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EVOLUTIONARY GAME AND SIMULATION STUDY OF
DUAL-CHANNEL HOUSEHOLD PHARMACEUTICAL
WASTE RECYCLING UNDER GOVERNMENT
INTERVENTION

ABSTRACT

With the enhancement of residents’ health awareness, the
phenomenon of storing medicines at home for self-medication has
become increasingly common. However, this phenomenon leads to a
significant increase in the amount of household pharmaceutical waste. If
these pharmaceutical wastes are not properly handled, they not only pose
a threat to the environment but also endanger the health of residents.

The household pharmaceutical waste recycling market has two
channels. One is the formal channel, which consists of institutions with
recycling qualifications that can safely process pharmaceutical waste
according to standard procedures; the other is the informal channel,
which involves institutions without recycling qualifications that
reintroduce the recycled pharmaceutical waste into the market, posing
significant safety hazards. Strengthening the construction of formal

channels and combating informal channels is crucial for ensuring the
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effective implementation of household pharmaceutical waste recycling.

This study employs analytical tools such as evolutionary game and
system dynamics to delve deeply into the dynamic evolutionary
relationships among the primary participants in the process of household
pharmaceutical waste recycling. Furthermore, the study analyzes the
Impact of different government incentive strategies on the dual-channel
of household pharmaceutical waste recycling.

This section clarifies the connotation of household pharmaceutical
waste recycling, reviews the current status of household pharmaceutical
waste recycling both domestically and internationally, and conducts a
comparative analysis of the domestic and international recycling practices.
It identifies key issues in the recycling process and analyzes the
influencing factors of household pharmaceutical waste recycling, thereby
laying the foundation for subsequent research.

Using evolutionary game theory, this study conducts a thorough
analysis of the dynamic strategy choices over time of the three
participants, the government, formal channels and informal channels. It
also explores the factors influencing the decision-making of each
participant. The research findings indicate that the government’s
behavioral strategy choices are affected by factors such as the social
benefits, the costs, and the government’s reward and punishment
measures. The behavioral strategy choices of formal channels are

\Y
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influenced not only by their own factors but also by the government’s
reward and punishment measures, including the costs and benefits
associated with formal channels’ active or inactive recycling and the
government’s reward and punishment measures for recycling channels.
The behavioral strategy choices of informal channels are influenced not
only by their own factors but also by the government’s reward and
punishment measures, including the benefits obtained and the costs
incurred by informal channels for participating in recycling and the
government’s reward and punishment measures for recycling channels.
To further investigate the impact of government incentive strategies
on the dual-channel system of household pharmaceutical waste recycling,
a system dynamics model of household pharmaceutical waste recycling
was constructed using the system dynamics method. The research results
show that the government’s strategy of increasing the recycling price for
formal channels is always an effective means of promoting the
development of formal channels and can also, to some extent, suppress
the development of informal channels. The government’s strategy of
increasing the number of formal recycling points is always effective in
promoting formal channel recycling; this strategy can effectively curb the
development of informal channels in the short term after its
implementation, but the development of informal channels is no longer
affected after a longer period of implementation. Additionally, the

\|
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government’s strategies of increasing environmental publicity expenses
and service fees both effectively promote formal recycling and suppress
informal recycling in the initial stages of implementation, but these
strategies have little impact on formal and informal channel recycling
after a longer period of implementation.

This study constructs a tripartite evolutionary game model involving
the government, formal recycling channels, and informal recycling
channels, providing an analysis of the nonlinear effects of governmental
reward-penalty mechanisms. Furthermore, by systematically investigating
the complex interrelationships among residents, formal/informal channels,
and governmental entities, a system dynamics model for household
pharmaceutical waste recycling systems was developed to effectively
guantify temporal effect variations under different government incentive
strategies. The research offers significant theoretical and practical
implications for promoting the healthy development of the household

pharmaceutical waste recycling industry.

Author: Yang Qian (school of economics and management)

Supervised by: Professor Liu Changyi

KEY WORDS: household pharmaceutical waste recycling, informal

channels, triple evolution game, system dynamics, simulation analysis
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3.2.3 EASNRIERF 25 m B HINA EL A

5 [ b S [ 5 18 R 2 3 24 o WS V00 B, L 5D 2 3 24t el S A
AFAE— 8 2200, WIEBHERL IO 225 3 A0 B USCRCR DY A J5 TGS EE P
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RIS [ G AE SRR 2 37 24 it [T &8N 5 T AmvE R RIS 2 5 4R
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BUR R : 3E HATeh = % [TRRERGEIUN B AR #/E 1R 5, S EURISHE
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FT AR T — e e, (HEAR AR BB IR 3B, IR T [l i &
RIRTHFEE A JE o 1L LURTE 1 78 22 R BUIG, JCH AR A Iz X, 1 F IR 2R
BRI 0 B, HASVE RIS AT y m] REX A 5T 5 28 3 A RREAA BBl -
NRIET: AN FIERFFE M H PR, MMrEIRES, $82 5
FERAR: [, Ak XA RS A0 T R 8 20 i, 3E— 205 1 [l
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AT T K BE RS20 b B 3 XS B T Y S SRR PR 3724 i [
WCHIR, - 1 Aol B X e ity SG L R AT H A 58 38 AR AR, 2 oot
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BB 1 A

23



ZHTRAFM T FAILX

FA4E BUFTFHTREREFHmBESIERERUER T
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Wi o =T RAL TR AR AIZ AR OR R W 1 4-1 Pl

>
% Ir ok w&/: g“fz
5| TH Al |
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R EEIEAL IR AL, T %5 5 EARBIAT NS . SRS A e e B R
R AR, BEHW MMk, SEUIHINER 4-1 Fis:

B 1. FEEFZGHEVGIFES, BUFAZE AN 1. EREENZS A 2.
EIEMIRE NS SN 3, = HHIHANEREENS S M. SRR RS
B 25 I (R (R HERS BT AY, I i Fa e T A0SR0 .

R¥E 2. BURFRIZERE 20 0 = (,,0,) = (BT, VAT , BUMFIEEERN
TR BE R 7 25 d [T ORE SR o xR BRI AR T TSR B R 37 26 i IR U R A R A
1-x: IERMUIRIERRIE S E B= (8, B,) = BRI, HkEIYD , EMRE R
R BN R B2 R 3 24 S IRE R Ay, IR BETE AR B R E R A 25 M R A1y
EIE IR E KISR0 y = (7,,7,) = (S5 R, AS5EIR), JEEMEEERE
S 5 R ERF M BINENER N 2, I BAS SRR 2550 B E N1-z .
x,y,ze€l0, 1],

% 3. IEHIUETE A BT A B I 28 AR A AS [R5, TE R AT 5 e I
FZ i PSRRI R, Gtk S UGS « BURFZE T I 320h s, RRAR RS SiE #% [RT U5 R
BHBGEAF, B ESCERIFUR N R, T BIGRAF YN R, »  IE AL A4 (A
= A ARy, W IEI P AE AR C,, R, —C, > R, —C, o IE LIRS AR [0k

SRIGBURF 5 TN T, I RS I 1T A a W BRI T ST F, o

B 4. JE IERUIRIE AN 4T Ay S0 A A AR )0, SR TERLBRIE Ay 1 i
ORI 2 [T SR IR 57 243 it » 4 [ WA B9 2 2 IR 37 243 i EAT S R EAT U 6 - R

IEMIRIEZ 5 RGN Ry, AEIERURIEZS 5 R ERAC; A2 5
B[ SRt A 22 72 AR N AN RSEAS s AR IR LR TE S 5 a2 i BURF EAT 13K F,
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ABBE 5. BURF AN [RIAT g SR (YA 2 R e A AR [ 8 O o 55¢ e 1 7 24 ik [l
BAT R T T3R8 — AL RN R, BUR XS X BE IR 7 24 b [T SOEEA T AR T
WA C, ;s R, —C, >0 BURTEMRT TSR RS20 M I, S0 M55 i e
E, THHERATHEE AR RAC s C,>C,s BUMKIE ML IE AR A 42
AR [ AT Sy S48 S P 4G 18t S [ %0 O R R T T 5 B % 7 240 i [ A 2 SR B
JIANAE T FE I, IR RS TE AR [ WA SR B2 PR T 245 it BSURT A0S FLEAT 22 ity ASUh [l
AT, SR <B AR T, 5 IR AR TE VR AR [T R B JR 7 245 ity » BT R B AT — S 25401
T EHON F s AFIERUIRIE S 5 50 IR 7 25 i [, BURF X A IE R IR A 3R 47 1]
AORIT i AT KR IR S 25 i B, TR RUN Ry R <Fys BURRSIRF T
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4, AEIEMIRE S 5 B3 E R EE AT B s 0. S R Al IE LR IS
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friiaG HARIEMUIRIES 5RO = Agm, W AR, -C,—F -S,; dFIEM
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BOFBR T IEARIE AR B, AR IEIRIEAS 5 B, BUF R T
22 7 AL AR LTSN R BAS I HL I DR 0  A [e ek AT 25 9T, e
R,—C,+F; IR AR ISR AT AR S (AR A,  BABOR 26T, e
NR,-C,—F; FFIEMERIEAS SR 0.

BOMEHR T IEARE R B AR IEAERITE 25 IS, BURE ) T
TSR B RA, 2y -Cy s IR RRAR AT 2R A DL AT A
HAR RIS o H Az ggmy, feai AR —C =S ARIEMIRIES 5 [l 4
FARL PSR EAS, Wiz 9 Ry —Cy

BUMF T I IERERER R R AR IEUREA S5 B, BURE KT
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AR —-Cps ARIEMIREAZ S Uiz 0.

BOMER T IEARE AR B AR IEAIRIE 2 5 IS, BURHE ) T
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AR, —Cy s AFIEMUIRIEAS S B2 0.

4.3 =B
4.3.1 BFFRIRBEIRE 1S4

BN SR AN T-FUR 8 B T T s 1 ST 26 49 5 E, O E, «

E11:yZ(R4_C4_T1+F2)+y(1 Z)(R —Ci- T)
(4-1)
+(1-y)z(R,~C, +F +F,)+(1-y)(1-2)(R
E, =vyz(-C5)+y(1-z)(-C5)+(1- Y)Z(‘Cs)
(4+-2)
+(1-y)(1-2)(-Cy)
UG SRS 16 7% 1) R A B TTHE
F(X) =x(1-x)(E; -E,;) (4-3)
=—x(x = 1)(C; - C,+ R+ R, — yF, + zF, — yT,)

X I —Fr A5 € 1 H (y) 7959 :

d(F(9) _,\_ _ _ _ _
d =(1 2X)(C5 C,+FR +R, YR + 7k, yTl) (4-4)
X

H(y)=C, - C, + F, + R, — YR, + zF, — yT, (4-5)

AR 23 75 R R s T v B, IEURT JE AR TR MR 0 SR e IR 2 75 0 2

PR At F(X)=0H.d(F(X))/dx<0. FE3yaH(y)/ ay<<0, FiLLH(y) % Ty

IR EL . W y=(C,—C,+F +R,+2zF,)/ (F, +T,) = y*i, BURFAREfE fa e 5k

W y<(C,—C,+F +R,+2zF,)/(F +T,) I, BUFHBELFE RGN x=1, EPE

BT y>(C, —C, + F, +R, +zF,)/ (F, +T,) I, BUFF LR E SRI& A x =0,
BB T T BUR I SRS AR, s 4-2 B
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K 4-2 BURERAL &S AR
K 4-2 KW, BT TRBER Y A BTV, HART TR A, 1
RV, , WT PR

VA1=”1C —C,+R+R+7F, o 2C -C,+F+R)+F, (4-6)
0Jo F+T, 2(F+T)
VAz :1_VA1 _ 2(T1 +C4 _Cs — R4) - Fz (4_7)

2(F+T)

HEW 4.1 BUFBT TUSRE IR 57 26 il [R5 5 BORF AR T R A5 4

WS BURHARTFAT A . BURPA R IERUIRIE 2 5 [ 3 BIE AR G,
S BURRIRR AT A AR B A AR 5% o

HEW 4.1 380, DREEEUR RIS 2 W o BE W A 2500 3t S EBURF R EUH B T 0

FBE IR 32 i [l — SR o JBURTIE AT DLE I St 2 A AL 2] RIS e A kA2
HEBUR AR T TR S BE IR 7 24 it [R1AC o
#iL 4.1 U

BUR AR T TS 2 1 37 24 i RIS MRSV, SR ZEER I — B i 2
Nm/oCs=1/(F1+Tv, HFi T #&Z&IEE, Frblov, /oC, >0;
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OVa/ORa =1/ (F1+Tv, HFw T #ZIEE, Frlov, /oR,>0;
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y

L(x)=C,— C,+ R — R, + XF, + XT,— 5, + 25, (4-12)

R 7 R R e e B, IE MR TE S B AR RIS 2 B A e RS TR 2
iR LU 4 F(y)=0H.d(F(y))/dy<O. Yol /ox >0, FrLhL(x) %
T x W% #ix=[2(S,-S,)-C,+C,—R +R]/(F +T,) =x*if, IEMIEER
REff e FRE SRS s x<{2(S,-S,)—C,+C,—R +R,]/(F +T,) i, IEMIRIEKIFE
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IEMURE AR SRy y =1, BIIERUIRE AR F . TER IR TE Y HEm T A A
K, Gl 4-3 Fros.
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—1—

1p1 z(S,-S,)-C,+C,—-R +R
V.. = ear. 1= 92 2 14
B2 J-OJ‘CZ ;:11_2 R, F1+T1

_G -S,)? +2(C,-C,)(S,-S,)+C,-C,+R —-R,
2(F1 +T1)(Sl - Sz)

HEW 4.2, IEUUZE AR [ U R 26 5 1E A AR TE AR ISR A3 i s TR
IETE T AR BSOS B AR B AE A DG, 5 1 RS T T A el SR A (A2 TE R
R TETSCAST H ) BSAS B A7 A O o

VS 4.2 R0, IEMURERAR AR RN 1E RS AR s A
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TE R AU [ S R B I 77 2 S 2 AV, » SRS BRI — e
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W(X) =C, —R, +XF, (4-19)
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#W 4.3 FEMEERS S B2 S AR ERURIE 25 B4 1 RS
BURF xR IE SR8 2 5 B S 30REA DG, 53R IEMERIE 2 5 BIGE S IYRON
AR K

HEVE 4.3 R W, MR IE IR T8 M SR L K 75 24 W [0S 31 R 3R A3 BN AR
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s MERT HUAERE RRF LA P 2 DA AE — D B IR SRS RF A, U E 1T g
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