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ABSTRACT 

Demand bidding program (DBP) is one type of demand 

response programs that encourages large consumers to 

change their energy consumption pattern and reduce 

their peak to increase system reliability. With 

implementation of advanced metering infrastructure 

(AMI) system in distribution network, DBP has been 

adopted in practice by Mashhad Electric Energy 

Distribution Company (MEEDC) as a system operator. 

MEEDC’s DBP is a risk-free and internet-based bidding 

program that offers the candidate customers for 

voluntarily reducing power when a DBP event is called. 

This program is implemented for large consumers with a 

demand of 100 kW or greater aims to reduce peak 

demand of day in summer. Details of the program and the 

implementation issues are explored. 

INTRODUCTION 

In 2009, seven sites were selected from seven cities in 
Iran to run large-scale, pilot projects on the smart grid 
and smart community. Mashhad is one of these cities in 
which Mashhad Electric Energy Distribution Company 
(MEEDC) has the responsibility to implement smart grid 
road map. Demand side management (DSM) technology 
is one of the major goals in the smart grid projects.  
Based on the traditional functions, the smart grid DSM 
has new contents including automation, demand response 
[1], smart consume, remote energy efficiency monitor 
control, energy efficiency, power generation, and so on. 
Future smart grid integrates demand response programs, 
where consumers play principle roles in optimizing 
energy consumption profile.  
Demand bidding program (DBP) is one type of demand 
response programs that offers customers incentives for 
reducing demand when called by system operator to 
increase system adequacy [2,3].It is worth noting that the 
demand bidding is typically presented for purchase 
allocation problem in electric energy market [4-6]. In 
connection with demand response concept, demand 
bidding for consumers is relatively new program which 
involves no competition and risk-free approach to reduce 
energy consumption of large consumers. These two 
concept of demand bidding are quite different in terms of 
features and purposes. Demand bidding program for 
consumers is also useful for system operator due to 
improving efficiency of distribution and energy price 
stability. It has been recently adopted in practice by 
Southern California Edison (SCE) [7] and Pacific Gas 
and Electric Company (PG&E) [3].  
One of requirements to implement DBP is AMI system 

[8] in distribution network. This system is implemented 
in Iran. A new version of the DBP is developed and 
implemented in practice by MEEDC as a system operator 
which will be discussed in details in this paper. Mashhad 
Electric Energy Distribution’s Demand Bidding Program 
(MEEDC’s DBP) is a risk-free and Internet-based 
bidding program that offers the industrial customers for 
voluntarily reducing power when a DBP event is called. 
If the candidate customer can reduce power on event day 
when a DBP event is activated, it will be rewarded. On 
the other hand, if the candidate fails to reduce the energy 
according to the requirement, there is no financial 
penalty. This risk-free feature of DBP attracts most of the 
large-scale customers. Mashhad is the second major city 
of Iran with more than 1.4 million of consumers [9,10]. 
As shown in Fig. 1, industrial consumers (which 
contained less than 1% of whole consumers in Mashhad) 
approximately consumed 24% of final energy 
consumption in 2015. Until now, more than 700 large-
scale candidate customers with a demand of 100 kW or 
greater (during the preceding 12 months) equipped with 
or without emergency generation units, are participating 
in MEEDC’s DBP. 
 

The participation days (DBP events) would be predicted 
previously based on load forecasting algorithms and 
would be notified before 14:00 PM of the event day for 
participating during 4 hours of the day event. The 
customers receive the reward if the minimum amount of 
their energy reduction meet 15% of their baseline.  In this 
paper, we discuss the DBP that is currently used in 
practice and formulate the corresponding mathematical 
optimization problem. Specifically, the problem is to 
determine the optimal bid that maximizes the expected 
reward subject to requirement of the operator. 

Fig. 1: Electricity consumption in each consumer groups 

in Mashhad 
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DEMAND BIDDING 

The Demand Bidding program is optional for customers 

with billed maximum demand of 100 kilowatts (kW) or 

greater during the past year. In one case, the candidate 

customer can choose the amount of energy reduction in 

terms of bidding value for a specific bidding event with 

two options. 1) Manually bid after receiving a day-ahead 

event alarm, in other word, customers may submit only 

one bid for each notification and indicate the amount of 

kW it will reduce for each hour of the event. 2) Standing 

bid which allows customers to bid at beginning of the 

participation period and applying it to future events. In 

another case, the biding value is determined by system 

operators or demand response aggregators. If the actual 

amount of energy drops to certain requirement, the 

customer will be rewarded. On the other hand, for the 

lack of joint participation in reducing the energy in the 

event no financial penalty is considered. This risk-free 

feature attracts interest of large customers. 

In DBP, to calculate reward a minimum amount of 

energy reduction is considered which can be determined 

with different methods [11]. In one method, the amount 

of actual energy reduction must drop between certain 

percentages of the bid amount. In another one, a Fix 

amount per kW is considered as minimum bid 

requirement during any hours of the event. Event period 

is generally four hours associated with peak condition in 

a single day event. It should be noted that cooperation 

will be investigated only during this period following a 

call event. 

An event is called in the following emergencies: 

 According to forecasts by the network operator of 

the total demand for the day-ahead  

 Prediction a rise in temperature for the day-ahead 

 Lack of adequate productive resources for the day- 

ahead 

The implementation requirements of the program are as 

follows: 

 Network should be equipped with AMI system 

which allows to measure and record data in 15-

minute intervals to monitor the consumption 

behaviour of end-user. Now all large customers in 

Mashhad are equipped with smart meters and 

consumption data in the form of reports and graphs 

are available for display in a Web application. 

 Messaging system is required to confirm 

acceptance and rejection of participation in the 

event. Candidate customers must have access to 

the Internet or communication tools in order to 

send/receive alarm message and determine biding 

value. It is noteworthy, the customer is responsible 

for correct sending and receiving of messages. In 

other word, candidate customers must always 

check the website. 

 Demand Response Providers / Aggregators 

(DRP/AGG): These entities are required to review 

the existing potentials in rewriting program, 

adjusting the contracts, registering customers, 

supporting the implementation of programs and 

billing. 

IMPLEMENTATION OF MEEDC’S DBP 

Large customers with a demand of 100 kilowatts (kW) or 

greater in any 3 months during the preceding 12 months 

are eligible to enroll and participate in DBP. Customers 

who are selected for participation in DBP are encouraged 

to reduce their energy consumption during the events that 

occur in summer. In this way, demand response provider 

(DRP) entity of MEEDC may dispatch at its discretion, to 

one or more customers, a day-ahead event notification by 

14:00 PM. DRP will dispatch only one event per day for 

a minimum of two hours and a maximum of four hours 

during 11:00 AM to 15:00 PM. Total hours of the event, 

during the summer (the period of cooperation) will be 

less than 200 hours. Customers must reduce energy 

consumption more than 15% of their hourly baseline 

value. A valid customer specific energy baseline is 

calculated by averaging maximum load during two month 

prior to beginning participation period. 

For customers who are equipped with backup generating 

resources such as diesel generator and CHP, MEEDC 

provides some benefits such fuel subsidies to make the 

possibility of biding optimal amount of energy reduction 

and so more profits. Customers can provide a part of their 

base load during event by using these resources. This 

makes better situation for customers to schedule optimal 

bidding value. 

In addition to large industrial customers who are the best 

candidates for DBP implementation, hotels, city centers, 

entertainment centers and offices are proper customers 

for inserting to this program [11]. Generally these 

customers are equipped with emergency backup such as 

diesel generators, CHP and solar generators. Insertion of 

these resources in event hours causes reduction of energy 

consumption with minimal change in their consumption 

pattern. If the customers aren’t equipped with these 

resources, they can account on managing their air 

conditioner, lightening, heater and cooler systems for 

participating in DBP.   

Reward or consumption credit is determined by 

DRP/AGG based on Rial (R) (Iran's currency) per kWh. 

This credit can be differently determined by DRP/AGG 

discretion according to customer activities, and network 

condition in the view of reliability and increase of 

generation cost. For example, in California this amount 

sets on 0.5 $/kWh by PG&E and SCE companies which 

is fixed over participation period for their load zones. In 

MEEDC this reward can be assigned in constant amount 

2500 R/kWh which is sum of low load, mean load and 

full load tariffs (TOU tariffs) for day-ahead events.  

DATA MINING 

As is mentioned previously, one of the requirements for 
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proper implementation of demand side management is 

AMI system and data mining. In this regard, MEEDC 

designs a website-based real-time monitoring system to 

observe participations of customers carefully. 

Meanwhile, it is possible that customers can follow their 

operations and acquired rewards. Some important duties 

of the web service are as follow: 

 Notification of participants: based on 

participation contract, the participants must be 

notified to the participants before 14:00 o’clock 

of the day before the event day. There were 3 

types of notification: email, SMS and web 

service. 

 Load data of participants: consumption and 

demand of electricity data for each participant 

was monitored in order to find out the level of 

participation. 

 Participant portal: each participant had a 

password secured portal and participants are able 

to get their hourly load and consummation data. 

This opportunity enables the participant for cost 

saving planning. 

 Real-time price management: this web service is 

also has the ability of real-time calculation of 

incentives and it is accessible for both 

participants and operators. 

Fig. 2 shows mining tools for observing customer 

performance. In this figure, the columns present the 

amount of demand in event hours of one day. Red colour 

illustrates the lack of the customer cooperation in specific 

hour. For instance, Fig. 3 shows the pattern of daily 

consumption of a customer and its response to 

requirement during a specific event. In this case, 

customer has pledged to reduce its consumption to less 

than the appointed requirement. As previously 

mentioned, customers who equipped with emergency 

power generation system (mostly diesel) are able to enter 

them during event time and receive rewards. Fig. 4 shows 

load profile of a hotel that can reduce its energy 

consumption to less than requirement with starting its 

diesel generator. In this participation, hotel could auction 

approximately 350 kW from its consumption. 

DEMAND BIDDING FORMULATION 

In another study, this paper addresses a computational 

approach to help the customers in reaching maximal 

benefits subjected to DBP. This section presents an 

optimization problem including maximum reward as 

fitness function and energy reduction band as problem 

constraints. By solving this problem, amount of reduction 

(bid) will be calculated optimally which is beneficial for 

customers in improving expected reward. It is notable 

that this formulation is useful for customers who can 

schedule consumption devices in order to change 

probability distribution function. In other words, 

customers can have direct control on their consumption 

devices computationally. In this way, consumers can use 

their emergency generation resources which are more 

controllable. However, this formulation can also be used 

non-scheduled loading. 

The optimization problem is formulated as follow, 

1

e
t t

t t
t

T
E b .l

t t t t tE b .h
b t

( E x ).r . f ( x )dxmax





                    (1) 

t t tl.b b h.b   

 

where, bt is bid amount at hour. f(xt) is probability 

distribution function (pdf) of total customer energy 

consumption xt during hour t. tE denotes mean energy 

consumption during hour t without load scheduling. rt is  

pecuniary reward per unit of energy reduction. Te is total 

demand bidding event hours. Respectively, l and h are 

minimum and maximum amount of reduction eligible to 

receive reward. They are defined in terms of a fraction or 

percentage of the bid.  

In (1) the parameters, rt, Te, l and h are given by the 

MEEDC/DRP and bt is chosen by the hotel. tE and f(xt) 

are defined by the behaviour of customer energy usage. 

Note that the above optimization can be applied with and 

without load scheduling. Without load scheduling the 

amount of bid may not be tuned optimally. It is notably 

that bt is independent of f(xt) with load scheduling, will be 

Fig. 4: load profile of a hotel with starting its diesel 

generator during a specific event day 

Fig. 2: mining tools for observing customer 

performance 

Fig. 3: pattern of daily consumption of a customer 

and its response to requirement during a specific 

event day 
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the respective pdf of customer energy consumption with 

load scheduling.  

In practical case, f(xt) is typically unknown. Therefore, an 

empirical distribution from measurement might be used 

instead. If large enough data were recorded in the past, 

we can estimate the required distribution of total energy 

consumption using a statistical method. In many cases, 

the energy consumption in a building can be suitably 

modelled by a Normal distribution according to the 

measurement [12]. In particular, Normal distribution 

provides a good fit during high load hours [12]. 

To simplify the optimization is done for each hour of the 

demand bidding event hours based on defined function 

(2) and using numerical derivative method [13] which 

allows us to determine the optimal bid. 

t t

t t

E b .l
t t t t tE b .h
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where: 

En is mean or expectation of the distribution. 

σn is standard deviation. 

σn
2
 is variance. 

The expected reward at hour t based on *
tb is calculated 

as follows, 
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Without load scheduling, 
t nE E  the optimal bid in (3) 
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In this situation expected reward at hour t is found by,  

2 2 2 2

2 2

2

h h
l ln( ) h ln( )

l l* n h l h l
tDB ( e e )

 
 

 


 (7) 

As can be seen, the reward in comparison with (4) can be 

assessed at a lower value without scheduling. By 

adjusting En and σn
2
 of pdf, customer can achieve to 

further reward.  

CONCLUSION 

The demand bidding program is optional for customers 

with billed maximum demand of 100 kilowatts (kW) or 

greater during the past year who voluntarily commit to 

reduce their energy consumption for at least four 

consecutive hours during an event. In this paper, the 

procedure of MEEDC’s DBP is presented and its impact 

on load profile is investigated. In addition, this paper 

offers a computational approach of DBP to get the 

maximum reward to encourage more customers. The 

MEEDC’s DBP could have 61 MW reduction in a 

specific hour of an event day in summer. 
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