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In this online appendix, we present the main model’s analysis and proofs, and leave the analysis
and proofs of the model with discount pricing and extensions to the online supplement (available in an

unabridged memo at https://ssrn.com/abstract=3888378).

OA1 Benchmark Case Without BYOC

In this section, we provide the analysis about the benchmark case in the absence of BYOC. Note that
this model can be applied to the following two scenarios: (i) There is no consumer considering engaging
in BYOC; (ii) the firm does not accept BYOC. Under both scenarios, everyone in the market uses the
firm-offered disposable packaging to buy and consume the product. As a result, we can obtain the

equilibrium outcome for this benchmark case as shown in Lemma [OA.]]

Lemma OA.1. Without BYOC, there exist thresholds A° = min(v+(#:g;cﬁe)_cg’ (1—6)(v+lé;;:+ﬂe)—cb))

and C° = B(v + (pugg + pe)) + (1 — B)ep such that the firm’s optimal strategy (p°,k°,m°) is as follows.

o [fa < A°, then p° =wv, k° =Db and m° = n;

o Ifa> A° then
— If cg <C°, then p° = v+ (ugg + pe), k° = g and m° = ps;

— If cg > C°, then p° = v+ (ugg + pe), k° =b and m°® = ps.

First, Lemma [OA.1] shows that the silent green strategy is always dominated by the other three
strategies, since it causes a higher cost but does not have any positive impact on the revenue. As for the
remaining three strategies, when the size of eco-conscious consumers is small (i.e., @ < A°), the firm does
not need to make green claims (i.e., k° = b and m° = n). When the size of eco-conscious consumers is
large (i.e., & > A°), the firm should make green claims (m° = ps) to charge a higher price and extract
more surplus from eco-conscious consumers. Furthermore, if the cost of green packaging is large (i.e.,
cg > C°), the firm chooses to use the greenwashing strategy (i.e., k° = b and m° = ps) to save the cost.

Otherwise, it should offer the green packaging (i.e., k° = g and m° = ps) to consumers.

OA2 Equilibrium Outcomes

Lemma OA.2. For the base model where the firm accepts BYOC, there exist thresholds A1, As, Cq, Co,
Hy, Hy, Ey such that:



o If gr < pqg,
— Ifa< Ay, then p® =v, k> =b, m? =n.
— If a > Ay, then
x If cg < C1, then p* = v + (ugg + pe), k* = g, m® = ps.
x If cg > C1 and h < Hy, then p® = p1, k> =b, mb =n.
x If cg > C1 and h > Hy, thenp = v+ (ugg + pe), kb = b, mb:ps,
o If gr > pqg,
— Ifa < Ay, then p® =v, k> =b, m? =n.
— If a > Ay, then
x If cg < Oy, then p* = v+ (ugg + pe), k" =g, m® = ps.

x If cg > Co and h < Ho,
. Ife < E;i then p® =p1, k> =b, m? =n.
- Ife> Ey, then p® = py, k? =g, m® = ps.
x If cg > Co and h > Hs, thenpb:v+(qu+ue), k* =b, mb = ps.
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Lemma OA.3. There exists a threshold SY¢ such that the firm accepts BYOC if and only if s < S¥°.

Under this condition,
o If qr < pgg:
— If f < F1 and cg < min(C3,Cy), then p** =v + (¢g +€), k =g, m = pc.
— Otherwise, the firm never adopts the certification, and therefore the equilibrium outcome is

giwven in Lemma [OA 2

* If ngg < qr < qg
— If f < Fy and cg < min(C3, Cs, Cg), then p*® =v + (gg +€), k =g, m = pc.



— Otherwise, the firm never adopts the certification, and therefore the equilibrium outcome is
gwen in Lemma [OA.2
* Ifgr > qg:
— If f < F5 and cg < min(C7,Cs, Cy, Chp), then p’ = v + (gg +€), k = g, m = pc.
— FElse if f < F3, then p* =ps3, k =g, m = pc.

— Otherwise, the firm never adopts the certification, and therefore the equilibrium outcome is

given in Lemma [OA.2
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Fs = [a (p3—8)(v+}(lqr+e)—p3) — wb]+,

p3 = max(v+ (qg +¢€), min(w, v+ (qe+€))), y2,y3,ya are defined in Lemma and 7 is the

optimal expected profit in the base model.

Lemma OA.4. There exists a threshold S™¢ such that the firm accepts BYOC if and only if s < S™¢.
Under this condition,
® Ifqr < qg
— If f < Fy and cg < min(C3,Ch1), then p™ =v + (gg +€), k™ =g, m™ = pc.
— Otherwise,
x If a > As, then p™¢ =p1, kK¢ =b, m™¢ =n.
x If a < As, then p¢ =v, k"™ =b, m™° = n.
° If g > qg
— If f < F5 and cg < min(C7, Ch9,C12), then p™ = v + (gg + €), k"¢ =g, m"™° = pc.
— Else if f < Fg, then p™¢ = p3, k™ =g, m™¢ = pc.
— Otherwise,
x If o> As, then p™° = p1, k™ =b, m™¢ = n.
x If o < Az, p"¢ =wv, k™ =b, m™¢ =n.
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OA3 Parameter Values in the Numerical Study

The parameter values used in our numerical calculations are chosen with the intention of representing
typical market settings with BYOC consumers. Here, we present evidence to support the selection of

certain key parameter values.

e «: According to IBM (2020)), 40% consumers are considered as purpose-driven consumers and think
that sustainability is very important for them. In addition, 50% of consumers rank sustainability
as a top 5 value driver as their purchase criteria (Simon-Kucher & Partners, 2021)). Specifically,
as for the consumer goods, 25% of consumers think that sustainability is extremely important for
them in their purchase decision (Simon-Kucher & Partners, 2021)). It is also reported that 55%
of U.S. consumers are extremely or very concerned about the environmental impact of product

packaging (McKinsey & Company, [2020). Therefore, we choose « to be around 0.4.

® (b, gg and ¢p: If g is normalized to 0, we can think of ¢g (resp., ¢r) as the relative difference
between the environmental impacts of the brown disposable packaging and the green disposable
packaging (resp., reusable packging). Thus, ¢, = 2—‘; — 1, k € {g,r}. Based on the real data of
environmental impact we collected (i.e.,Foteinis (2020); Greenwood et al.[ (2021);|Changwichan and

Gheewala/ (2020); |Costa Coffee (2022)), an upper bound of 3 for gg is appropriate, while an upper

bound of 7 for ¢, is appropriate.

In addition, while we choose the other parameter values, we tend to make sure that BYOC consumers

in equilibrium account for less than 40%. In particular, among all the numerical results, the proportion

min((qrqp)J“7(v;(qr+ep)fp)+7h)

of BYOC consumers among the total population (« in the model without

min((fw“’+(‘1r*£1p))+7(1;1+(Qr+€p)+§wwfp)+vh) +(1—a) miﬂ(wv(ﬂ'*}‘;)—P)Jrah') in the model with

discount pricing and «
discount pricing) ranges from 5.71% to 22.67%; this aligns with real-world observations: For example,
according to the public polling Hubbub and Starbucks commissioned in 2019, 17% of people use their
own reusable cup every time they buy a hot drink (Packaging European, 2021). Kearney| (2020) find
that 20% of survey respondents have brought reusable container to restaurants in the past 12 months.
Moreover, Simon-Kucher & Partners| (2021) find that the fraction of consumers who have significantly
changed their purchasing behavior to be sustainable varies across different countries, from 6% in Japan

to 44% in Brazil.



OA4 Proofs for the Main Model

We make the following assumption to rule out unrealistic or uninteresting cases: (Al) v > ¢, — (ugg + pe). Note
that (A1) rules out the case where all strategies have a negative profit in the benchmark case without BYOC.
Proof of Lemma When there is no BYOC, the firm has four potential strategies to choose from:

(0.1) Silent brown strategy (kK = b, m = n). Under this strategy, both types of consumers have the same utility:

Ue = Uy, = v — p. Then, the firm sets price at p = v and the corresponding profit is 7w(o.1) = v — ¢p.

(0.2) Vocal green strategy (k = g, m = ps). Under this strategy, we know u. = v+ (ugg + pe) —p and u, = v —p.
Then, the firm will set price at p = v + (1gg + pe) and the profit is w(0.2) = a(v + (ugg + pe) — cg). Note

that if the firm sets price at p = v, it is always dominated by the silent brown strategy.

(0.3) Greenwashing strategy (k = b,m = ps). Similar to vocal green strategy, the firm sets price at p =
v+ (pgg + pe) and the profit is m(0.3) = (1 — B)a(v + (ugg + p€) — cb).

(0.4) Silent green strategy (k = g, m = n). Under this strategy, we know u. = u,, = v — p. The firm sets price at
p = v and the profit is @ = v — cg, which is dominated by the silent brown strategy.

Let C° = B(v + (ugg + pe)) + (1 — f)ep and A° = min(max(w(:q;fﬂe)—cg,o)’ (175)(U+’E;;;+#6)7Cb)). Then, we can

conclude that:

o If a < A°, the firm should choose the silent brown strategy and set price at p = v.

o If > A°
— If ¢g <C°, the firm should choose the vocal green strategy and set price at p = v + (ugg + pe).

— If ¢g > C°, the firm should choose the greenwashing strategy and set price at p = v + (ugg + pe).
Then, we can arrive at Lemma Note that the optimal expected profit in this benchmark case can be

expressed as 7° = max(m(o.1),m(0.2),7m(0.3)).

Proof of Lemma If the firm allows BYOC, the possible optimal strategy is as follows:

e Silent brown strategy: under this strategy, a fraction 4= of eco-conscious consumers prefers the BYOC option.
The firm has the following two pricing options:

(b.1) Sell to all consumers at price p = v. Then, the corresponding profit is 7(b.1) = (1 — a9 )(v — cp) +
af(v—s)=v—cp+af(cp—s)
(b.2) Sell only to eco-conscious consumers who use their own reusable packaging. Then, the firm’s profit

maximizing problem is:

U+Qr_p
h

st.v—p<0=p>w

max (p — s)«a

v+g—p=>20=p<v+q

v+ —p<h=p>v+q —h

Then, the optimal price is p = p; = max(v,min(%,v + ¢r)) and the corresponding profit is

m(0.2) = (p1 — s)at=pL,



Note that 7(b.2) > 7(b.1) only if v — gr < 8 <V + @

e Vocal green strategy: note that eco-conscious consumers might engage in BYOC behavior only if ¢ > ugg.
Then, if g < ugg, it is the same as the benchmark case without BYOC. If ¢, > pigg, the firm has two pricing
options:

7(%_};%) of eco-

(b.3) Sell to all eco-conscious consumers at price p = v + (ugg + pe). Then, a fraction
conscious consumers will choose to engage in BYOC, and the corresponding profit is 7 (b.3) = 7 =
(v + (pgg + pe) — cg + L) (cg — 5))

(b.4) Sell only to eco-conscious consumers who choose to use their own reusable packaging. Then, the firm’s
profit maximizing problem is:

v+ (qe + pe) —p
h

s.t. v+ (ugg + pe) —p < 0= p > v+ (ugg + pe)

max (p — s)«a

v+ (g +pe) —p>0=p<v+ (g + pe)

v+ (g +pe)—p<h=p>v+ (g +pe)—h

Then, the optimal price is p = p» = max(v + (ugg + ue),min(w,v + (¢ + pe))) and the
corresponding profit is w(b.4) = (py — S)QW.

Note that 7(b.4) > m(b.3) only if v + (2ugg + pe) — g < s < v+ (gr + pe)

o Greenwashing strategy: note that eco-conscious consumers might engage in BYOC behavior only if ¢» > 1gg.
Then, if ¢ < ugg, it is the same as the benchmark case. If ¢, > jigg, the firm has two pricing options:
(b.5) Sell to all eco-conscious consumers at price p = v + (ugg + pe). Then, the corresponding profit is
m(b.5) = (1 = B)a(v + (ngg + pe) — cp + 5% (¢, — 5)).
(b.6) Sell only to eco-conscious consumers who use their own reusable packaging. This case is always dom-
inated by the vocal green strategy, since it does not help the firm save packaging cost but results in

additional loss once greenwashing is detected.

e Silent green strategy. Note that this case is always dominated by silent brown strategy since the silent
green strategy gains the same revenue as the silent brown strategy but incurs a higher packaging cost (i.e.,
cg > Cp).

Next, we summarize the equilibrium outcomes.

First, if ¢ < pgg, the firm needs to choose from the following options: b.1, b.2, 0.2, 0.3. Recall that

_ o (p1=s)(v+gr—p1)
7(b2) = @ @=)te—p)

(P1=5)(v+gr—p1) : .
e Ifh < max(v+(qu+pe)1fcg,(lfﬂ)(’ui(qu#»ue)fcb))’ then strategies 0.2 and 0.3 are dominated by strategy b.2.
- Ifa> (p1*5)(v+qrvfipf?7q7r(c 5’ then £’ = b, mb = n, pb = HlaX(U, %)
R h \Cb

— Else, k> =b, m? =n, p® = 0.

(p1=5)(v-Hgr—p1) s :
o If h > max(v+(;tqg+uf)l_cg7(1_%)(541_(qu+“€)_%)), then strategy b.2 is dominated by strategies 0.2 or o.3.
. v—c b _ b _ b __
oS ST o —es (B g Fae) e~ Je(ep s WHeR K7 = b, m?” =m, p” = v.
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B e e gy o ) R P e o)’ then
* If cg < (1—p)en + B(v+ (pgg + pe)), then kb =g, m’ =ps, p’ = v+ (ugg + pe).

* If cg > (1 — B)ew + B(v + (gg + pe)), then k¥ = b, m® = ps, p* = v + (ugg + pe).
Second, if ¢r > 11gg, the firm needs to compare strategy b.1, b.2, b.3, b.4, and b.5.

Recall that 7(b.4) = o L2=2)0tlatue) =p2) -y jot
((pl—S)(l;:rqr—pl) (p2— s)(v+(gr+ue) p2)7(1—/3’)(v+(

Y4 = max w(

[qg + p€) — cp + b — S))) and yz = max(ys, v+
(1qg + pe) — cg + (gr— Mg)( cg — ).

[ Ifoz§%,thenkb:b,mb:n,pb:v.

o Else,

_ If < v — (ar— qu)s ya h kb _ _
Cg S —  “wmg — then g, m" =ps, p" = v+ (kg + pe).
h
— Else,
x If h > (1=B)(v+(uge+pe))—ce then kb = b, mb = ps, pb —

max((p1—s)(v+qr—p1),(p2—5) (v+(gr+pe)—p2))—(1—5) (¢r —11qg ) (cb—5)
v+ (ugg + pe).
x Else,
- If (p2 — 8)(v + (g + pe) —p2) > (p1 — s)(v + g — p1), then k* = g, mb = ps, p* = po.

- Else, k® = b, m® =n, p® = p;.
Summarizing the above discussion, we can arrive at Lemma Note that the optimal expected profit in

the base model can be expressed as:

. max(m(b.1),7(b.2), w(0.2), 7(c.3)), if ¢r < pgg

max(m(b.1), 7(b.2), 7(b.3), w(b.4), 7(b.5)), if ¢r > p1gg.

where 7(0.2) and m(0.3) are defined in the proof of Lemma [OA 1] O
Proof of Lemma If the firm adopts certification, there are two cases:
o if gr < gg, then no consumer chooses to engage in BYOC. And the pricing strategy is as follows:
(ve.0) Set price at p = v + (gg + €) to sell to all eco-conscious consumers and the corresponding profit is
m(ve.0) = (v + (gg + €) — cg) — f. Note this this is also the profit for certified green strategy when
BYOC is not allowed.
o if ¢ > ¢g, then a fraction % of eco-conscious consumers prefer to use their own reusable packaging.
Then, the firm has two possible pricing options:
(ve.1) Sell to all eco-conscious consumers at price v + (gg + €). Then, the corresponding profit is m(vc.1) =
v+ (gg + ) — e + T (cg — ) — f
(ve.2) Sell only to those eco-conscious consumers who use their own reusable packaging. Under this case, the

firm’s profit maximizing problem is:

e Ws)“%‘ f
st.v+(ggt+e)—p<0=>p>v+(gg+e)
v+ (g t+e)—p>0=p<v+ (g +e)

v+ (gr+e)—p<h=p>v+(+e)—h



(v+(qr2+e)+s’v_|_(

Then, the optimal price is p = p3 = max(v+(gg+e), min gr—+e))) and the corresponding

profit is w(vc.2) = a(prs)(v%qﬁe)*ps) - f.
When the third-party certification is available, we denote 7y as the optimal expected profit if the firm does not
allow BYOC, and m,. as the optimal expected profit if the firm allows BYOC. Then, g = max(7°, m(vc.0)).
Furthermore, 7, = max(n®, 7(vc.0)) if ¢ < gg; and 7, = max(r?, w(ve.1), w(ve.2)) if ¢ > gg. Since m,. is weakly
decreasing in s and 7 is independent of s, we can find a threshold S¥¢ such that m,. > mg if and only if s < §¥¢.
Next, we analyze the possible optimal strategy when s < §¥¢ such that the firm allows BYOC.
o If gr < ugg, the firm will choose the optimal strategy from the following options:
— certified green strategy (vc.l): k = g, m = pc, p = v + (¢g + €). The corresponding profit is
T=o(v+(¢gg+e)—cg)— f.
— keeping the choice same as the base model. Recall that the optimal expected profit in the base model
is 7% = max(7(b.1), 7(b.2), 7(0.2), 7(0.3)).
o If uge < gr < qg, the firm will choose the optimal strategy from the following options:
— certified green strategy (vc.l): k = g, m = pc, p = v + (¢g + €). The corresponding profit is
T=a(v+(gg+e)—cg)— f.
— keeping the choice same as the base model. Recall that the optimal expected profit in the base model
is % = max(7(b.1), 7(b.2), 7(b.3), w(b.4), 7(b.5)).
o If ¢ > gg, the firm will choose the optimal strategy from the following options:
— certified green strategy (vc.l): k = g, m = pc, p = v + (¢g + €). The corresponding profit is
T = a(v+ (gg +e) — g+ UG cg — )~ f.

— certified green strategy (vc.2): k =g, m = pc, p = p3 = max(v+(gg +e), min(w7 v+(gete))).

The corresponding profit is m = a(prs)(”ﬂ(bqﬁe)*pg) - f.

— keeping the choice same as the base model. Recall that the optimal expected profit in the base model

is 7° = max(m(b.1), 7(b.2), 7(b.3), w(b.4), 7(b.5)).
Comparing the above cases, the results are summarized in Lemma[OA.3]l Since the profit of vocal green strategy is
strictly decreasing in f and 7° is independent of f, we first use f as the condition; furthermore, given the constraint
of f > 0, we also add the cg condition in Lemma to ensure the f thresholds (i.e., F; and Fy) are greater
than 0. O

Proof of Lemma Under the regulation, both vocal green strategy and greenwashing strategy are not
available. Let 7 denotes the optimal expected profit when the firm does not allow BYOC, and 7, denotes
the optimal exptected profit when the firm allows BYOC. Then, ) = max(mw(o.1),7(vc.0)). Besides, mme =
max(m(b.1), m(b.2), m(ve.0)) if ¢ < gg, and e = max(m(b.1), m(b.2), w(ve.l), w(ve.2)) if g > gg. Since mp is
weakly decreasing in s and 7, is independent of s, we can find a threshold §™¢ such that m,,. > 7, if and only if
s < 8™me,

When s < 5™¢, the firm compares the silent brown strategy and certified green strategy.

o If gr < gg, the firm will choose the optimal strategy from the following options:

8



— k=g, m=pc,p=v+(gg+e). The corresponding profit is 7 = a(v + (¢gg + €) — cg) — f-

— k=b, m=n, p=wv. The corresponding profit is 7 = v — cp + % (cp — )

— k=Db, m =n, p=p; = max(v, min(”‘"‘éir‘*'s, v+¢y)). The corresponding profit is 7 = (p; — s)oz”'*'q”T_pl

o If gr > gg, the firm will chooses the optimal strategy from the following options:

— k=g, m=pc, p=uv+(gg +e). The corresponding profit is 7 = a(v + (¢gg +€) — cg + %) —f.

(M, v+ (¢ + ¢))). The corresponding profit is

-k =g, m=pcC,p=p3 :max(v+(qg+e),min
(p3—s)(v+(gr+e)—p3) f.

™= A

— k=Db, m=mn, p=wv. The corresponding profit is 7 = v — cp + 4= (cp — s)

V+qrts

— k=b,m=n, p=p; =max(v, min(*L= v+q,)). The corresponding profit is 7 = a%}w.

Comparing the above cases, the results are summarized in Lemma [OA.4] O

Proof of Proposition When the firm does not allows BYOC, according to the proof of Lemma [OA.1]
the profit 7° = max(m(o.1),7w(0.2),7w(0.3)) is independent of s. When the firm allows BYOC, according to the
proof of Lemma if ¢ < pgg, its profit is 7° = max(w(b.1), m(b.2),7(0.2),7(0.3)); if ¢ > pqg, its profit
is 7 = max(n(b.1),7(b.2),7(b.3),7(b.4),7(b.5)). Then, 7° is weakly decreasing in s. Therefore, there exists a

threshold S? such that 7 > 7° if and only if s < S?. We can define Z;(s) = [x® — 7°]*, then we have

S? = min{arg min 7, (s)}

In this way, we arrive at the first part of Proposition [l Furthermore, it is easy to find that ¢, < S? < v + ¢,
always holds. Specifically, if s < ¢p, it always helps the firm save the packaging cost and the firm should always
allows BYOC; if s > v + ¢, the firm always obtain a negative profit when allowing BYOC.

Note that 7 is also weakly decreasing in h while 7° is independent of h, then Z; is weakly decreasing in h.
Hence, we know % = —% / % <0, then S? is weakly decreasing in h.

Next, we prove Proposition (1)

In the case without BYOC, if the firm does not engage in greenwashing, there are only two cases:

(i) The firm adopts silent brown strategy. According to the proof of Lemma we have 7(0.1) = v —¢p >

(1 - PB)a(v+ (ngg + pe) — cp) = m(0.3). When the firm allows BYOC,

— If ¢v < pgg, the profit of greenwashing strategy is still m(0.3), which is smaller than silent brown

strategy.

— If ¢ > pgg, according to the proof of Lemma the profit of greenwashing strategy is w(b.5).
Furthermore, we know m(b.5) = (1 — 8)a(v+ (ugg + pe) —cp + %(cb —35)) < (1—-B)a(v+ (ugg +
pe) —cp) + ad(cp —5) < v —cp +af(cp —s) = 7(b.1) < max(n(b.1),7(b.2)). Then, the profit of
greenwashing strategy is still smaller than silent brown strategy.

Therefore, the firm never changes to use the greenwashing strategy.

(ii) The firm adopts vocal green strategy. According to the proof of Lemma we have 7(0.2) = a(v+
(ugg + pe) — cg) > (1 — B)a(v + (ugg + pe) — cp) = m(0.3). When the firm allows BYOC,
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— If g < pgg, the profit of greenwashing strategy is still 7(0.3), which is smaller than vocal green strategy.

— If g- > pgg, according to the proof of Lemma we know 7(b.5) < (1 —fB)a(v+ (pugg + pe) — cp) +
a%(cg —5) < a(v+ (uge + pe) —cg) + a%(cg —8) = m(b.3) < max(w(b.3),m(b.4)). Then,
the profit of greenwashing strategy is still smaller than vocal green strategy.

Then, the firm never changes to use the greenwashing strategy.
To sum up, if the firm does not engage in greenwashing when there is no BYOC, it will not engage in greenwashing
when it allows BYOC. And we can conclude Proposition i).

Finally, we prove Proposition (ii).

In the case without BYOC, if the firm chooses to engage in greenwashing strategy, then we must have
m(0.3) = (1 — B)a(v + (1gg + pe) — cp) > max(v — cp, (v + (pgg + pe) — cg)) = max(m(o.1), 7(0.2)).

When the firm allows BYOC, according to the proof of Lemma [OA.2]

o If ¢, < pgg: Recall that the firm is willing to accept BYOC if and only if max(m(b.1),7(b.2),7(0.3)) >
7(0.3) & s < 8?, then S? = +o0 since max(n(b.1), 7(h.2), 7(0.3)) > 7(0.3) always holds. Under this condi-
tion, the firm will stop greenwashing if and only if it changes to silent brown strategy, i.e., max (7 (b.1), 7(b.2)) >
m(0.3). Note that max(w(b.1),m(b.2)) is slightly decreasing in s, while 7(0.3) is independent of s. Then,
there exists a threshold S5 such that max(7(b.1), 7(b.2)) > m(0.3) if and only if s > S5. Specifically, we can
define Z5(s) = [max(mw(b.1),7(b.2)) — 7(0.3)]" if ¢ < ugg, then

SY = min{arg min Z(s)} if gr < pgg

b
Therefore, S§ < S? always holds. Furthermore, similar to the proof about Z;(s), we can find that % =

—% / % < 0. Therefore, S is weakly decreasing in h.

o If gr > ugg, then there are some eco-conscious consumers engaging in BYOC for any strategies. Under this
case, the firm is willing to accept BYOC if and only if max(w(b.1), w(b.2), m(.3), w(b.4),7(b.5)) > 7(c.3) &

s < S

Recall that (b.1) and (b.2) are silent brown strategy, (b.3) and (b.4) are vocal green strategy, and (b.5) is
greenwashing strategy. Furthermore, max(w(b.1),7(b.3)) — 7(b.5) = max(v — ¢ — (1 — B)a(v + (gg + pe) —
w) + §186e + (1= B)ngg)(co — ), a[B(v+ (nag + pe)) = cg + (1= Bew] + 729 eg — 5 — (1= ) (e~ 5)))

is strictly decreasing in s. Then, we define
S1 = min{arg min[max(r (b.1), 7(b.3)) — m(0.3)]*}
Sz = min{arg min[max(r (b.2), 7(b.4)) — m(0.3)]*}
S3 = min{arg min[m(b.5) — m(0.3)]"}
S4 = min{arg Insin[rnax(w(b.1)7 7(b.3)) — 7(b.5)] 7}

Therefore, S? = max(S;, Sz, S3). Note that the firm will change to use silent brown strategy or vocal green

strategy if max(m(b.1), 7(0.3)) > max(n(b.5),7(0.3)) < s < min(Sy, Sy).
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Let S8 = min(S, S4). Therefore, the firm will stop greenwashing if s < S%. Furthermore, we know
St = min(Sy, S4) < max(Sy, Sz, S3) = Sb.

We can also define Z5(s) = [max(r(b.1),n(b.3)) — max(m(b.5), w(0.3))]" if ¢r > pgg. And we can rewrite
Sb in the following way: S§ = min{arg msin Zo(s)} if gr < pgg. Then, it is easy to find that Z, is weakly

. . ds? 975 107 . b . .
decreasing in h. As aresult, we know —2 = — 532 /%2 < 0, i.e., &) is weakly decreasing in h when ¢y > p1qg.

Therefore, we can conclude Proposition ii). Furthermore, we know S} is weakly decreasing in h.

Proof of Proposition First, in the benchmark case without BYOC, if the firm chooses to offer brown
disposable packaging, including silent brown strategy and greenwashing strategy, we know that ¢ = ¢, = 0 < €°
always holds. Then, we can prove the result in Proposition i).

Therefore, € < £° can hold only if the firm chooses vocal green strategy in the benchmark case without
BYOC. According to Lemma [OA.T] in the benchmark case without BYOC, the firm chooses vocal green strategy
if and only if o > A° = W and c¢g < C° = B(v + (ugg + pe)) + (1 — B)cp. Then, we have €° = gg.

When the firm allows BYOC, according to Proposition |1} given that the vocal green strategy chosen in
the benchmark case without BYOC, the firm never changes to use greenwashing strategy, therefore, the firm will
choose to either keep the vocal green strategy or change to use silent brown strategy.

o If g» < ngg, according to the proof of Lemma there are three possible strategies: b.1, b.2 and o.2.

Note that if the firm still uses the vocal green strategy (i.e., strategy o.2), there is no BYOC and the average

environmental quality has no change, i.e., ®

= qg = €°. However, once the firm changes to use strategy b.1
or b.2, we find that €* < ¢, < gg = €° always hold. Therefore, we just need to show the condition such that

the firm changes to use silent brown strategy, i.e., max(w(b.1), w(b.2)) > m(0.2).
— If cg > v+ (pugg + pe) — w, which means strategy o.2 is dominated by strategy b.2, then
the firm always changes to use silent brown strategy. Under this case, we do not need a condition over

@, then we can say that the average environmental quality decrease if o < A5, where A} = 400 > A°.

— Else, the firm will change to use the silent brown strategy if and only if w(b.1) > 7(0.2) & a < A,

b _ V—Cp o
where A3 = T ida ) e =T (ens) > A°.

Specifically,

— If v+ (ugg + pe) — w < C°, then given the precondition ¢g < C° and a > A°, we know

b __ v—Cp o e - _
Az = Tt re)—c =T (=) > A° and it is a non-empty set.

— If v+ (ugg + pe) — —(pl_s)(frqr_pl) < C°, then

p— JF r— — . .
« If Ceg <v+ (,qu + Me) - W’ we know ‘Ag - U+(NQg+H€1;—iZ_qTT(Cb—S) > A® and it is a

non-empty set.
* If v+ (ugg + pe) — % < g < C°, then we know A} = +00 > A° and it is a non-empty

set.
In other words, the relationship between v + (ugg + pe) — M}M and C° has no impact. As long as

A5 > A°, it is a non-empty set. Based on the above analysis, we find A5 > A° always holds. In this way,

we can conclude Proposition ii.3).
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o If 1gg < ¢r < @g, then the firm chooses the optimal strategy from the following options: b.1, 4.2, b.3 and
b.4. Since there are always some consumers using their own reusable packaging under any strategies, we
have b < gg = €°. (Note that the reason why some consumers choose to engage in BYOC when the firm
offers green disposable packaging is that they are unsure about whether the firm actually offers the green

disposable and ¢ > ¢, = piqg.)

In this way, we can conclude Proposition ii.l).

o If gr > gg, then the firm chooses the optimal strategy from the following options: b.1, b.2, b.3 and b.4. If
the firm chooses strategy b.2 or b.4, i.e., selling only to consumers engaging in BYOC, then £ = ¢, > ¢°. If
the firm chooses strategy b.3, then e’ = %qr +(1- %)qg > ¢g. Therefore, we can find that the

average environmental quality could decreases only if the firm changes to use strategy b.1.

Note that the condition for 7(b.1) > max(w(b.2),7(b.3),7(b.4)) is that o < Ay, where As is defined in

Lemma Under this condition, we know ® = a%qy. Then, eb < Qg = elifa < q% . g—f. Therefore,

we can define A? = max(min(%7 As), A°). The average environmental quality will decrease if and only if
a< Ab.

}tzqu > A°. Note that Ay > A° is equivalent to yo — 9= (cp, —

Furthermore, A% > A° if and only if Ay > A° and

s) < v+(uqg+pe)—cg, where ys, is defined in Lemma and yo = max( (pl_s)(“;jq”_pl) , (”2_5)(”+(g“+”e)_p2) , v+

(1gg + pe) — cg + %(cg —5)). Then, we find Ay > A° holds if and only if ¢g < C®, where

C* = min(v + (pugg + pe) — max(

(p1—8)(1;l+qr—p1)’ (pz—S)(v-&-(]gr-‘:-ue)—pz))’s + Gr (Cb _ s)) Similarly,

(gr—1qg)

— 2 .
f;q?g > A° = W if and only if c¢g < v + (ugg + pe) — %. Therefore, A? > A° if and

) — (v—cb)qs ).

only if ¢g < C* = min(C?, v + (ugg + pe R

In this way, we can conclude Proposition ii.2).

To sum up, the average environmental quality will decrease if and only if either of the following condition holds:
(i) Heg < qr < qg
(i) gr > gg, o < A% and ¢g < CP.

(iil) qr < pgg and o < A5,

Then, we can arrive at Proposition 2{ii).

Proof of Lemma [1 Note that when the firm adopts certification, its profit is strictly decreasing in f; if the firm
does not adopt certification, its profit is independent of f. Therefore, f < F'¢ is enough to be a sufficient and

necessary condition to let the firm adopt the certified green strategy, where

FU¢ = min{arg m}n[max(ﬂ(vc.l), m(ve.2)) — bt}

However, given the constraint that f > 0, we also try to provide the additional condition such that 0 < f < F¢

is a non-empty set. Specifically, according to Lemma [OA.3]
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(1) If g < pgg, F'° = Fy, which is strictly decreasing in cg. Then, F'¢ > 0 < ¢g < €} = min(Cs, Cy), where
Fy,Cs,Cy are defined in Lemma |OA.3]

(2) If pgg < gr < qg, FU¢ = F, which is strictly decreasing in ¢g. Then, F'¢ > 0 < ¢g < C}° = min(Cjs, Cs, Cs),
where Fy, C3, C5, Cg are defined in Lemma [OA.3]

(3) If gr > gg: FV° = max(F, F3), where F; is strictly decreasing in cg. Furthermore,

(3.1) if st @ete)=ps) < oy (y, v—cpta® (cp—s)), ie., m(ve.2)| =g < max(m(b.1), 7(b.2), 7(b.4), 7(b.5)),
then F3 = 0 always hold. Under this case, F'¢ = F» > 0 < ¢g < C{° = min(C7, Cs, Cy). (Note that p3
is defined in Lemma |OA.3| and y4 is defined in Lemma both of which are independent of cg.)

(3.2) if (pS_s)(U+,(1qr+e)_p3) > max(ys,v — cp + % (cp — 5)), then FU¢ = max(Fy, F3). Note that F3 might
not be decreasing in cg.
For case (1), (2), (3.1), we find F¥¢ > 0 if and only if ¢g < C}°. Therefore, we add the condition cg < Cy°
such that that 0 < f < F¥¢ is a non-empty set.
For case (3.2), we let C}° = 400, in other words, we don’t provide the sufficient and necessary condition to
ensure F'¢ > 0. However, we can find that for case (3.2), a sufficient condition such that F*¢ > 0 is Fy > 0 &
cg < min(Cr, Cs, Cy), where C7,Cs, Cy are defined in Lemma

Proof of Proposition [3; According to Proposition ii), when BYOC hurts the environment, we know the firm
chooses vocal green strategy in the benchmark case without BYOC, and we have ¥ < ¢° = gg- Then, when the
firm adopts certification (the condition to adopt certification is shown in Lemma |1)),

o If g» < gg, then no consumer chooses to engage in BYOC and we know the average environmental quality is
S
o If ¢ > gg, then some consumers choose to engage in BYOC and we know "¢ > ¢g.

Therefore, "¢ > gg = €° > b always holds. In other words, adopting third-party certification could eliminate the

negative impact of BYOC. O

Proof of Proposition [4; If ¢, < gg, then all consumers would choose the firm’s green disposable packaging when
it adopts certification. Therefore, "¢ = gz > b always hold, and we can arrive at Proposition [4{ (i).
Next, we analyze the case when ¢, > gg.

e When it is profitable for the firm to adopt the certification (i.e., cg < C{¢ and f < F7¢), according to the proof
of Lemma[OA.3] there are two pricing strategies: (vc.1) and (ve.2). Note that the average environmental qual-
ity of strategy (vc.2) is ¢, which is always greater than €. Then, the average environmental quality could de-
crease only if the firm chooses strategy (ve.1). Specifically, it is profitable for the firm to adopt strategy (vc.1)

s L . (v+(qgte)— 9r798) oy (p3—9)(vi(arte) —pg)
if m(ve.1l) > m(ve.2), which is equivalent to cg < Chg, where Cp = & 2 b

is

1_ lar—ag)

h
defined in Lemma Under this condition, ¢ = (1— (q';qg) )qg + (q';qg) @ =qg+ (thqg)(q,r —qg) > qg-
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(gr—19g) b

e Given the necessary condition that the firm chooses (vc.1) and "¢ = gg + ~*—~2(qr — qg), We compare ¢
with it. According to the proof of Lemma [OA.2 in the base model, there are five possible options: (b.1),
(b.2), (b.3), (b.4) and (b.5), where (b.3) and (b.4) are vocal green strategy.

— If the firm chooses strategy (b.4), then &’ = g, > £¥°.

— If the firm chooses strategy (b.3), then e® = (1 — (qr—hqu) )qe+ (qrhqu) g > (1— L”;qg) g+ Lr;qg) Gr =

E.’UC

Therefore, if the firm chooses vocal green strategy in the base model, the average environmental qual-
ity always decrease when the firm changes to adopt the certification (i.e., e¥¢ < &°). Here, we pro-
vide a sufficient condition such that the firm chooses vocal green strategy in the base model: 7(b.3) >
max(m(b.1), 7(b.2), m(b.5)). Note that m(b.3) > max(n(b.1),n(b.2),n(b.5)) if and only if ¢g < Ci3, where

Ci3 = m[a(v + (1qg + pe) — %s) —max(m(b.1),7(b.2), 7(b.5))], and 7 (b.1), w(b.2), 7(.5))

are defined in the proof of Lemma @ and are independent of cg.

Therefore, the sufficient condition for e¥¢ < b is that (i) ¢ > gg and (ii) the firm chooses vocal green
strategy in the base model and chooses certified green strategy (vc.1) in the voluntary certification model, i.e.,
cg < C¥¢ = min(Co, C13), where Cg is defined in Lemma and Cy3 = m[a(v + (ngg + pe) —
(9 —1dg) 5) _ max(m(b.1), w(b.2), 7(.5))].

Furthermore, we define C3¢ = min(C3°, C¢) such that Cy¢ < C¥. Then, we arrive at Proposition ii).

In addition, recall that the average environmental quality in the benchmark case without BYOC €° < ¢g
always holds. Then, under the condition shown in Proposition (ii), we know that e’ > V¢ > gg > €° always

holds. In other words, BYOC has a positive environmental implications in the base model under this case.

Proof of Lemma [2} Similar to the proof of Lemma we can find that it is profitable for the firm to
adopt certification if and only if f < F™°. Note that F"¢ = max(n(vc.1), w(vc.2))| =0 — max(n(b.1),7(b.2)) >
max(m(ve.1), m(ve.2))| f=o — 7 = FUC.
In particular, according to Lemma [OA.4]
(1) If gr < pgg, F° = Fy, and C™° = min(Cs, C11) > min(Cs, Cy) = C}°, since C11 > Ch.
(2) If pgg < gr < gg, F™° = Fy and C™° = min(Cs, C11) > min(Cs, Cs, Cg) = C7°, since C11 > Cs.
(3) If gr > gg, then F™° = max(F5, Fg).
(3.1) if Pemalvtlarte)ope) <y (1m)barmp) ) 40 (¢ —s5)), Le., T(ve.2)| j=o < max(m(b.1), 7(b.2)),

then Fs = 0 always hold. Under this case, ¢ > 0 if and only if F5 > 0 & ¢z < C™° = min(Cr, C12).
Then, we find C™¢ = min(C7, 012) > min(C7, Cg, Cg) = Cfc, since 012 > Og.

(3.2) I (pS*S)(’Uﬁ*}SQrFe)*PS) > max(w,v — b + = (cp — $)), then we let C™® = 400 and we
know C™¢ > Cy°¢
For case (1), (2), (3.1), we find F™¢ > 0 if and only if ¢g < C™¢. Therefore, we add the condition ¢g < C™° to
satisfy the constraint that f > 0.
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For case (3.2), we let C"™¢ = 400, in other words, we don’t provide the sufficient and necessary condition
to ensure F™¢ > 0. However, we can find that for case (3.2), a sufficient condition such that F™¢ > 0 is
F5 >0 & cg <min(Cr, Ci2).

To sum up, we can conclude that F™¢ > F¥¢ and C™° > C}°.

Furthermore, we find that F™¢ > F'¢ if and only if 7° > max(m(b.1),n(b.2)), which is equivalent to
max(mw(.3), 7(b.4), w(b.5)) > max(mw(b.1), 7(b.2)).

Proof of Proposition [5t The proof is similar to the proof of Proposition [4

First, if ¢ < gg the average environmental quality always increases (i.e., e™¢ = gg > €?). Then, we arrive
at Proposition [j] ().

Second, if g > gg, when the firm chooses to adopt certification (i.e., cg < C™¢ and f < F™¢), there are
two possible strategies: (vc.1) and (ve.2). Then, we find that the average environmental quality decreases (i.e.,
€™ < ¢v°) only if the firm uses strategy (vc.1). Note that the firm chooses strategy (ve.l) if w(ve.l) > w(ve.2) &
cg < Cho, where Cyg is defined in Lemma m Under this condition, €™¢ = gg + %(qr —qg) > ¢g-

Next, we analyze the case when there is no regulation, and the average environmental quality is ¥¢. If
f > F¢, the firm will not adopt the certification and choose the same strategy as in the base model. Therefore,
similar to the proof of Proposition [4] we can find that the optimal strategy is vocal green strategy (b.3 or b.4) if
max(m(b.3)) > max(m(b.1), 7(b.2), w(b.5)), i.e., c¢g < Ci3, where Ci3 is defined in the proof of Proposition Under
this condition, £"¢ € {gr, gg + Lh“qg)((h —qg)} > qg + thg)(qr — gg) = €™ always holds.

Note that when the firm chooses vocal green strategy in the voluntary certification model, it is also optimal for
the firm to choose the same vocal green strategy in the base model without certification. Furthermore, recall that
€° < ¢g, then we also know ¢ = e’ > ¢™m¢ > ¢° under this condition. That is, BYOC has positive environmental
implications in the base model.

Therefore, given ¢, > ¢g, a sufficient condition such that the average environmental quality decreases is that
the firm chooses vocal green strategy (b.3 or b.4) when there is no regulation and change to use certified green
strategy (vc.1) when the regulation is introduced. That is: f > F¥¢ and ¢g < C3°, where C3° = min(C1g, C13,C{°)

is defined in the proof of Proposition

Note that given condition ¢g < C3° < Ci3, we know max(n(.3), w(b.4)) > max(m(b.1),m(b.2)). Then, we find
F'¢ = max(m(ve.l), m(ve.2))| f=o — max(w(b.3), w(b.4))
< max(7m(ve.l), m(ve.2))| f=o — max(m(b.1),7(b.2))
— Fme
always holds.
To sum up, if gr > qg, when the firm adopts certification, the average environmental quality decreases if f >

Fv¢ and c¢g < C3¢. Then, we can conclude Proposition [5[ (ii). Under this condition, we know £'¢ = b > ™€ > £°.

O

15



References

Changwichan, K. and S. H. Gheewala (2020). Choice of materials for takeaway beverage cups towards a circular
economy. Sustainable Production and Consumption 22, 34—44.

Chen, Y.-S. and C.-H. Chang (2013). Greenwash and green trust: The mediation effects of green consumer
confusion and green perceived risk. Journal of Business Ethics 114(3), 489-500.

Costa Coffee (2022). Cups and packaging. https://www.costa.co.uk/sustainability/cups-and-packaging,.

Foteinis, S. (2020). How small daily choices play a huge role in climate change: The disposable paper cup
environmental bane. Journal of Cleaner Production 255, 120294.

Greenwood, S. C., S. Walker, H. M. Baird, R. Parsons, S. Mehl, T. L. Webb, A. T. Slark, A. J. Ryan, and
R. H. Rothman (2021). Many happy returns: Combining insights from the environmental and behavioural
sciences to understand what is required to make reusable packaging mainstream. Sustainable Production and
Consumption 27, 1688-1702.

IBM (2020). Meet the 2020 consumers driving change. https://www.ibm.com/thought-leadership/institute-
business-value/en-us/report/consumer-2020.

Kearney (2020). Consumer support still strong as earth day celebrates its 50th birthday. https:
//www.kearney.com/industry/consumer-retail/article/-/insights/consumer-support-still-
strong-as-earth-day-celebrates-its-50th-birthday#: ~:text=Today%20it%20is%20thriving#%2C/
20and, industry/%20couldn’ t%20bej20clearer.

Laroche, M., J. Bergeron, and G. Barbaro-Forleo (2001). Targeting consumers who are willing to pay more for
environmentally friendly products. Journal of Consumer Marketing 18(6), 503-520.

McKinsey & Company (2020). Sustainability in packaging: Inside the minds of us consumers.
https://www.mckinsey.com/industries/paper-forest-products-and-packaging/our-insights/
sustainability-in-packaging-inside-the-minds-of-global-consumers!

Ozer, O., Y. Zheng, and K.-Y. Chen (2011). Trust in forecast information sharing. Management Science 57(6),
1111-1137.

Packaging European (2021). Breaking down the barriers to reusable packaging. https://packagingeurope.com/
breaking-down-the-barriers-to-reusable-packaging/1321.article.

Simon-Kucher & Partners (2021). Global sustainability study 2021. https://www.simon-kucher.com/sites/
default/files/studies/Simon-Kucher_Global_Sustainability_Study_2021.pdfl

16


https://www.costa.co.uk/sustainability/cups-and-packaging
https://www.ibm.com/thought-leadership/institute-business-value/en-us/report/consumer-2020
https://www.ibm.com/thought-leadership/institute-business-value/en-us/report/consumer-2020
https://www.kearney.com/industry/consumer-retail/article/-/insights/consumer-support-still-strong-as-earth-day-celebrates-its-50th-birthday#:~:text=Today%20it%20is%20thriving%2C%20and,industry%20couldn't%20be%20clearer.
https://www.kearney.com/industry/consumer-retail/article/-/insights/consumer-support-still-strong-as-earth-day-celebrates-its-50th-birthday#:~:text=Today%20it%20is%20thriving%2C%20and,industry%20couldn't%20be%20clearer.
https://www.kearney.com/industry/consumer-retail/article/-/insights/consumer-support-still-strong-as-earth-day-celebrates-its-50th-birthday#:~:text=Today%20it%20is%20thriving%2C%20and,industry%20couldn't%20be%20clearer.
https://www.kearney.com/industry/consumer-retail/article/-/insights/consumer-support-still-strong-as-earth-day-celebrates-its-50th-birthday#:~:text=Today%20it%20is%20thriving%2C%20and,industry%20couldn't%20be%20clearer.
https://www.mckinsey.com/industries/paper-forest-products-and-packaging/our-insights/sustainability-in-packaging-inside-the-minds-of-global-consumers
https://www.mckinsey.com/industries/paper-forest-products-and-packaging/our-insights/sustainability-in-packaging-inside-the-minds-of-global-consumers
https://packagingeurope.com/breaking-down-the-barriers-to-reusable-packaging/1321.article
https://packagingeurope.com/breaking-down-the-barriers-to-reusable-packaging/1321.article
https://www.simon-kucher.com/sites/default/files/studies/Simon-Kucher_Global_Sustainability_Study_2021.pdf
https://www.simon-kucher.com/sites/default/files/studies/Simon-Kucher_Global_Sustainability_Study_2021.pdf

	Benchmark Case Without BYOC
	Equilibrium Outcomes
	Parameter Values in the Numerical Study
	Proofs for the Main Model
	Details of Model with Discount Pricing
	Model Extension with Heterogeneous Valuation
	Model Extension with  Being Dependent on 

	Model Extension with h Being Dependent on 




