − (a − 2d − c)q] > 0 .
g
g

Proof of Proposition 3. A simple calculation yields that
ΩCLF − ΩCLR

e 3
 B
 8(g − e) , 0 < g < 4
=
3 e .
D[3d + c − a + q(a − c − 2d )],
< <1
4 g
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If 0 <

e 3
3 e
< , then ΩCLF > ΩCLR ; if < < 1 , then
g 4
4 g

ΩCLF < ΩCLR , 0 < q < q∗
 LF
LR
∗
ΩC > ΩC , q < q ≤ 1

(2e − g)(3d − a + c)
in which q∗ =
,
−ag + c g + 6d g + 2ae − 2ce − 4de
=
B (3d − a + c + 2dq + cq − aq){− g(g − e)[(6d + 2c − 2a) + (2a − 2c)q] − 2ag + 2c g + 6d g +
ae − ce − 3de + [4d(g − e)q + 2agq − 2c gq − 4d gq − aeq + ceq + 2deq]} > 0,
D

(g − 2e)[a(1 − q) − d(3 − 2q) − c(1 − q)] + 4 gqd
> 0.
16(g 2 − ge)

Proof of Proposition 4. This is a result of simple mathematics. CSCLF
= 0.5(a − c − d=
)2 CSCLR .
Proof of Proposition 5. A simple calculation gives:
SWCLF − SWCLR

e 3

G[3d + c − a + q(a − c − 2d )] > 0, 0 < g < 4
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3 e
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g
g
8(g − e)
1
=
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32(g − e)

in which
=
G

Proof of Lemma 6. Here are outcomes in the absence and presence of CSR when it comes
to production and abatement:
(F )
(F )
(i) q1LR
− q1LR( F ) = q(0.5a − 0.5c − d ) > 0 , z1LR
− z1LR( F ) = 0.5aq − 0.5cq > 0 ,
C
C

πLR( F ) > π1LR( F ) , 0 < q < qLR( F )
C
,
 1LR
(F )
LR( F )
, qLR( F ) < q ≤ 1
π
 1C < π1
2(3d + c − a)(g + e)(a − 2d − c)
where, qLF =
g(4d + c − a)a + (−a + 2d + c)2 [2 g 2 − (1 + 2 g)e] − (4d + c − a)gc
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Proof of Proposition 6. Here are outcomes in the absence and presence of CSR when it
comes to emissions and social welfare:
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