Online Supplement for “Coping with Spatial Mismatch: Subsidy Design for Electric

Vehicle and Charging Markets”

Section A: Model Extensions

In this section, we check the robustness of our previous results and generate additional insights by relaxing

a few assumptions in our base model.

A.1 Heterogeneous Charging Cycles

This extension examines the impacts of driver heterogeneity due to different intensities of EV usage and
the availability of private charging piles. In particular, we assume that drivers residing at point B need to
charge EVs with public piles more (or less) frequently because they drive longer distances on average (or
they are able to access private piles at home). Let T; denote the average charging cycle of drivers residing at
point i. We assume that the distribution of the charging cycle is independent of the utility of driving an EV.
The following proposition indicates that driver heterogeneity in the charging cycle will amplify or mitigate

the spatial mismatch, depending on the relative sizes of T4 and Tjp.

Proposition S.1. Define rg = mp/m4. We have drq /9T < 0 if and only if u%, /Ta > 1/a; drg/9Tg < 0 if and

only ifu /Tp < 1/a.

In other words, if and only if the annual charging cost is higher (lower) than the average annual EV
driving utility for drivers residing in downtown (suburbs), a longer charging cycle for these drivers means
weakened spatial mismatch. This is because, when the charging cost is relatively high (low) for drivers
residing at one point, the adoption rate will be low (high), and thus an increase in charging cycles reduces
drivers’ charging costs (i.e., spurs EV adoptions) more (less) than it reduces the charging demand at that
point. Note that the spatial mismatch (measured by ry) will be weakened if the charging demand at point
B is weakened because SPs will have a bigger incentive to build piles downtown.

We explore this revised model with numerical examples in Figure S1. Here we focus on the objective of
social surplus maximizing because our previous analyses have shown that the comparative effectiveness of
different policies is largely consistent for the two possible government objectives. We use the same default

parameter values as those in Section 6. To see the impact of the charging cycle on the performance of
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Figure S1: Policy Comparison with Heterogeneous Charging Cycles
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subsidy policies, we set {T4 = 1/48; Tg = 1/12} in the top row and {T4 = 1/12; Tg = 1/48} in the bottom
row; in addition, we set {E [z] = 2,500; T = 16} (i.e., relatively high charging cost compared to the mean
utility of EV driving) in the left column and {E [z] = 3,000; T = 8} (i.e., relatively low charging cost) in the
right column. According to Proposition S.1, the examples in the top left and bottom right panels illustrate
stronger spatial mismatch, and we can see that subsidizing EV purchases is a more effective policy when
the spatial mismatch is stronger. Note that this result does not contradict our previous results, which are

primarily related to the cost factors in the charging market rather than the degree of spatial mismatch.

A.2 Disjoint Suburbs

In this subsection, we model the suburbs as two disjoint points: B and C. Drivers residing at a suburban
point will choose between downtown and their residential point for EV charging but will not travel to the
other point because the distance is too far. Without loss of generality, we assume that B and C are symmetric

in the sense that all the cost parameters are the same. All the other assumptions in the base model remain.
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According to Theorem 1, the pile utilization rate in equilibrium in the downtown areas or suburban areas
is the same as the utilization rate in the base model. This is because the problem facing the SPs has a similar
structure, except that there are three points. The condition for equilibrium is independent of the number of
points. In addition, the expected charging cost, the location choice probability for drivers from a suburban
point, and the marginal types are still given by Equations (2) - (5). As a result, we have ug = ug, ¢p = ¢c,

zp = z{, and thus

oAl — H(zZp)] + Sfea 1 — HEzE)] + % [1- H(z)]
M = = lgall - HEp +F [1-H(z)] =4 &1

g [ H ()] i=B.C

1

Accordingly, given the same subsidy policy w, we can see that A, is exactly the same as A4 given by
Equation (6) and that Ap + A is exactly the same as Ap given by Equation (6). Therefore, the government

objective is exactly the same as that in the base model, and the results are exactly the same, too.

A.3 Unregulated Charging Fees

Here, we relax the assumption of a regulated, flat charging fee and allow SPs to determine the charging fees.
We consider a game of three stages. In Stage 1, SPs and potential EV buyers first form a rational expectation
of the pile utilization at each point; then, each SP determines the number of piles m 4 and mp, respectively,
to build at point A and point B, and each potential EV buyer decides whether to buy an EV, given their
rational expectations. Due to the homogeneity among SPs, their decisions are identical. In Stage 2, given
the rational expectations of the pile utilizations, each SP determines the charging service fee at each point
(f;) for their own piles. Due to the homogeneity among the SPs, their prices at one point will be identical in
equilibrium (i.e., the SPs have no incentive to deviate from the equilibrium price, knowing that deviating
away from the equilibrium price will affect drivers’ choices and thus change the pile utilizations). In Stage
3, given the charging service fees and the rationally expected pile utilizations, the EV drivers minimize the
cost of each charging by deciding on the charging location first and then choosing the SP; then the rational

expectations are fulfilled. We solve this game through backward induction and obtain the following result.

Proposition S.2. With unregulated charging fees, the pile utilizations are not affected by the p-policy or the y-

policy, and the B-policy dominates the y-policy.

This is because, under the S-policy, SPs will always reduce the charging fee in competition as the sub-

sidy value increases. However, the B-policy can effectively reduce EV drivers’ charging cost (due to the
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Figure S2: Policy Comparison with Unregulated Charging Fees
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reduction in charging fee) and thus promote EV adoption. This also offers an indirect incentive for SPs to
build more piles. As a result, the S-policy in this case works in the same way as the y-policy. Given that the
government subsidy has a higher fiscal efficiency under the B-policy, it dominates the y-policy.

Regarding the a-policy, there will be two-fold effects on the charging cost and EV adoption because
the subsidy can reduce both pile utilizations and charging fees (see the detailed reasoning in the proof of
Proposition S.2). However, the aggregate effect could be weaker than that of the B-policy or the y-policy.
Compared to the case with regulated charging fees, SPs in this case are less willing to build more piles
under the a-policy because the subsidy value partly goes to EV drivers (through fee reductions); in turn, EV
drivers will still expect high utilizations of piles, high search cost, and high charging fees, which suppress
their willingness to adopt EVs and again provides a weak incentive for SPs to build charging piles. In
Figure S2, we use numerical examples to illustrate the comparison among different policies. We can see
that the a-policy is almost always dominated by the B-policy.

In sum, when the charging service fees are unregulated, SPs compete not only on charging service fees,
but also on the availability of charging piles. As a result, SPs will enter an equilibrium wherein each SP
will set the fees high enough so that the availability of charging piles will not increase significantly when
drivers completely abandon the SP. The high service fees will motive SPs to build a sufficient number of
charging piles as long as there is enough charging demand. In this case, the B-policy motivates SPs to
reduce the charging service fee in the competition, which becomes an incentive for drivers to purchase
EVs and an indirect incentive for SPs to build piles. The B-policy has a higher fiscal efficiency than the
7-policy, although they have similar effects. Furthermore, the B-policy is more effective than the a-policy in
promoting EV adoptions. Hence, if the charging fees are unregulated, the S-policy turns out to be the best

choice.
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Figure S3: Policy Comparison (Part I)
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Section B: Additional Figures
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We supplement our numerical analysis in Section 6 by showing how different subsidies affect the expected

cost of each charging activity and the number of piles in the downtown areas in Figure S3.

Section C: Technical Proofs

Proof of Lemma 1: Given that H (z) = 1 — exp (—az), we have
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Then we know
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Proof of Proposition 1: According to condition (iii) of Definition 1, if m; = 0 in equilibrium, we must have
¢; = 0and/or zi = co. In either case, we must have p; = ¢; = 1. Given this condition, we know that it is

optimal for the SP to set m; = 0 only if B + f; < (k; — ;) T. The result follows. [

Proof of Theorem 1: We rewrite the SP’s problem in Definition 1 as follows:

max s (Eatn) =1 ai_ki+% -

To obtain finite m4 > 0 and mp > 0 in equilibrium, we must have «; + (8 + f;) {i/T = k; for i =
A, B, which is equivalent to ¢; = (k; — a;) T/ (B + f;). Given this condition, ¢; ({4,¢p) and z (§a,p) are
uniquely determined according to (4) and (5). Therefore, m; (¢4, {p) is also uniquely determined according
to condition (iii) of Definition 1.

Because we can always use the above procedure to construct an equilibrium, we know that the RE

equilibrium always exits and it is unique. [J

Proof of Proposition 2: We consider the decision m; for an SP. Suppose that other SPs decide to build
M,; piles in total at point i and the charging arrival rate is A; at point i. Thus, the focal SP’s problem is to

maximize ITg = (a; — k;) m; + (B + f) Aim;/ (M; + m;). Accordingly, we can solve out the focal SP’s best

response as 1l; = %)Q;M’ — M;. Due to the symmetry among the SPs, we know that M; = (n —1)m;
and thus ni; = (itf i/\’ : ”T_l Therefore, regardless of the best response A; of the EV buyers, we will always

have
'_}\iT_(ki—Déi)T. n
b= m, — B+ f n—1

As n goes to infinity, p; converges to the value given by Equation (11). [J
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Proof of Proposition 3: Define y; := f +s;f/ (f — k;T). According to (2), (3), (5), and the result of Theorem

1, we know thatz’y = p+ % (caT+ya) and zj = p — = In (T;_a pexp (—y; — ¢;T)). We have

9z} — l ~ 0and 92p exp (—yi — ¢;T)

1
dya T i T Yy_apexp(—yy —cpT)

> 0 for any i.

Thus, according to the chain rule, we have the following:

of dya Oof dya
azg

_ oy 9% 9y _ 1 o kT
af i:%Bayi af T 'ZB(IJZ [ (ﬁle)Z]

az;_az;'ayA_az;‘ll_ kat ]
(f ~—kat)?

The result follows. [

Proof of Theorem 2: According to the definition of the RE equilibrium (i.e., Equation (10)), we know
that %‘ = /)\L—;‘ : g—i. Therefore, we know that my < mp if and only if Ay/Ap < Ca/Cp. According
to Theorem 1, we know that 4 /g = (ka —wa)/ (kg —ap). Hence, my < mp if and only if G (A) <

(ka —ap)/ (kg —ap). According to Equations (2) - (6), we have

Ao _¢a 1 (H‘l’A) ea(zg—zz)_<1+%) {1+ o (uy—ut) | _q

A ¢ 1—y ¢B ¢B 1—7
_ A U 1 f 1
_(1+e) 1+1_17<1+6_A> ] 1=G(A).
It is easy to see that both (1 + eA) and (1+ e’A)ia/T are increasing in A. Hence, G (A) is a monotone,

increasing function of A. In addition, the ratio #/ (1 — 77) is increasing in #, so G (A) is increasing in 7. The

result follows. [

Proof of Lemma 2: According to Theorem 1 and 2, we know that G, A, and {p/¢ 4 are all independent of
v.0
Proof of Proposition 4: Note that the social surplus under the -policy can be written as

T T T T T T ;
ug= Yy 9T+7M}/\i:)\32 [9T+7M A
i=A,B a M H i=A,B a H wolAs
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According to Theorem 2, we know that A4 /Ap is independent of . Taking the first order derivative with

respect to 7, we obtain

%:aﬂz [9T+T_M_m})\i_)\3 (14_5);.&
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wherein the inequality is due to —y < 0. Therefore, if a6 < (1+6) /u — 1, we must have dUg /9y < 0. O

Proof of Lemma 3: According to Theorem 1, we know that the ratio ¢4 /¢p is independent of . Given

f+ B > kit (i.e., positive m;) and syk4 > spkp, we have

JdA - SAkAT _ SBkBT

B (B+f—kar)®  (B+f—kpT)?

> 0.

As a result, the maximum value of A is given by limg ;.o A = (cp —ca) T +5p —s4. In order to have

A > G~ (ka/kg), we must have (cg —ca) T+ 5g —s4 > G~ ! (ka/kg). The result follows. [J

Proof of Proposition 5: Note that the social surplus under the -policy can be written as

Us= Y 0T+ —p—op| A=W (B) ¥ A

i=A,B i=A,B

Taking the first order derivative with respect to , we obtain

, 2
aaléc - —(1+5)IZAi+W(ﬁ);%)/;’ - —(1+5);/\,~+A1A ag‘ﬁA.uG_W(ﬁ) 2B 6 (a )32

. . . 9
wherein the second equation is due to A = A4 /G and thus aa)/‘gB = % : aié“ - —G’ (A) ag Define F; =
fi+cet+s (1— pi)fl. Because kisi < — kasa 5 given that sgkp < s k4, we have

(B+f—kiT)* = (B+f—kaT)

E’;\—A:AB¢A8—A+17¢ P ZM +%e—azfq. kasata i
b 9 T(B+f k) T(B+f —knt)
kasata oA
< Ag + Appa—.
T(p+f—kar?] PP
Therefore,
aUg kasatalg Ag A A2 9A
— <= (1+06) ) _Ai+ +— U —W(B) =G (A) —.
A T T AP YRSE
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Note that
a —a/T
G ()= (5 +e) —ﬂq (1+e2) " et
L4+l gy - . 1—n &
T(A _ N 1 —A —az . . p—azp
G =175 7 ( te ) ¢ T 1+éb
A —az A
e noe 4 —azj 1—y ¢ —azy _ . —azy i1 —uzB
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> .
T 14eA T 37”%

As a result,
BUG kASATaUG /\B aA AB aA
— <= (1490 Ai+ U /\
kASATIZW(,B) Z)\ - kASATaW (:B) Z/\
1 — i
T(B+f—kaT)? i

_(1+5)1D"+T<ﬁ+f—km2

Because
k T
AsATaW (B) kasata i <9T+ ) ,
T (f — kAT) a

T(B+f—kat)?
kASAT)Z < ff,fg The result follows. [J

we know that dlg /9B < 0 for any B if
Bki/ (f + B), the pile utilization rate at point i under the a-policy

Proof of Proposition 6: By setting «;

is
‘= (ki—ai)t _ (fk)T kit
l f f+Bf  f+F
which is the pile utilization rate at point i under the B-policy. The annual subsidy equals
kim; '&im;
’B ! Z‘B%l:‘BIZAZIS(ﬁ:‘B/,le:’)/:O)
1

S(M:,B/ki/(f‘l'ﬁ/)rﬁ:’y:o) Zf"’ﬁ’ :

Hence, the social surplus under the a-policy is the same as that under the B-policy, given the same pile

utilizations and annual subsidy.
Note that the constraint of a; = pk;/ (f + B) fori = A,B and any B > 0 is equivalent to a4 /ap =
ka/kg. Therefore, the B-policy is equivalent to the a-policy with the constraint of a4 /ap = ka/kp. Itis

clear that the unconstrained problem has a higher optimal social surplus than the constrained problem

does. The result thus follows. [
If the constrained a-policy is used, we have a4 = ap = a. Define r (a)
/

Proof of Proposition 7.

=Ca/Cp/G = (kg —a) / (kg — a) /G. To alleviate the mismatch, we should at least have 7’ (0) <

mp/ma
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0. Taking the first order derivative, we get

ka—kp = _ ko= 9A 3G

or B (kB—a)z kp—a o 0A

on G?

Hence, the constrained a-policy is able to alleviate the mismatch if and only if

i7i< 1 JdA 9G | fsat  fsBT 1 dG |

kg ka G oa oA )07 (f—ka1)®  (f—kg)?| \G oA ) 1=
When k4 is large enough such that k4T approaches f, the right hand side of the above condition goes to
infinity and thus the condition holds. In contrast, if k4 < z—gk B+ % (1 — 4/ i—;‘) , then the right hand side

of the above condition is negative and thus the condition can never hold. The result thus follows. [

Proof of Theorem 3: We first focus on the marginal impact of subsidies on the GSS, respectively, under
the y-policy and B-policy, given the same amount of increase in subsidy value. Suppose that the current
policy is w = (B, 7). Note that the GSS given any subsidy policy can be written as }_; A; {GT + ﬂ accord-
ing to Lemma 1 and the fact that the SPs break even in equilibrium. Regarding the subsidy value, we have
35 (w) /3y = (T/u) i Ai + (Ty/p + B) L;9Ai/dy and 3S (w) /3B = Ty A; + (Ty/u + B) L 9A:/3p. For
the same increment of subsidy (i.e., (T/u) Y; Aidy + (Ty/pu+ B) LidAi = i AidB+ (Ty/pu + B) Li dA;), the
ratio of change in y over the change in 8 (i.e., dy/dp) is u/T. Hence, we need to compare (3 /T) 9GSS (w) /07
against 0GSS (w) /9B.

We have
dGSS (w) { T] 1 oA 0GSS (w) { T} oA;
—t = 0T+ —| &=—and ————~ = 0T + .
(T/u)oy ZZ: a] T oy 9P ZZ: B
Next, we have
a/\i o %/\
- 17
(T/u)oy T
oA _ pikisita 0 o—az kasata
A 1-m — U | 4 e ;
9B Aofa /3 Lae [ZT(ﬁ+f—kiT)2 T T(B+ f —kat)*
dAp ¢ikisita oA
9B _ I e s
op " [ZT(,B+f—kir)2 T

. k k k
Givenkos4 > kpsg, we have (ﬁ+;i1;(;)2 < (ﬁﬂfjir - and thus 2 aﬁ > 0. Because ° aﬁ > Ag {T(ﬂf;BTchr)Z] +
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) k i

acss
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1

ﬂ)\ikBSBT ‘|
T(B+f—kgT)?|

Hence, the sufficient condition for augﬁ(a;) g (@) ;

is

(T/u)oy
akgspT > ap or kgspT >
T(B+f—kst)” T (B+f—kpT)

Next, we compare the y-policy against the a-policy, given any policy mix w = (a4, ap,y). Given that
a4 and «p are balanced, we know that the marginal impacts of x4 and ap are identical. Therefore, it is

marginally optimal (indifferent) to set

fkadas _ fkpdap i

(ka—aa)® (kg —ap)’

Accordingly, the change in subsidy value under the a-flexible policy isdS = ) ?kf kida, i+y ( foi %7) dA; =

Y AdC+ Y ( fai -+ 7) dA;, and the change in subsidy value under the ~y- pohcy is dS = T Z/\id'y +

) (klffle + %'y) d)\i. Therefore, for the same amount of change in subsidy value, there is the ratio of
AC/dy =T/ .

For the marginal change (da 4, dap) at balanced (a4, «p), we have

afs;tdu; 1 y-az afsatduy )
Tlf—(ki—ap))? T T(f — (ka —aa) 7
afsitda;

dAp =Ap <Z¢iT[f— (k‘ _“.) T]2 _‘PAdA) .

1-— x
dA g =AppadA + TYI(PA(?_“ZB Z(Pl

Now suppose (f—(lisi,-)r)z < @ ;{) for both i. Then dA4 < /\A FdC + AppadA and dAp < Ap j’de —

AppadA. Let dGSS () and dGSS (y) denote respectively the marginal change in the GSS under the a-
flexible policy and the -policy. We then have:

dGSS (« Z[ ] A ac + [9T+ } (AppadA — AppadA)
—Z[ ] 2 dy = dGss (v).
K
Accordingly, the sufficient condition for dGSS (¢) < dGSS () is (f_(lfsi‘)r)z < & _If_) for both i, or
equivalently, max; % < .
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We then focus on the marginal impact of subsidies on the scale of EV adoption (i.e., SA = T ; A;), re-
spectively, under the y-policy and S-policy, given the same amount of increase in subsidy value. According

to the previous analysis, we know that we need to compare (31/T)d (T Y; A;) /97 against 0 (T }_; A;) /9B.

We have
TZZ
% ( 2 a - a]/l 2/\1/
(TEZ ﬂkBSBT
— ) A
Z Bﬁ ,3+f*kBT)2;

Hence, the sufficient condition for the B-policy to dominate the y-policy is still kgspT > u (B + f —kp ’l.')z.
Finally, we compare the y-policy against the a-policy for the subsidy minimizing problem. From previ-

ous analysis, we know dSA (a) <Y ; TAjady = dSA () if (f—(lfsi;)r)z < (k”kl{) The results follow.[]

Proof of Corollary 1: First, note that

(kl’—txi)st < S‘L'k2 < SATkA

kilf = (ki—a) T~ (f=ki0)* ki~ (f —ka)*’

2
given that spk4 > spkp and k4 > kp. Hence, (fsA;kA)z < u is a sufficent condition for max; % <
u. Hence, if (/‘A%A) < y, the y-policy is always marginally better than the a-flexible and the B-policy.
AT

Next, we have (ﬁfﬁii;)z > (Bfﬁj’j{;)z for B € [0, B]. Hence, if % > u, then the B-policy is
always marginally better than the y-policy, given any policy mix (B, ) for p € [0, B]. In other words, the

v-policy is always worse than the B-policy for B € [0, B] if the condition holds. [J

Proof of Corollary 2: Suppose k4 — co. Then we must have {4 — 1, u4 — o, 4 — 0,and A4 — 0.

Thus, we have for any policy mix (ap, B):

apApg (B+ f)

A
kB—tXB +'BB

- T
Ug (a, B) = Uc = Ap <9T+ a) —(1+9) [
Taking the first order derivatives:

alIG:(GTJr)M—(1+5)[“B(ﬁ+f)+ﬁ]a)‘3 (146)Ap (Bt ks,

dap dag kg —ap dup (kB —DCB)ZI
oUg T 0Ap ag (B+f) dAp ks
B _<9T+a> B (1—1—(5){ pa—— +B B (1+5)ABkB_“B.

512



Note that
8/\3 BCB o a/\B T d a/\B agB . BAB (kB —LKB)T

oty oup  oGp Prf oGy 9 s  (B+f)>°

o (B+ f)0Ap/9p = (kg — ap) dAp/dup. Furthermore, for the same amount of increase in subsidy value,

we have

[W+ﬁ:|d)\3+/\ ((ﬁ"‘f) —|:DCB('B+f)+ﬁ:|dAB+/\Bk kg dﬁ
B

kg —ap kg — ap kg —ap —ap
and thus dag/dp = (kg —ag) / (B+ f). Therefore, we should compare oUg/ (dap (B + f) / (kp — ap))
against oUg /9pB:
aUG/aOCB kB—DCB 8)\3/80¢B kB—OCB ﬁ—i‘f kB—DCB

dUc/op  Brf _ oAp/ap Prf Fkp—ws BIf

which means that the a-flexible policy and the B-policy are equivalent. The proof and conclusion are the
same for the subsidy minimizing problem.
Next, we compare the B-policy against the y-policy. According to Theorem 3, for the same amount of

increase in subsidy value, we should have dy/df = u/T. Given k4 — oo, we have

"E(T;fi)(a‘”) [9T+T}(T?;\§ [9T+ ]”“AB,
LR

Hence, given kpspT < j (f — kpT)?, there exists k% such that, if k4 > k%, the y-policy is always better
than the B-policy and thus the a-flexible policy. The proof and conclusion are the same for the subsidy
minimizing problem.

When k4 — kg, we should have kss4T < p (f — kA’Z.')Z given that sy < sg and kgspT < p(f — kBT)2.

According to Corollary 1, we know that y-policy is better than the other two policies. O

Proof of Proposition 8: Given any policy mix (B, y), we take the first order derivative of Ug with respect

to p and get
E)UG T 144] 0A;
Ai| 9T+f—(1+5)[5 Ty } —.
IZ Z wolop
It is easy to verify that 9%A;/ (9B0y) = adA;/dp for all i. Hence, gzﬁgfr = aa% - 17*‘57121 %Aﬁ Clearly,
we have dUg /9p = 0 at B = B* (7). In addition, recall that aﬁ*‘ > Aa {m] + )\B¢A@ and a;;}f >
—B
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kpspta kisita 2 _
{(ﬂffﬁ)] Appa 28 95 - Hence, W a > YA [[H;Tk)} > 0. Asaresult, 9°Ug/ (9B07) [g—p+ (1) =

— (148)(T/p) L;97:/3p < 0.0

Proof of Proposition 9: A sufficient condition for the failure of the y-policy to achieve the EV adoption
target D (i.e., T Y;_4 pA; > D) within budget constraint S < B is that

0(TXicaphri)  0(TXi—aphi) 97 _D— /\o

as oy '35 =B

According to the proof of Proposition 4, we know 95 /9y = Y;_a g Ai (1+ay) T/pand o (T Li—g g Ai) /0y =
Y.i—a p AiaT. Hence, the sufficient condition holds if auB < D — Ao.
Similarly, a sufficient condition for the failure of the B-policy to achieve the EV adoption target D (i.e.,
TY.i—apAi > D) within budget constraint S < B is that
O(TXizapAi) _ 9(TlizapAi) 9p _D—Ao 9(TrLiapri) D—Ag S

— P < ’ — - —<0.
as B as="B P B 9 ="

Define W () = T — (D — Ag) /B. Then the condition becomes d [W (B) ¥i—4 g Ai] /9 < 0. We first
consider B € [0, BT/ (D — Ag)] and thus W () > 0. From the proof of Proposition 5, we know

oW (B)Yi—apAil kasataW (B) D —1NAg . kasata D — AO
op = T(B+f—kat) B 1ZAIS l(f_kAT) ZA

i

Hence, the sufficient condition is guaranteed by ksssta/ (f —k AT)? < (D — Ag) /B. Next, suppose 3 >
BT/ (D — Ag), which suggests that TY_; A; < BY; A; (D — Ag) /B (i.e., the number of EVs in equilibriumis
fewer than the linearly targeted incremental number given subsidy value §); A;, or, the B-policy to achieve

the target). The result follows. [

Proof of Proposition S.1: First, the rational expectations of p4 and pp are not affected by the driver het-
erogeneity given the structure of the SP’s problem. As a result, p; = ¢; is still given by Equation (11). Given
pile utilization rates p o and pp, the expected cost of each charging at a point (u{ (04, 0g)) and the probability
of choosing a point (¢; (04, 0p)) are the same as those given by Equation (2), (3), and (4).

The marginal type residing at point 7 is z; ({4,¢B) = p — 7 + uj ({a,CB) /T;, and the arrival rate of

charging activities at point i is

LA [1—Hzp)l + 4 [1-Hzy)] i=A;

Tlep[1 - H(zp)] i=B



Accordingly,
7 Tg exp (au$,/Tp)

1 .
Tz n Taexp (au’y/Ta)

-1,

_Aa_ Pa
GO*AB <1+¢3)

and rg = mp/my = ({a/C) /Go. Define y; = T;exp (aul/T;) for i = A,B. It is easy to check that
dy;/dT; > 0if and only if u{/T; < 1/a. Therefore, dGg/dT4 > 0 and dry/dT4 < 0 if and only if u$ /T4 >
1/a;0Gy/9Tp > 0 and drg/9Tp < 0if and only if uy/Tp < 1/a. U

Proof of Proposition S.2: In Stage 3, suppose an SP’s charging fee at point i is f/, which could be different
from the fee f; in a competitive equilibrium. If f/ is too high, such that the total expected cost of charging
is always higher than with other SPs, then drivers will never visit the focal SP’s charging piles and the pile
utilization is zero. Otherwise, depending on whether itis f/ > f; or f/ < f;, fewer or more drivers will
choose this SP until the pile utilization there is lower or higher, such that the total expected cost of charging
is equal to that with other SPs. Denote as p; the focal SP’s pile utilization at point i given charging service
fee f/ and p; the pile utilization for other SPs. In equilibrium, a driver should be indifferent between visiting
this SP and other SPs. If a driver visits this SP, he or she will incur the search cost s;; with probability 1 — p/,
the driver will find a vacant pile and incur the cost of f/ 4 ¢;T; with probability p/, the driver will continue
the search and incur the total expected cost of f; + ¢;T +s; (1 — pi)_l. Therefore, in equilibrium, we should
have s; + (1 —p}) (f] +ciT) + p! {fi +eT+s(1— pi)fl} = fi+ciT+si(1—p;) ", or

-1

f)=1=si[fi~fi+sii-p)7] . (52)

i (

In Stage 2, suppose the equilibrium charging service fee at point i is f; (§;), given rationally expected
pile utilization ¢;. Given f; ({;) and rational expectations, each SP maximizes the total profit by optimizing
the charging service fee and the optimal fee equals f; ({;) in equilibrium. Applying the first order condition,

we should have
9
of

wherein p! (f) is given by Equation (S-2) with p; being replaced by ¢&; (because we only consider a marginal

[(B+£)pi ()] lp=f) =0, (S-3)

change in the fee). Accordingly, we have

ay__ SiGi )
fi (&) oc) B. (S-4)

In Stage 1, SPs determine m; and the EV buyers determine z} given rationally expected pile utilization

¢; and equilibrium charging fee f; (¢;). Based on Theorem 1, we can obtain the rationally expected pile
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utilization at point 7 by solving
(ki —ai) T
| = ——. S-5
S ES A &)

Denote the solution as ¢;. Combining (S-4) and (S-5), it is easy to demonstrate that

-1

& = {1+ \/Si (ki—a;) 'l (S-6)

Therefore, &} is not affected by the B-policy in this case. We thus claim that the B-policy is no longer
effective in motivating SPs to build more charging piles because SPs will always reduce the charging fee in
competition as the subsidy value increases under the g-policy. However, the B-policy can effectively reduce
EV drivers’ charging cost (due to the reduction in charging fee) and thus promote EV adoption. This also
offers an indirect incentive for SPs to build more piles. As a result, the B-policy in this case works in the
same way as the y-policy, the effect of which is not affected by the fee deregulation.

Given any policy mix (B, ), for the same increment of subsidy (i.e., (T/u) Y; Aidy + (Ty/p+ B) X dA; =
YiAidB+ (Ty/u+ B) X;dA;), the ratio of change in 7y over the change in § (i.e., dy/dp) is u/T. Hence, we
need to compare the impact of dvy against df = (T/u)dy. We know that §} is independent of both 8 and
7, so the impact of B and v are both through zi = p —y + uf/T. Under the B-policy, dzj = —dB/T =
—(T/pu)dy/T = —dvy/pu < —dvy; under the y-policy, dz; = —dv. Therefore, the increase in A; is always

larger under the B-policy, given a higher fiscal efficiency. The result follows. U
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