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Shenzhen’s residential inclining tier rates are designed to encourage electricity
conservation. However, the rates for customers with relatively low consumption fall
below Shenzhen’s estimated marginal generation cost, leading to economically
inefficient overconsumption. Therefore, we propose an incentive scheme with voluntary
participation to promote residential electricity conservation. We further demonstrate
that this scheme is Pareto superior, as its implementation can benefit participating
customers without adversely affecting the electric utility or non-participating customers.

I. Introduction

China leads the world in energy consumption and carbon
emissions. Its population of approximately 1.4 billion sug-
gests that residential electricity conservation plays a criti-
cal role in China’s deep decarbonization efforts to achieve
carbon neutrality by 2060 (Bataille et al., 2016). Hence, the
goal of this paper is to propose an incentive scheme for res-
idential electricity conservation in Shenzhen, China’s high-
tech manufacturing hub with a population of about 17.8
million.

Our geographic choice reflects that Shenzhen is one of
the four zones selected in 1978 for testing economic lib-
eralization and market reform. If the scheme is effective
in Shenzhen, it presents similarly promising prospects for
other regions in China. In short, success in Shenzhen’s res-
idential electricity conservation is essential for advancing
China’s pathway to deep decarbonization.

To provide the contextual background for our paper,
Table 1 presents Shenzhen’s residential tariff with inclining
tier rates, whose design has been found to induce con-
servation (Liu & Lin, 2020; Orans et al., 2009). However,
the rates for customers with usage levels below the Tier
2 threshold are lower than Section II’s estimate of Shen-
zhen’s marginal generation cost (MGC), which incorporates
carbon pricing as suggested by Stavin (2008). Reducing this
overconsumption through mandatory marginal cost pricing
can trigger significant bill increases, inevitably prompting
customer opposition (Woo et al., 2023). Hence, we propose
an incentive scheme that encourages voluntary participa-

tion, thereby minimizing adverse bill impacts and customer
opposition to residential conservation efforts.

The scheme is applicable to China’s other megacities like
Beijing, Shanghai, and Guangzhou because (a) the residen-
tial inclining tier rate design was established nationwide
in 2012 (Liu & Lin, 2020); and (b) these cities have mar-
ginal generation costs (MGC) like Shenzhen’s. As a result,
our paper makes three noteworthy contributions. The first
is methodological, as the proposed scheme’s design is un-
precedented in the literature on China’s inclining tier rates.
The second is empirical, demonstrated by the scheme’s es-
timated conservation effectiveness. The third is policy-re-
lated, as adopting the scheme would advance China’s path-
way to deep decarbonization in pursuit of carbon
neutrality.

The reminder of the paper is organized as follows. Sec-
tion II provides a discussion on data and methodology used
in this study, followed by discussion of main findings in
Section III. The final section concludes the paper.

II. Data and Methodology
A.Data

This section seeks to estimate Shenzhen’s marginal cost
(MC) of electricity end-use consumption, which is essential
for efficient ratemaking (Woo et al., 2023). As outlined by
Sreedharan et al. (2012), with MGC and MTDC denoting
marginal generation cost and marginal transmission and
distribution cost, respectively. The focus of this analysis is
on Shenzhen’s MGC, as publicly available data for trans-
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Table 1. Shenzhen’s residential electricity tariff with inclining tier rates in 2024

Season Definition Tier 1 Tier 2 Tier 3
kWh Rate (CNY/ kWh Rate (CNY/ kWh Rate (CNY/
usage kWh) usage kWh) usage kWh)
Summer May to 0to 260 0.6452 261to 0.7042 > 600 0.9542
October 600
Non- Other 0to 200 0.6452 201to 0.7042 > 400 0.9542
summer months 400

Note: Both tier 1 and tier 2 rates are lower than the MGC estimate of 0.8769 CNY/kWh.

mission and distribution expansion necessary to estimate
MTDC is lacking.

The calculation of the MGC employs the following for-
mula, which incorporates three components as presented
on the right-hand side of Equation (1):

MGC = MEC + MCC + MKC (1)
here, MEC refers to the marginal energy cost (CNY per
MWh), MCC represents the marginal carbon emissions cost
(CNY per MWh), and MKC denotes the marginal capacity
cost (CNY per MWh). Each of these components is detailed
below.

In consideration of China’s LNG importsl, the MEC es-
timate of 688.39 CNY per MWh is derived by multiplying:
(a) a 7 MMBtu per MWh heat rate (HR) for combined cycle
gas turbines (CCGT); (b) an average line-loss factor of 1.05;
(c) the monthly average LNG Japan/Korea Marker PLATTS
futures price of 12.83 USD per MMBtu (covering February
2025 to January 2026, sourced from the CME GroupZ as of
19 December 2024); and (d) the prevailing exchange rate of
1 USD = 7.30 CNY in December 2024.”

The MCC is estimated at 100.97 CNY per MWh, calcu-
lated by multiplying the average line-loss adjustment fac-
tor, CCGT’s HR, LNG’s CO,, content (0.212 tonne of CO2e
per MMBtu)4, and Shenzhen’s carbon price (64.80 CNY per
tonne of CO2e in 2024, source https://carbonpricingdash-
board.worldbank.org/). A projected 10% increase in Shen-
zhen’s carbon price for 2025 raises the MCC to 111.07 CNY
per MWh,5 which does not significantly affect the findings
reported in Section III.

The MKC, roughly 87.5 CNY/MWh, is derived from a
~100,000 USD/MW-year estimate for new CCGT (PJM, 2018)
divided by 8,760 hours, multiplied by the 1.05 line-loss fac-
tor and a 1 USD = 7.30 CNY exchange rate (Dec 2024). This
estimate sufficiently demonstrates per kWh incentive de-
termination; moderate changes (¥20%) do not materially
alter results.

The preceding numbers indicate that MGC = 876.9 CNY
per MWh, which is equivalent to 0.8769 CNY per kWh. Tier
1 and 2 rates in Table 1 (below 0.71 CNY/kWh) result in
overconsumption, which could be addressed by mandatory
marginal cost pricing (Woo et al., 2023). However, as this
would greatly increase bills for low-use customers, we rec-
ommend a voluntary incentive scheme to encourage con-
servation without customer opposition.

B. Methodology

The proposed incentive scheme (“Scheme”) is modelled
after BC Hydro’s electricity pricing for commercial conser-
vation (Orans et al., 2010). Implementation involves a two-
part billing process. The first component represents the
electricity charges for a participant’s baseline consump-
tion—what usage would have been in the absence of the
Scheme. The second component comprises a bill reduction
equal to the incentive payment for reduced consumption.
The sum of these two components constitutes the partici-
pant’s total bill.

Given that the Tier 3 rate exceeds the MGC estimate,
the following variables are employed to define the Scheme
for eligible customers whose consumption falls below the
Tier 2 threshold. The first variable is I (per kWh incentive),
set as MGC to maximize conservation impact; if Shenzhen’s
MTDC estimate were available, it would be included in this
calculation. The second variable, MR, denotes the marginal
electricity rate: for small customers with usage below the
Tier 1 threshold, this is the Tier 1 rate, while for medium
customers below the Tier 2 threshold, it is the Tier 2 rate.
The third variable, X, reflects an eligible customer’s base-
line consumption for a specific month (e.g., July 2025), ex-
cluding the per kWh incentive; it is measured as the me-
tered consumption from the same month of the prior year
(i.e., July 2024) (Orans et al., 2010). Provided there are no
substantial interannual variations in weather or personal

2 https://www.cmegroup.com/markets/energy/natural-gas/Ing-japan-korea-marker-platts-swap.html

3 The MEC estimate is 698.07 CNY per MWh when (c) is revised to reflect the LNG futures prices downloaded on 18 March 2025 and (d) is
the exchange rate of 1 USD = 7.30 CNY in the first 20 days of March 2025. Hence, updating (c) and (d) increases the MEC estimate, thus
magnifying the per kWh conservation incentive detailed in Section III.

4 Due to liquefaction, transportation, and regasification, the carbon footprint of LNG is approximately four times that of natural gas,
which has a carbon content of 0.053 tonnes of CO2e per MMBtu (North Sea Transition Authority, 2023).

5 https:

www.clearbluemarkets.com/knowledge-base/chinas-carbon-market-the-evolution-challenges-and-o
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income, determining X based on historical consumption
is reasonable, supported by methodologies used in North
America for two-part real-time pricing mechanisms (Woo
et al., 2014). The fourth variable, Y, captures actual metered
consumption during the post-enrolment month (e.g., July
2025). The fifth, (X — Y), represents the reduction in elec-
tricity consumption attributable to the Scheme’s incen-
tives.

Using these variables, the Part-1 bill for a participating
customer is represented by Z for X kWh at the prevailing in-
clining tier rates. The Part-2 bill reduction is calculated as
R = I x (X — Y). Thus, the customer’s final bill is (Z -
R), which will be less than Z when (X — Y) > 0and R >
0. If consumption Y surpasses X, then R becomes zero, and
the customer’s final bill equals the amount for Y kWh billed
at the applicable inclining tier rates.

II1. Main Results

This section illustrates the Scheme’s Pareto superiority
by demonstrating that its implementation can enhance
participating customers’ welfare without disadvantaging
the electric utility or other customers. The proof is based
on the analysis of four possible scenarios:

Case 1: An eligible customer opts not to participate in
the Scheme because (X - Y) < 0, resulting from anticipated
increases in usage due to changes in family size or major
appliances. This decision has no impact on the utility or
other customers. Case 2: X > Y arises from a participating
customer’s unforeseen increase in usage (e.g., additional
air conditioning during an extended heatwave). As the cus-
tomer’s final bill reflects Y kWh charged at the respective
inclining tier rates, the Scheme does not negatively affect
the customer, the utility, or other customers. Case 3: X =
Y, indicating a price-insensitive participant. In this situa-
tion, the Scheme leaves the customer, the utility, and other
customers unaffected. Case 4: X > Y as a result of price
sensitivity, illustrated by the demand curve in Figure 1.
Here, the customer achieves a bill reduction equal to area
(A + B + (); although there is a consumer surplus loss
equivalent to (A + C), a net gain represented by area B re-
mains. While the incentive payment may reduce the util-
ity’s revenue, it does not adversely affect operating profits
or average rates for other customers, as I = MGC and R
denotes the avoided generation cost facilitated by reduced
customer usage.

Focusing on residential electricity conservation, we eval-
uate the Scheme’s viability based on the percentage re-
duction in electricity consumption, calculated as
(X -Y)/X = E x [(I — MR) / MR], where E repre-
sents the own-price elasticity of residential electricity de-
mand. Table 2 indicates that small participating customers
can achieve reductions between 3.6% and 18.0%, while
medium customers see reductions ranging from 2.5% to
12.3%.

For context, Table 3 outlines Shenzhen’s voluntary resi-
dential time-of-use (TOU) rate option. Several points high-
light the relative advantages of the Scheme. First, the
Scheme’s straightforward single incentive per kWh con-
served contrasts with the TOU option’s complex nine-tiered

CNY
per kWh

Monthly
demand
curve

MR

KWh per
month

Figure 1. The Scheme’s effect on the electricity
consumption of a price-sensitive participating
customer

Note: The figures illustrate the Pareto superiority of the scheme, as discussed in Section
IIIL

rate structure, designed for revenue neutrality. Second, de-
viations of TOU rates from Shenzhen’s MGC estimates con-
travene the marginal cost pricing principle, leading to eco-
nomically inefficient time-differentiated consumption
(Woo et al., 2023). Third, the TOU option’s peak rates sur-
pass—and off-peak rates fall below—the non-TOU rates,
resulting in overall peak demand reductions being out-
weighed by off-peak reductions due to lower price respon-
siveness during peak periods (Woo et al., 2017). Finally, the
TOU rate option fails to meet Pareto superiority, as it does
not adhere to Mackie-Mason’s (1990) design guideline that
the rate for a TOU period should be set between the ap-
plicable non-TOU marginal rate and that period’s MGC es-
timate.

IV. Conclusion

We conclude by highlighting the following key findings,
which constitute the novelty of this paper and have not
been previously reported in the literature on electricity
product differentiation (Woo et al., 2014). First, Shenzhen’s
residential inclining tier rates for small and medium cus-
tomers are below the marginal generation cost estimate
that incorporates carbon pricing. Second, the adverse bill
impacts on small and medium customers caused by manda-
tory marginal cost pricing motivate our proposal of a Pareto
superior incentive scheme with voluntary participation. Fi-
nally, even though participating customers may be only
moderately price-responsive, the Scheme is more effective
than Shenzhen’s revenue-neutral TOU rate option in en-
couraging electricity conservation. The policy implication
of these findings is that the Scheme merits pilot testing to
determine its customer acceptance and conservation effec-
tiveness.
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Table 2. Conservation effect of the Scheme at the incentive I = MGC estimate of 0.8769 CNY per kWh

The size of a participating MR = Marginal (- E = Own-price elasticity
customer who is price rate (CNY per MR)/
sensitive KWh) MR -0.1 -0.2 -0.3 -04 -0.5
Small 0.6452 0.3591 -0.036 -0.072 -0.108 -0.144 -0.180
Medium 0.7042 0.2452 -0.025 -0.049 -0.074 -0.098 -0.123

Note: The conservation effect of the Scheme is calculated as the percentage change in electricity consumption, given by E x [(I — M R)/MR)]. The range of own-price elasticities
comes from a -0.64 estimate (with a standard error of 0.25 ) for China’s Eastern region, as reported in Jia et al. (2021, Table 6).

Table 3. Shenzhen’s time of use (TOU) rate option with inclining tier rates

Panel A: TOU rates (CNY per kWh)

TOU definition

Peak period: 10:00 - 12:00; 14:00 - 19:00 (7 hours per day)

Mid-peak period: 08:00 - 10:00; 12:00 - 14:00; 19:00 - 24:00 (9

hours per day)

Off-peak period: 00:00 - 08:00 (8 hours per day)

Tier 1 Tier 2 Tier 3

1.1121 1.1621 14121
0.6542 0.7042 0.9542
0.2486 0.2986 0.5486

Panel B: Weighted averages of TOU rates by tier based on 8,760 hours per year

TOU definition Annual number of hours Tier 1'sTOU Tier 2’s TOU Tier 3's TOU rates
rates rates
Peak period 2,555 11121 1.1621 14121
Mid-peak period 3,285 0.6542 0.7042 0.9542
Off-peak period 2,920 0.2486 0.2986 0.5486
Weighted averages of TOU rates with weights = hours per year 0.6526 0.7026 0.9525

by TOU period

Note: The determination of a participating customer’s bill involves identifying the appropriate TOU rates based on the customer’s total energy consumption and subsequently apply-
ing these rates to the usage recorded during each TOU period. The bottom row of Panel B confirms that the design of the TOU rate option maintains revenue neutrality.
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