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A  Proof of Theorem 1

We consider four scenarios.
Scenario M1: 0 < py < pr

Since Firm 1 charges a lower price for the green variant, all consumers choose to buy either a green variant or nothing.
The aggregate market demand is as follows: Qr =0,Q4 = (1 — pg)01 + (1 — %‘7)(1 — 01). Thus, Firm 1 faces the following
profit-maximization problem:

max 11 = (py — 1)@y = (b — c)[(1 = py)0s + (1= P2)(1 = 01)].

Pr,Pg

The optimal price and optimal profit are as follows:

s e a+ (a— 1)616,1 —|—c,1 ML [a—(a—l)@lc; —cll]2
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Scenario M2: p, < p, < ap,

Under this scenario, regular consumers purchase either the regular variant or nothing. Meanwhile, flexible and
dedicated green consumers purchase either the green variant or nothing. The aggregate market demand is as follows:
Qr=(1-pr)b,Qg = (1 —22)(1 —6,). Thus, Firm 1 faces the following profit-maximization problem.

max m = (pr—c¢1)Qr+ (g —1)Qy
Pr,Pg
’ ’ p
= (pr—e))(L=pr)0i+ (pg — cx)(1 = <) (1= 0u).
The optimal solution is py = H%, Dy = H% Since a > 1, we have p; < py < apy. Thus, Firm 1’s maximum profit

under Scenario M2 is

M2 _ 01(1—c1)? | (1—01)(a—c;)?
[ 4a '
We compare the profits under scenarios M1 and M2.
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Scenario M3: (a —1)+p, <py<a

Under this scenario, regular and flexible green consumers purchase either the regular variant or nothing. Dedicated
green consumers purchase either the green variant or nothing. The aggregate market demand is as follows: Q, = (1 —
pr)(01 4+ 02),Qy = (1 — %9)03. Thus, Firm 1 faces the following profit-maximization problem:

max m = (pr—c1)Qr + (b — €)Qs = (pr — 1) (1 = pr)(61 + 62) + (py — 1) (1 — P26

Pr,Pg
s.t. (a—1)+pr <pg <a.

We first solve the unconstrained problem; the corresponding optimal solution is as follows:

p*: 1+Cl1 * a+cll * (01 +92)(1ic,1)2 * 93(0476/1)2

D) 7pg - 9 > T1,r 4 » g 4a

Clearly, Firm 1’s maximum profit is bounded from above by that of the unconstrained problem. Thus, 73 <

N2 _Iy\2
(91—4—0214(1 cy) + 63(a4acl)

. We can then compare the profits under Scenarios M2 and M3.
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Scenario M4: ap, < py; < (a —1) + pr

Under this scenario, regular consumers purchase the regular variant or nothing and dedicated green consumers purchase
the green variant or nothing. Among flexible green consumers, some buy the regular variant, some others buy the green
variant, and the remaining buy nothing. The aggregate market demand is as follows: Q, = (1 — p,)01 + 2220, Q, =

(1= 22)05 + (1 — L2=Pr)p,,




The firm’s total profit can be written as follows:

Irjn%ox T = Qrpr + Qgpy — c1(Qr + Qq)
g
a9 29 ’ 9 9 ’ 9 /
= =0+ P e pepe + (01 1 (B + 02)lpy — (< + 0 )pg + (02 4 0s) + e Jpg —
s.t. pg — apr > 0,
(a—1)+pr —pg > 0.
The Lagrangean and the Karush-Kuhn-Tucker optimality conditions are:
L(pr,pg) = m 4 Ai(pg —apr) + A2f(a — 1) 4+ pr — pg]
oL _ a02 292 / _
B = =201+ ——)pr + g+ [01 + c2(61 +02)] — adi + do =0
oL N 03 02 204 03 _
oy - 20+ =g+ —gpr H (024 6:) Fa ]+ A~ A =0
Ai(pg —apr) = 0,
Xo[(a=1)+pr—pg] = 0.

e Scenario M4.1: A\ =0 and A2 =0 , , ,

Solving the above system, we have p; = azcl D= H’% However, since p; —ap; = % < 0, the solution is invalid.
e Scenario M4.2: p, = ap,

We can rewrite the demand functions as follows: Q, = (1 —p,)61,Qy = (1 — £2)(1 — 61). Thus, the objective function
has the same form as in Scenario M2. However, the optimization problem here has an additional constraint p, = ap,.
Thus, the optimal value obtained in Scenario M2 is at least as good as that under Scenario M4.2.

e Scenario M4.3: p; = (a — 1) + pr

We can rewrite the demand functions as follows: Q, = (1 —p,)(61 +62), Qg = (1 — %2)03. Thus, the objective function
has the same form as in Scenario M3. However, the optimization problem here has an additional constraint pg = (a—1)+pr.
Thus, the optimal value obtained in Scenario M3 is at least as good as that under Scenario M4.3.

Combining the analysis above, we can conclude that the decisions obtained under Scenario M2 are optimal. This

completes the proof. [ ]

B Proof of Theorem 2

In equilibrium, Firm 1 provides both regular and green variants. Firm 2 only provides the regular variant. Recall that
among the multiple price settings described in Section 3.2, only p, < py < ap, and ap, < py < (a — 1) 4+ p, guarantee the
existence of both regular and green variants in equilibrium. Thus, following our assumptions in Section 4.2, we consider
only these two price settings in our analysis.
/ 0 ! 1 o)
1. If g < 2(T191) and ¢; < c2 < 5[1+m}
We first consider the values of the lower and upper bounds of ¢2. Since a > 1, a(1 —601) + 01 decreases with an increase
in 0;. Thus, for 0 < 6; < 1, we have 1 < a(1 — 01) + 61 < a. Therefore, we have % + ;—i < %[1 + m] < % + %1

’

Thus, c2 < %[1 + 7{1(17;1”01} < (% + %1)

. ’
Sincea >1,0<6; <1,and ¢; < 2(%191), we have

(% %) B [% -(1= %)C;] =(1- 2)(:/1 >0,
(%‘%@—4—%—@+%M>%_(+%Bﬁ%m:
Thus, ¢; < (3 - éci) <[lz-(0- %)0/1] <(3+ %) <3+ a(l_gﬁ], Therefore, all the three regions, which represent

the corresponding three types of equilibria, have positive lengths.
We now consider three scenarios:
Scenario D1: p, < py < apr

Under this scenario, regular consumers only purchase regular products and flexible green consumers only purchase
green products. The aggregate market demand is as follows: Q, = (1 —p,)01,Qg = (1 — 22)(1 —61). Thus, we have

pr=1— Lrt2r iy 1's total profit can be written as follows:
’ ’ qi,r + q2, ’ P ’
q?laif T = qr(pr—c1) +Qy(pg —c1) = qur(1— 701 - - c) + (11— ;q)(l —01)(pg — c1)-
ZTHOFPg



The first-order conditions are

om @t @r c, Q@

oq1,r =1 01 ! 01 =9 (1)
Om . pgvy oy (L=0)(pg—c1)
gp, = (1= -6y - m— =0, (2)

Next we find the Hessian for m1(q1,r,pg)

_2 0
H(qi,r,pg) = 091 _ 2(1-6y)

a

Since Hi(q1,r,pg) = —% <0, H2(q1,r,pg) = (—%)(—@) > 0, the first-order conditions are both necessary
and sufficient.

_ (1 _ a1,rta2r

Firm 2’s profit is maxg, . m2 = (pr — c2)q2,r = n — ¢2)q2,r. The first-order condition is

Oma q1,r + q2,r q2,r
=1 - == _ Co — —
0q2,r 01 01

Solving (1), (2), and (3), we obtain the following solution:

l [ Regular Market [ Green Market

7 7

* 01 (1—2c; +c2) (1—61)(a—cy)
q1 3 2a

* 01(14cy —2c2)
q2 — 3 -

7 T

* 1+cy+eca a+cq

p 3 5

!
Verifying Validity: We now verify that the quantities derived above are all positive. Since C,1 < e < H;l, we

have 1 — 20/1 +ec=(1- c/l) + (c2 — 0/1) > 0, and 1+ cll —2c2 > 0. Thus, ¢7, > 0 and ¢5, > 0. Also, since
cll < H;l , we have 0/1 <1 < a. Thus, ¢7 ;4 > 0. We also need to verify that the optimal prices satisfy the constraint

’
> 0. We also have ap, — py = w

pr < pg < apr. We have py — p, =

’ ’
(3a—2)+cy —2c2 1+cq —2co
] 5 2 5
Therefore, if co > % —(1- %)cl, then we have apy > p;. Thus, the above solution is valid.

Scenario D2: p, = ap,
q1,r+92,r

The aggregate market demand is the same as that in scenario D1. We have p, = 1— = and py = ap,. Firm 1’s
total profit can be written as follows:
max w1 = qur(pr =) + Qolapg — 1) = qur(pr — 1) + (1= pr)(1 = O1)(apr — 1)
qi,r + q2,r / qi,r + q2,r qi, + q2, !
= g By (e ) g e Xy )
1 1 1
The first-order condition is
o1 q1,r +q2,r 4 q1,r (1-61) q1,r +q2,r 4 a(qi,r + q2,r)
- 19 T e — 2LT a(l — 12 ) — | - —————=2(1—-6,) =0. 4
o g = = B Lo o - Bty ) g <0 ()
Firm 2’s profit is maxg, , m2 = (pr — c2)q2,» = (1 — % — ¢2)q2,r. The first-order condition is
871'2 qi,r + q2,r q2,r
=1Lt 2r_, 5
0q2,r 01 T h (5)
Solving (4) and (5), we obtain the following solution:
| [ Regular Market [ Green Market
* 01[01—2cy +co(2a—2a601+61)] (1—91)[(0—0914—291)—03—0291]
q 2a(1=01)+30; 2a(1-07)1361
% | 61[(a—ab1+61)+c) —2c2(a—ab;+61)]
a2 2a(1_01)1307 -
% (a+61—ab1)+cq+c26y a[(a+61—ab1)+ci+c261]
p 2a(1—07)1307 2a(1-01)130;

Verifyir/zg Validity: We now verify that ‘ghe quantities derivgd above are all positive. Since cll < c¢2, we have
01 — 2¢1 + c2(2a — 2601 + 61) = 601(1 —c1) + (2 — 01)(c2 — ¢1) +2(a — 1)(1 — O1)c2 > 0. Thus, g7, > 0. Since

co < %[1 + m], we have (a —ab1 + 01) + Cll — 2¢2(a — aby + 61) > 0. Thus, ¢35, > 0. Also, since cll <1 and
c2 < 1, we have (a — aby + 201) — cll —c201 > (a—ab1+201) —1—601 =(a—1)(1 —61)>0. Thus, ¢7,, > 0.



Scenario D3: ap, < py < (a — 1) + p,

Under this scenario, regular consumers purchase the regular variant or nothing. Among flexible green consumers,
some buy the regular variant, some others buy the green variant, and the remaining buy nothing. The aggregate
market demand is as follows: Q, = (1 — p,)01 + 22222 (1 — 61),Qy = (1 — 22=22)(1 — 6y).

Recall our assumption (from Section 4.2) that the market price of the regular variant is determined by the Cournot
inverse demand function of the regular consumers. Thus, we have p, = 1 — %. Firm 1’s total profit can be
written as follows:

max  m = (g1 + 22— —0)](p — 1) + (1 = 2Py (1~ 01) (py — 1)

q1,r:Pg a—1 a—1
r+4q2,r q1,r+42,r
pg — a(l — M) Gt Qe pg — (1 — =5725) /
=g+ S )= BTy - I (1 - 01, — c1).
The first-order conditions are
q1,r+4q2,r ’
om a(l—61) qr+q.r 1 pg — a(l — 5= (1=61)(py — 1)
=M - LA — —lq1.r L 1-60,)) - ——2 22—
8(]177« [ + (a — 1)91]( 91 Cl) 91 [qL + a—1 ( 1)] 01((1 — 1) ’
(6)
om 1—6 Qe+ py — (1 — Lrtizr) 1-6
1 — 01 1,r 2,7 ! E 0 — U1 !
- = 1- = LA 1— 1 1—61)— — =0. 7
e R RO ) (1= 0) — L (py — €)) 7)
Next, we consider the Hessian for m1(q1,r, pg)
_ 2ga791) _2(1-61)
_ 02(a—1 01(a—1)
H(q1,r,pg) = 72{1&913 72?1391)
01(a—1) a—1
Since H1i(q1,r,pq) = —2§a_61) < 0, Ha(q1,r,pg) = 4§1_01) > 0, the first-order conditions are both necessary and
.5 Pg 02(a—1) s Pg 02(a—1) Y
pla— pla—
sufficient.
Firm 2’s profit is maxg, . 72 = (pr — c2)g2,» = (1 — % —C2)q2,r-
The first-order condition is
871-2 qi,r + q2,r q2,r
=1— s T _ LA O 8
042.r o1 “7 ®)
Solving (6), (7), (8), we obtain the following solution:
l ‘ Regular Market ‘ Green Market
* 01[01—2c;+c2(2—601)] (1-61)
a1 210, 2
* 0 cqi—2c
a5 1(1'2'!‘,+191 2c3) _ ,
* 1+cy+c261 (2a+af;—01)+2c;+2c201
D —ote, 2(2+61)

Verifying Validity: Since cll < cp and c,1 < 1, we have 6; — 2011 +c2(2—-61) =0.(1— cll) +(2—61)(c2 — cll) > 0.

Thus, g7 > 0. Since c2 < (% + %1), we have ¢5,. > 0. Also, gi 4 > 0.

We also need to verify that the optimal prices satisfy the constraint p, > ap,. We have pg—ap, = (a71>(921(5i211)726162) .

Thus, if ¢2 < (3 — %cll), then we have py — ap, > 0.

We consider the two interior solutions in scenario D1 and scenario D3 (given that each satisfies the corresponding
constraint) and one boundary solution in scenario D2. The equilibrium prices in these three scenarios are categorized and
validated as follows:

!’ ’
- Type L If p, < pg < apr, we have p; = Hcl%,p; = H% Under the imposed condition, [ — (1 — 2370,1)} <e <
i1+ Mﬁ], we indeed have have p; < p; < ap;.

7 /
_ (a+61—ab1)+c;+01c2 x _ a(at+61—ab1)4ac;+abica

- Type IL: If ap, = pg, we have p; = =5 =53 Py = 2a(1—61)+30;
- Type II: If ap, < pg < (a — 1) + pr, we have p; = %m; = (2“+“91;?211;12;1+29102. Under the imposed

condition, ¢; < ¢z < (3 - %c;), we have ap; < py < (a —1) + p;.

Since [ — (1 — %cll)] >[5 - %0/1]7 Type I and Type III solutions cannot both be valid. When either of these two
solutions is valid, it is straightforward to show that the valid solution is also better than the Type II solution. When
neither is valid, the Type II solution is optimal.



0 ! a ! 1 C,
2. Ifm§61<mandcl<62<§[1+m]
We have (3 — %cll) <c < 3-(1- 2%0/1)] < (%4 5%). Therefore, only the two regions corresponding to Types I and
IT equilibria have positive lengths.

’

’ ’
3.Ifﬁgcl<ﬁandcl<02<%[l+m]
a(1-601)+6; ,

We have [1 — (1 — ;’—a)c;] <e < (3 + 5%). Only the region corresponding to the Type I equilibrium exists.
This completes the proof. ]

C Proof of Theorem 3

Proof: Since each firm has two strategies, there are four possible combinations. We derive the payoffs of both firms under
each combination in the following analysis.

1. Combination (g, g): If both firms only provide the green variant

All consumers choose to buy either a green variant or nothing. The aggregate market demand is as follows:
p
Qg +q29 = Qg = (1 —pg)b1 + (1 — Zg)(l —bh).

1-91,9—92,9

Thus, pg = . The two firms face the following profit-maximization problems:

1—6
Or+—+
’
max m = (pg—C1)qig,
91,9
max 7 = (pg—c2)q2,4-
a2,g

By using the method similar to that used in the proof of Proposition 3, we obtain the equilibrium results as follows:

. 1.7 a
pg:7[61+62+ 1 ]7

3 =+ (a — 1)91

a—2c; 4o — (a— 1)(20/1 —c2)01 a+cp— 2o+ (a — 1)(0'1 — 2¢2)01

ql,g = 3a 7q2,g = 3a )
o [a — 2y + ¢ — (a— 1)(26/1 —c2)61]? o [a + ¢ — 2c0 + (a — 1)(6/1 —2¢2)61]2
te 9a[l + (a — 1)61] T 9a[l + (a — 1)61] '

We check whether the production quantities derived are positive.

- If (2¢; — ¢2) > 0, then [a — 2¢; + 2 — (a — 1)(2¢; — c2)61] reaches its minimum when 6; reaches its upper
bound 1. Thus, a — 2¢; + c2 — (a— 1)(2c/1 —c2)01 > a— 2, + o — (a— 1)(20,1 —c2)=a(l— 2, + c2). Since
co > 2c/1 — 1, we have a(1 — 26/1 +¢2) > 0. Thus, ¢i ; > 0.

- If (20'1 —¢2) <0, then [a— 2, + o — (a— 1)(20,1 — ¢2)01] reaches its minimum when 60; reaches its lower bound

0. Thus, a — 2¢; + o — (a— 1)(20/1 —c2)01 > a— 2, + 2 > (1- 2 + c2) > 0. Thus, ¢7 ; > 0.

Similarly, we can show g3 , > 0. Thus, the solution above is valid. These two firms’ profits are as follows.

pog a2t — (=12 —e)0]’ 4, late —2e+ (@ 1)(c —2e)6]
1 — - .

9a[l + (a — 1)64] 2 9a[l + (a — 1)61]

2. Combination (rg,rg): If both firms provide both regular and green variants

Under this scenario, both firms compete in both the regular and the green markets. We obtain the equilibrium
results as follows:

*:1+c,1+cz N a—&—c/l—i—cQ 91(1—2011—1—02)

Pr 3 yPg = 3 ydi,r = - 3
. 04 —20) . (1—0)(a—2¢4+e) . (1—60)(a+c; —2c)
q2,7‘ - 3 7Q1,g - 3a 7q2,g - 3a .
We have p, — p;. = % > 0. We can show all four production quantities are positive. These two firms’ profits are

as follows.

LTers _ 0:(1— 20/1 +2)? n (1-61)(a— 2c/1 +¢2)? YR 0:(1+ c/I —2¢)? N (1-61)(a+ cll — 262)2'
! 9 9a T2 9 9a

If we compare the profits under this setting with those under (g, g), we have

rg,r 91(1_01)(0’_1)2
9r9 _ 9,9 _
m ™ 91+ (a—1)01]

rg,r 61(1-01)(@-1)2
> 979 _ 99 _ > 0.
20 M = e a— 10, =




3. Combination (g,7g): If Firm 1 only provides the green variant, Firm 2 provides both regular and green variants

We now compare these two firms’ profits under this setting and those under the setting (rg,rg). First, both firms
obtain the same amount of profits from the green market under both settings. Second, Firm 1 produces the regular
variant under the setting (rg,rg) but not under the setting (g,7g). Thus, in the regular market, Firm 1 obtains
positive profit under the setting (rg,7g) but 0 under the setting (g,7g). Third, in the regular market, Firm 2
competes with Firm 1 under the setting (rg, rg) but is the exclusive supplier under the setting (g,7g). Thus, Firm 2
obtains more profit in the regular market under the setting (rg,rg) than under the setting (g,7g). Therefore, we
have the following results:

rg,T ,T
979>ﬂ_i7 g9

9,79 rg,rg
T 37 > Ty .

5 .

4. Combination (rg, g): If Firm 1 provides both regular and green variants, Firm 2 only provides the green variant

This scenario is similar to Combination (g,rg). If we compare these two firms’ profits under this setting and under
the setting (rg,rg), we have the following results:

r9,9 rg,rg rg,rg r9,9
™Y > M ,  To > w7

Now we derive the Nash equilibrium. Since we have 7797 > 79" > 79 and 779" > 7{""?  Firm 1’s dominating
strategy is rg no matter which strategy Firm 2 chooses. Similarly, we have 753%™ > 7397 and 73'"9 > 757" > 7’9, Thus,
Firm 2’s dominating strategy is rg as well. Therefore, (rg,rg) is the only Nash equilibrium. Both Firms provide both the
regular and the green variants. This completes the proof. [ ]

D Proof of Theorem 4

! !
Since ¢; , = ¢1,p and ¢; , = ¢1,s, then we have
1,p P 1,s ICE)

1—c¢ 2 1—2c1+c 2 17052 172c5+cs2
Ay — Acr = [( 1717) _ ( 1,p 2717) ](01 _ 1) + [( 1, ) _ ( 1, 2, ) ](91 _ 1)
4 9 4 9
2 2 2
Since (17;1,,,) - (17251g,+cz,p) = (HCLPJ%Z’M > 0, we have (17641’17) - (17261”5“2"’) > 0. Similarly, we have % -
2
(=Zerstezs)” > 0. Since 01 < 1, we have Ay < Acr. |

9

E Proof of Theorem 5

! 7’
If ¢;,, = c1,p and ¢; s = c1,5, then

Ace — Aum
(1= 01)(ap = 2c1p + c2,)* + (1=00)(1 —c1,p)” _ (1—61)(ap — c1,p)”
9a, 4 4a,
I (1—01)(as —2c1,s + c2,6)° n (1—01)(1 —c16)? _ (1—01)(as —c1,6)?
9as 4 das
(a) If ap =1 and as = 1, then
Ace — Ay — (1 — 61)(1 — 2617;, + 02’p)2 I (1 — 01)(1 — 201,5 + 0275)2 >0.

9 9

(b) If c2,p < c1,p and c2,s < c1,5, then

Ace — Ay < (1—91)(%—01@2+(1—91)(1—01,p)2 (1 - 61)(ap — 1)

9a, 4 4a,
+(1 - 91)((15 - 61,5)2 + (]. - 91)(1 - 01,5)2 - (1 - 91)(613 - 01,5)2
9as 4 das
1-6 1-6
= g[(—Sai + 9ap) — 8apcip + (9ap — 5)cip] + Q[(—&zi + 9as) — 8asci,s + (9as — 5)6%,5]
36ap 36as

If a, > 2, then (—5aj + 9a,) < 0. Since 1 > c¢1 5, we have

1-6
o 00502 + 9a,) — Saper + (90, — 5)ck,)
P
(1—6,) ) ) ) 5 —5(1 = 61)(ap — 1)°cT,
W[(_S% +9ap)ci p — 8apct p + (9a, — 5)cy ] = 36a: £ <o.

Similarly, we have %[(—5&3 + 9as) — 8asci,s + (9as — 5)035] < 0. Therefore, we have Ace < A



F Proof of Theorem 6

/ ’
If ¢y, = c1p, and ¢; 5 = c1,s, then we have

Acc — Acr
= (1- 91)[(‘117 —2c1p + 62717)2 _ (ap — Cl,p)2 + (1—2c1p + C2,p)2]

9a, 4ap 9
2 2 2
(as - 261,3 + CQ,S) (as - Cl,s) (1 - 261,5 + CQ,S)
+(1-61)[ - + ]
9a 4a, 9
a(ap72csla7p+c2,p)2 ( ) N Yapt2 ) ( ) N )2
. a ap—2acC C! a c —C ap—zaC C . . . .
Since o = SR TLp TRl eI p 20 > (), then “SE——: 2222 increases with an increase in a,. Thus,
P o P

for a, > 1, we have

(ap — 261,p + C2,p)2 > (]- B 2C1’P + szP)Q
9a, - 9 .
Therefore,

(ap —2c1p + CZ,p)Q . (ap — Cl,p)z + (1—=2c1p + CQ,p)2 < 2(ap —2c1,p + C2,p)2 _ (ap — Cl,p)z‘

9a, dap 9 - 9a, 4ap

Since ¢z, < c1,p, we have

2(ap — 2c1,p + 02,1))2 _ (ap — Cl,p)2

9a, 4ap

< 2(ap — Cl,p)Q _ (ap — Cl,p)2 _ —(ap — Cl,p)2 <0
9a, 4ap 36ap '

(as—2c1 stca,s)? _ (as—c1,s)? + (1—2¢1,s+ca,5)?

T o 5 < 0. Thus, we have Acag < Acr. [ ]

Similarly, we can show

G Proof of Theorem 7

’
(1—61)(ap—cy )2 , ,
O wa,  — _ (1-61)(ap—cy p)apter,
dayp - 8sz7
’ /
(1=0)(ap=e1p)” o (A=01)(R=e1p)®
8ap - 16
’ ’ ’
01(2—¢y ,—c2 p)? + (1-01)(2—¢y ,—c2,p)?  (2—cy ,—c2p)?
18 18 - 18 ,
2
(271:17?72(:24,)2 < (2—0171,—2‘32,17)
18 = 18

RY:]
(1—61)(ap—cy )
8ap

!
(1*01)(2*01,;)*02,17)2
18

Since ) > 0, we have

increases with an increase in a,. Thus, for

o2
(1—01)(ap—cy.,)
8ap

! 2
61(27c1,p7027p)

18 +

ap > 2, we have . Therefore, >

ARV
(1-61)(ap—cy )
8ap

7
61(2—c —c2, )2
. Thus, we have Le_—P 4

’
Since ¢y, < c1,p, We have >

2 7(;/ —co.5)? - asfc, 2 —c1. s—c2.5)? 76’ —c 2
(2_61,;i8_62,p) . Similarly, we have 01 (2 11,2 2,s) + (1 91)(8as 1,s) > (2 1,518 2,s) . Thus, WéR—WéR _ 01(2 li}é 2,p)
- a 78’ 2 7C/ —co ) — agfc/ 2 — — 2 — —c 2
¢ 91)(8;; Lp) + 612 11"; 2,2) S 91)(&;5 Le)” @ Cl”ig czp)” _ (2 Cl’ig °2.5) > 0. This completes the proof. ]
H Proof of Theorem 8
e Since ap =2, as = 2, Cll,p =c1,p, and Cll,s =c¢15, we have W&g > W&5 from Theorem 7.
olfa,=2, cllyp = c1,p, we have
01(1—21p+2p)”  (L=00)(ap —c1,)"  (L=2e1p+c20)”
9 4ap 9
Or(1—2c1,p +c2)°  (1=01)2—c1p)* (1 —2c1p+c2p)°
= + —
9 8 9
_ (1-0)@-—ay)? (=000 -2c,+e,)"  1-0)2—c1p)”  (1—01)(1—2c1,+c2p)°
8 9 - 8 8
1-0 1-0
- Ble-an-0-20,+ el = S50 1 a, - a)B =30, o) >0
—c, c52 - aq—c/\Z —92¢q ateo )2 _
Similarly, we have fid-2 15;5+ 2e) + a 91)(4(;5 el _ (-2 1’§+ = >4 gel) [(2—c1,5)° = (1 = 2c1,6 4+ c2,5)7].

Since K = %[(2 - c1p)? — (/1 —2¢1p +c2)%] + %[(2 —c1.5)? — (1 = 2¢1,5 + ¢2,5)?], we have Acg > 0.

e Sincea, =2,as =2,¢1, =Cl.p, Cis = Cl.s, We have
P ) y “1,p ,py Ll,s IR

6l —c,) | (=)@ —a,)’  (-ep)? | 6l-c.)’ (=6 =) (1-crs)?
Au = 4 + 4a, - T 4 + 4a, -1 K
_ 01— cy)? | 1-60)2—cp)? (L—cyp)? | 6(l-cs)’  (1-0)2—-cs)® (1-cas)?
- 4 + 8 T 1 * 8 1 K
(1—61) (1—61)

= 2= cp)® — 201~ )] + (2= c1s)® = 2(1 = 2¢1.0)%] - K.

8 8



Since K = U12((2 — 1) — (1 — 2c1,p + 25)?] + S22 [(2 — ¢1,6)% — (1 — 2¢1,5 + c2,5)%], we have

Ay = 4= 91 [(1=2c1p+cop)®—2(1—ci1p)?]+ 7“;91) [(1—2c1,s +c2,6)> —2(1 —2¢1,5)°]. Since cap < c1p, c2,5 < C1,s,
we have

(1-1061)

Av = (=201 +e2p)” = 2(1 —e1p)] + %[(1 —2c1,6 + c2,5)” = 2(1 — 21,6)”]
< B0 -0, 4 ) - (- e+ B0 - 200 4 ) (1= 200,
_ - 91)(6824’ =) (1 Z 901, 4 eny) + (L—erp)] + L 91)(682’5 =) (1~ 91 4 en) + (1 - 201.0)] < 0.
The result follows. |

I Proof of Theorem 9

We first compare the prices of the regular variants of Product P before and after the implementation.

7 ’
b o« l1tcpte, lH+cy,tcep cap—ciy,
Pryp = Prpp = 3 - 3 - 3

Since c1 » < c1p, we have 8 » — Prp > 0. Next, we compare the prices of the green variants of Product P before and after

the implementation.

l !
b o _ Gptcap GptCipteap  ap— 201, +C2p >0
Pgp —Pgp = 2 3 = 6 .

Similarly, for Product S, we have p?,, > pf, and pl, > pg.. Since pl, > plp, php = P, Pl = Ph, and phe > p,
then we have Wes > Wiq. [ |

J Proof of Theorem 10

e Since ¢, » = Clp, c1 « = 1,5, then from Theorem 9, we have W&q > Wiq.

elfa,=1,as=1, clp—clp,cls—cls,wehave

01(1 = c1,p)? L 1=0)d - cp)?  (L—cp)® | (1l —cis)? L 3= - cs)?  (L—cs)?

Ay = -K=-K<O0.
M 1 1 TR 1 1 1 <

e We also have

01 —2¢1, Feap)? (L= 01)(ap —2¢1, +cap)? 01(1— 21y + Cap)’

Aceg = + —
9 9a, 9
01(1 — 201,5 +e2s)?  (1—01)(as — 20,1,5 +c2,5)? 01(1 — 2¢1,5 + ca,5)2
+ — - K
9 9as 9
_ (-6 -2c1,+ c2.p)? N (1=01)(1 = 2c1,s +c26)* K
9 9
2 2
Since K < “791)(172961”’“2"’) + (1701)“72961’5“2’5) , we have Acg > 0.

This completes the proof. ]



