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once a static network into a more flexible grid. Microgrids have also been deployed to serve

supply and demand have resulted in complex systems where inefficiencies are possible and

stored efficiently, therefore, managing such resource requires considerable attention.



dresses different aspect of the electrical power generation and consumption using opti-

More specifically, in real-time, we present and implement a model of how to organize a

guarantees efficient execution and a method for the fair distribution of collaboration gains.

equal collaboration profitability

which are formally defined in the dissertation.

to efficiently operate at the specified time intervals with minimal overhead cost.



Previously power consumers are becoming power producers. Houses can be outfitted with

such collaboration. More specifically, I propose how to develop such methods for both the



Different Commercial and Industrial (C&I) organizations or units within these organiza-

services such as office lighting or computer servers may not tolerate shortages or delay in




Considering all these complexities, it becomes obvious that there is a benefit and a room

different power resources. In real-time interaction, an issue like how to best organize a

the market within different time-frame considerations that are applicable to the nature of

the market is also necessary for the effective operation of the market. Finally, the benefits

efficient fashion to motivate participants to better provide more accurate information that

would not affect their gains from the participation.

ational planning of the use of different resources. To achieve such collaboration, many



questions need to be addressed. For example, an efficient and transparent coalition for-

benefit by joining a coalition, there is a decision of what is the best coalition given the units’

different available resources. Assuming the coalition is determined, there is also the question

of how to optimally plan such that every unit’s benefit is maximized. A primary market
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tion. There have been numerous efforts on how to best structure the market to increase



to demand and price changes of getting power, the question of how to distribute the benefit

the impact on a unit of the coalition differ according to its size and order of joining such

the consortium without negatively affecting the benefit of any single organization as a result

the electric power life cycle while not taking into consideration the overall effects of such

running a specific service. Stakeholders are rarely consulted on the actual benefit (or utility)

or running a specific service. This process is either considered costly or infeasible especially

abstracted as an overall benefit. Providing this information is vital to the determination of



Furthermore, most existing models aim to either improve efficiency or simply just cut

options. This utility power contract typically specifies the rate that the cost of power is to

be calculated which usually has two parts. The first part is the cost of total kWh quantity

cost of peak demand which, if exceeded, penalty rates apply which could affect the entire

short time (e.g., 30 minutes), it could affect the cost per kW over the entire term of the

be expensive but at certain times it could be a cost effective choice due to the higher cost of



for different purposes (e.g., reducing peak demand, enhancing reliability, reducing capital

simply means that these loads can be deferred up to a certain extent without much effect

effects of a single decision without a comprehensive framework that enables an organization
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generation temporarily until that demand is satisfied. This scenario poses an important
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possible that this unit can afford to shut down a service if another unit or department

significant peak demand overage costs or resorting to spot market.

Organization

Service 1

(lighting})

of peak demand, and fair distribution of collaboration benefits).



defined properties of

quantity required for these services over a specified time horizon. The market resolu-

guarantees the formally defined properties of

benefit distribution fairness.



I also defined four properties that the market resolution must satisfy, namely,

equal collaboration profitability

model and prove that it satisfies the desirable market properties.

components formally defines the cost, revenue, intrinsic value, constraints, and control

that the implemented system is feasible to operate efficiently within required time






laboration. The first section present an overview of the deregulated power markets. The

characteristics [7]. Most of the work is concerned with different parts of market design,

Different approaches to the use of auctions in electric markets has been investigated, e.g.,in

consumers power procurement optimization by evaluating different procurement options

some effort to control peak demand and reduce overall consumption by using physical im-

Furthermore, such concepts have been employed in other fields like computational sys-



Renewable resources are becoming a significant part of the energy for a growing number

to be a significant part of energy portfolio.

sources which is that it is difficult to predict their throughput over a long time horizon

efforts to deal with reducing power consumption costs either through improving technolog-

ical efficiency or through market supply and demand mechanisms. An extensive body of

are motivated by being promised financial incentives if they comply. Demand response en-



customers of a power company where participants place bids that correspond to benefits

time span compared to flat-rate and other schemes and resulted in the reductions of peak-

and the cascading effects of power components planning for units of an organization or

propose a fair mechanism to sharing the extra benefit of collaboration versus working alone

the problem of finding the most optimal and cost effective operational planning of power

resources (e.g., nuclear, thermal, renewable). While this approach is very effective for the



an overview of a typical microgrid installation. As can be seen in the figure, microgrids

can afford reduction in power and there also loads that can delayed or rescheduled. Smart



Decision support system can be defined as a computer application that support complex

recommendation based on specific optimization models [36-38].



is defined as:
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value also defines a number of axioms and provides proves a proof that these

axioms are satisfied. The axioms include:

Efficiency: This axiom simply means that the sum of all players



smaller subcoalitions that maximizes their value. A payoff vector

Complete). A value function of an MILP type would make calculating possible payoffs for all



decision optimization, and guarantees the formally defined properties of

consumption which help maximize their returns. Short spikes in power consumption affects

peak-demand (kW) that an organization reaches during a specific contractual consumption

period. This peak-demand constitutes a significant part of the electric consumption cost



of electricity to increase significantly. Therefore, C&I customers are motivated to reduce

comprises of different units (e.g. schools, departments, centers, etc.). These units need

Power) provides power to GMU according to an agreed upon contract which specifies the

terms on which Dominion provides power. More specifically, it states the price per kWh

the services to be shut down is made. Moreover, units benefiting from the services are rarely



organizational added value (A) by exchanging the peak peak demand budget, and (2) how

to fairly distribute this A among organizational units. More specifically, the contributions

First, we propose and formally define a Peak Load Allocation Market (PLAM) frame-

work. The idea is to divide an organization into units where each unit has a fixed peak

up to the specified demand budget. For every power consumption time interval, the unit

automatically submits a bid, which indicates the services it needs to run, the benefit value

which are defined formally in this next section.

run that maximizes the global organization benefit while ensuring feasibility, i.e., that the

benefit A among the units. To design the method, we propose and advocate an underlying



equal profitability

equal profitability

named Peak Load Allocation Market (PLAM). We also formally define the problem, and

describe the market resolution and the different conditions in which the added A benefit

is distributed fairly according to different units’ contributions. In the fourth section, We

along with some initial experimentation. Finally, we briefly discuss our conclusions.



of benefit B[

, the benefit

More formally, we define Power Allocation Setting (PAS) as a tuple:
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from the market. We now formally define the

€ — ) is the benefit for unit

° -{ } €

it will be on, ie., (1) or off, i.c., (0).

{ e }, we define the following:



e ScrviceBenefit is the service benefit achieved by unit
y

e TotalBenefit[ | = ServiceBenefit] — is the total benefit achieved by unit €

e TotalBenefit = TotalBenefit[u] is the total organizational benefit achieved by all

We now define a number of desirable properties of the Peak Load Allocation Market

IN



vV € ) TotalBenefit > TotalBenefit]

3 € ) TotalBenefit TotalBenefit|

where TotalBenefit | is the total benefit under SPA

Payment Allocation can increase the the benefit of a unit without reducing the benefit of

We say that Peak Load Allocation Market satisfies the Nash Equilibrium property if for

{ ‘e } such that no unit can get a higher total benefit by quitting the coalition.

€

StandAloneBenefit| < TotalBenefit|

where StandAloneBenefit| | is the maximum benefit that can be achieved by unit

StandAloneBenefit|

IA



that satisfies the previously mentioned properties, as well as, the property of

defined.

3.3 Optimizing Global Benefit

Here we will be using a service configuration function

—-{ 3

€ , whether it will be on (1) or off (0). To implement

a service configuration ON

the service configuration value C  is defined as the total benefit

SeriveeBenefit|



ServiceBenefit|

, we say that a service configuration ON is

IN

service configurations ON,

IN

{ e | 3 € € }. An optimal ON configuration is a solution to

collaboration benefit A is as follows:



oration benefit A among the consortium’s participants. We propose a equal profitability of

benefit A, we decide on its distribution A -+ A

Ve )Aa> A=A

distribute the collaboration benefit A. Given

a distribution A .- A of A, the Peak Demand Allocation Market resolution gives the

( ) Ao )

figuration ON be the result of the Service Value optimization discussed in Section 2. Then:

is defined by ON vV €

, note that the collaboration benefit increase A

A = ServiceBenefitIncrease[ —

ServiceBenefitIncrease| — {1}

- {r-A



distribution A --- A of the Total Benefit A. We propose

equal profitability
Given a distribution A --- A of A, we define the profit of unit
Profit] A—
{}

Equal profitability means

Profit[1] = Profit[2] = - - - = Profit|

_a _a
{} {}

A {r - A {1}

Because A -+ A = A
({3 {})=A
A
{r - {1}

Finally, A --- A






Unit belongsTo Service
unitiD N servicelD
unitDescription serviceDescription
unitBudget . kw
servicelD[ ] contains | serviceBenefit

(API). The execution flow of the program is shown in the flowchart depicted in Figure 3.3.

unit, we calculate the base benefit bound by each unit’s individual peak demand budget
and add all units’ base benefits together to determine the overall base benefit. After that,
we compute the overall optimal peak demand distribution and determine the overall benefit
and each optimal unit’s power allocation. The A benefit can be easily computed as the
difference between the total optimal individual unit’s benefits bound by their respective
peak demand budget and the overall optimal benefit of all unit combined. Finally, we

determine each unit’s contribution to the A and distribute payments accordingly.

units and services with varying peak-demand budgets, benefits and service power needs.




Populate Units & Services
with Demand Data

Calculate Units' Base
Benefit

Calculate the Overall
Optimization

Calculate Units'
Collaboration

Distribute Delta Benefit to
Contributing Units

The first data set consists of ten units and each unit contains six services. The second,
third, and fourth, sets consist of a hundred, five hundred, and a thousand units respectively
while each unit contained ten services. We assume that the benefit of running each service

is consistent by normalizing that benefit into monetary value. Sample unit’s data are shown



Service ID | Unit ID | Benefit | Consumption in (kw)

tion is presented in Figure 3.4. As can be seen from the figure, some units had to give up

some of their peak-demand budget to other units that presented higher benefit demand for
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assigned to other units. The total budget is allocated such that the highest benefit yielding



After both individual and the overall benefits are determined. We compute each unit

than zero) which means that these units will receive part of the added A benefit according
equal profitability principle described in Section 4. Since the A gain in this set was
(20.0), the corresponding A distribution for each unit is captured in Table 3.3.

After the A distribution is derived, each unit’s payment can be easily calculated using

tion variables were boolean (see Table 3.5). In addition, we noticed that A benefit increased



Table 3.3: Units’ A Distribution
Unit | A Share

The tests were performed on a moderate specification workstation (2.0 GHz dual core



Table 3.5: Test Data Showing A Benefit Obtained and Optimization Time
# Units | # Services | A Benefit | Optimization Time(in seconds)

service and payment allocation. Moreover, we formally defined the market and constructed
an optimization model that satisfies desirable properties, i.e,
equal profitability

resulted in an increase in the overall benefit of an organization based on the generated test

Our approach is designed for organization where operation of different units is greatly

scheduling optimization to achieve the global benefit may work better.



decision optimization, and guarantees the formally defined properties of

equilibrium and benefit distribution fairness.

benefits of such a decision.

peak-demand (kW) that an organization reaches during a specific contractual consumption

period. This peak-demand constitutes a significant part of the electric power consumption



electricity to increase significantly. Therefore, C&I customers are motivated to reduce their

economies of scales may not be realized. It could also be more beneficial to individual units

their benefit by increasing their overall utility and reducing their cost.

university usually comprises of different units (e.g. schools, departments, centers, etc.).

specifies its terms. More specifically, it states the price per kWh of consumption and an

shut down is made. Moreover, the units benefiting from the services are rarely consulted to



demand bound, but effectively it will paying for a peak-demand that it rarely reaches. On

collective peak-demand budget, in lieu of monetary benefit, which also results in the total

value (of services plus an extra benefit). The idea is that the exchange of the peak demand

collaboratively selecting the peak demand limit, and (3) how to fairly distribute A among

organizational units. More specifically, the contributions of this paper are as follows:

First, we propose and formally define a Peak-Load Demand Market framework. The

represents the right which a unit has to consume up to the specified power bound. Each

service and the power requirements over a fixed time horizon, e.g., one year. The market

that each unit needs to make. We also define a set of desirable properties of the peak

equilibrium and the benefit distribution

fairness defined formally in the paper.

organization benefit while ensuring feasibility, i.e., that the total power consumption for



as well as the property of fair benefit distribution, defined formally in the paper.

named Peak-Load Demand Market. We also formally define the problem, and describe

the market resolution and a methodology in which the added A benefit of collaboration

is distributed fairly proportional to different units’ contributions. In the fifth section, we

Finally, we briefly discuss our conclusions and results.



Every one of these services also has measurable amount of utility or benefit

More formally, we define a Power Allocation Setting (

. —
\ / — N 0
° —
( ) €
° X — S



° X — S

benefit received from running service €

€
( )
S S
X —-{ }
S €
( ) € is defined by:
vV € <
The total benefit for , is defined as its optimal value minus its cost, i.e.,

{ )

that total power at every time interval is less than the peak demand bound is satisfied.



in Figure 4.1. We now define a number of desirable properties of the Peak-Load Demand
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is the total benefit under

can increase the benefit of a single unit without reducing the benefit of other units. Similarly,

We say that Peak-Load Demand Market satisfies the

{ e } such that no unit can get a higher total benefit by quitting the coalition.

€

is the maximum benefit that can be achieved by unit

Here we use a service configuration function



1) or off (i.c.,

e a service configuration

The service configuration value ) is defined as the total utility achieved by



) is defined as the maximum value

among all feasible service configurations

We say that a service configuration function
S

this modular representation, we can derive the optimal benefit value for any subset



The optimization problem for finding

€

Thus, The benefit achieved by the collaboration is the total value of the optimal solution

{}

. Therefore the benefit €

Therefore, if the units do not collaborate, their combined benefit






