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Blockchain-enabled Power Usage Quotas Allocation Method for Air Conditioning Loads
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ABSTRACT: An air conditioning load is an important demand
response resource, which can provide demand response
capabilities driven by price signals and direct control. Existing
price-driven mechanisms are often unable to accurately meet
preset load reduction targets, whereas direct control
mechanisms are usually unable to respect users’ autonomy. A
power usage quotas allocation mechanism for air conditioning
loads was proposed, including four stages, i.e., submission,
reduction, transaction, and settlement. It ensures user’s
autonomy while being able to achieve expected load reduction
targets. In addition, this paper proposed a method to implement
the mechanism based on blockchain, which ensures the
transparency and security of the mechanism. Based on
blockchain technology, the power company only needs to set
the load control target rather than directly dispatching air
conditioning load. Air conditioner users collectively dispatch
their responsive loads on blockchain, reducing the burden of
the power company. The simulation results on Ethereum
private chain show the effectiveness of this mechanism.

KEY WORDS: blockchain; air conditioning load; demand
response; power usage quotas
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Fig. 1 Relationship between blockchain and

“3 functions and 2 networks”
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Fig. 2 Change process of users’ PUQs
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A 0.6 0.7 -157.5 5000
B 2.2 2.4 -660.0 4700
C 5.7 5.6 —1484.0 0
D 9.1 9.2 —2453.0 10000
E 0.0 0.0 2741.0 12400
F 0.0 0.0 1009.0 6000
G 0.0 0.0 1004.5 8000
H 4.2 4.2 0.0 5200
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An air conditioning load is an important demand
response resource, which can provide demand response
capabilities driven by price signals or direct control.
Existing price-driven mechanisms are often unable to
accurately meet preset load reduction targets, whereas
direct control mechanisms are usually out of users’
control.

To ensure user's autonomy while being able to
achieve expected load reduction targets, this paper
proposes a power usage quotas (PUQs) allocation
mechanism for air conditioning loads, including four
stages, i.e., submission, reduction, transaction, and
settlement. In addition, the mechanism is implemented
on the blockchain, which ensures the transparency of the
mechanism and reduces the calculation burden of the
power company. The complete mechanism based on
blockchain is described as follows:

1) Submission of PUQs: Air conditioner users
submit the optimal load demand value according to their
comprehensive cost (shown in (1)-(5)) before the
upcoming demand response period to the smart contract
as their initial PUQs.

Ctotal — Cele + Cdiscomfort (1)

C = EpAt )

ComMt = (T — T )2 At 3)

T* +(afAt—DT™ + PAtp = AT 4
C* = EpAt + wlafAtT*™ —(affAt —1)T™ —

Piip =TT At (5)

The relationship between the comprehensive cost
C*°“ and electric power p is a quadratic function. Thus
the optimal load demand value can be easily obtained.
Then air conditioner users submit their corresponding
deposits to the smart contract as (6)

Ddcposit — pmaXD LAt (6)

2) Reduction of PUQs: The smart contact reduces
users’ initial PUQs in accordance with the established
users’ queue according to the load reduction targets.

3) Transaction of PUQs: Users whose initial PUQs
are reduced can be buyers, while others can be sellers.
According to their comprehensive costs, buyers and

S1

sellers formulate their bids to participate in the double
auction market.

4) Settlement of PUQs: The smart contract collects
the actual load value of users in the demand response
period. The smart contract refunds the deposits of
“honest” users and deducts the deposits of “dishonest”
users.

To wverify the effectiveness of this proposed
mechanism, the smart contract is deployed on the
Ethereum blockchain and a scenario consisting of 8 air
conditioning users is tested. Data about the deposit and
initial PUQs of air conditioning users in stage 1 and
reduction of the PUQs in stage 2 are shown in Tab. 1.
Then the PUQs are reallocated through the double
auction market in stage 3. Verification and settlement in
stage 4 are shown in Tab. 2.

Tab.1 Deposits and initial PUQs of users

User Rated Deposit/ Initial Reduced Old New
power/kW token PUQs/kW  PUQs/kW  order order
A 5.0 5000 3.0 0.0 1 5
B 4.7 4700 2.4 0.0 2 6
C 6.6 6600 5.6 0.0 3 7
D 10.0 10000 9.2 0.2 4 8
E 12.4 12400 10.0 10.0 5 1
F 6.0 6000 4.0 4.0 6 2
G 8.0 8000 3.7 3.7 7 3
H 52 5200 4.2 4.2 8 4
Tab.2 Settlement of PUQs and payments
User Actual Obtained Transaction Refund
power/kW PUQs/kW profit/token deposit/token
A 0.6 0.7 -157.5 5000
B 22 2.4 —660.0 4700
C 5.7 5.6 —-1484.0 0
D 9.1 9.2 —2453.0 10000
E 0.0 0.0 2741.0 12400
F 0.0 0.0 1009.0 6000
G 0.0 0.0 1004.5 8000
H 4.2 4.2 0.0 5200

Simulation results show that this mechanism
ensures the demand response load reduction target while
guarantees users’ autonomy of power usage. And the
blockchain platform reduces the calculation burden of
the power grid company and guarantees transparency.



