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Abstract – This paper examines the long-run social welfare maximization problems facing public 
utilities, which includes consideration of the cost of capital or other fixed costs of production, from 
which it derives optimal investment decisions in a reliability differentiated pricing based market. Reli-
ability differentiated pricing policies lead to straightforward mathematical results on optimal invest-
ment decisions in generation and transmission expansion planning. This paper presents the mathemati-
cal conditions for optimal investment decisions. 
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1. Introduction 
 

Outage costs represent the economic and non-economic 
consequences of service curtailments to the customer [1], 
[2]. These are traditionally estimated by the customer's 
willingness-to-pay (WTP) to avoid interruptions in the 
short-run, assuming the user does not have sufficient time 
to change his energy using capital stock [3]. 

This varies between customers within a particular class, 
and between classes of customers in general. The variation 
will be a function of the degree to which customer applica-
tions are dependent upon electricity and to what extent any 
production or service can be recovered subsequent to an 
outage. 

The long-run problem of a welfare maximizing utility is 
essentially a resource planning problem using the criterion 
of maximizing expected consumers’ plus producers’ sur-
plus subject to the operational and resource limits of the 
system [4], [5]. Financial constraints on the utility or any 
of the participants, which is particularly important for de-
veloping countries, will be ignored in the analysis to follow. 
It is assumed that a single welfare maximizing public util-
ity owns and operates the transmission network (and possi-
bly the generating plants) of the electric power system un-
der consideration and it sells to independent customers. 
The utility is assumed to be able to set and communicate 
prices instantly, and can set a different price for each cus-
tomer class at any particular time. Supply outages are as-
sumed to occur randomly with the probability of an outage 
possibly being known. Thus, customers are aware of an 
outage only after it has occurred. The utility is assumed to 
be able to ration supply shortages amongst the various cus-
tomer classes as it chooses. In the analysis to follow, both 
generator outages and transmission line outages will be 
considered.  

2. The Long-run Model 
 

2.1 Objective Functions 
 
2.1.1 Consumer Behavior [5] 

 
Customers are modeled as price-taking expected profit-

maximizing firms [6]. Assume that all customers of the 
system，or more accurately customer end users，can be 
classified into a finite number of classes, i∈I, I = {1,...,N}, 
each class consisting of customers having the same outage 
cost at a particular location. The total time period, T, is 
considered to consist of short discrete time intervals t∈T.  

Consider the case of a long-term rational customer i 
whose benefit at time t, ( ( ) , ( ))d dF F P p Q qit i t= , depends not 
only on their electricity usage at that time but also on usage 
at other times and even possibly on usage by other custom-
ers (end users). i.e.  

 
( ( ) , ( ) )d dF F P p Q qi t i t=         (1) 

 
Where, 

{ ; , }d d
i tP P i I t T= ∀ ∈ ∀ ∈  

: vector of real power demands, 
{ ; , }d d

i tQ Q i I t T= ∀ ∈ ∀ ∈  
 : vector of reactive power demands, 
p : vector of prices of real power,  
q : vector of prices of reactive power.  

 
Assume the customer seeks to maximize their total ex-

pected consumer's surplus, i.e. E{ -  ( , ) Costsd dF P Qit
t
∑ } for the 

time period T, where E is the expectated operator. Thus, the 

customer will choose ,d dP Q
it it  to maximize their expected 
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where 

i tP , itq  are the expected prices of real and reac-
tive power, respectively, ( , )d d d

i tO C P Q  is the outage 
cost of the customer as a function of demand. Thus，the 
customer equates their expected net marginal benefit to the 
expected price. 

 
2.1.2 Utility Behavior 
  

The objective of the long-run resource planning problem 
for a welfare maximizing utility using the criterion of 
maximizing expected consumers' plus producers’ surplus 
can be stated as follows [7], [8]:  
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where, 

d
iP  : real power demand of customer i 

d
iQ  : reactive power demand of customer i 
u

iP  : outage of real power for customer i 
u
iQ  : outage of reactive power for customer i, 
g

iP  : generation of real power by generator i 
g

iQ  : generation of reactive power by generator i, 
s

iP  : emergency purchase of real power at bus i 
s
iQ  : emergency purchase of reactive power at bus i, 

p
iK  : real power generation capacity of generator I, 
q

iK   : reactive power generation capacity of generator I, 
p

iS  : real power spinning reserve capacity at bus i 
q
iS  : reactive power spinning reserve capacity at bus i 
m a x

kT : volt-ampere transmission capacity of line k 

are the decision variables, and  
E[•] : the expected value of the argument,  

( , )d d
it i iF P Q  : va1ue-added function of customer i, 

( , )u u
i t i iO C P Q  : outage cost function of customer i, 
( , )g g

it it itPC P Q  : cost of producing real and reactive power 

    by unit i,  
( , )s s

i t i t i tE C P Q : cost of purchasing real and reactive  
   power by unit i, 

( , )p q
i i iC C K K  : capital cost of capacity for generator i, 

( , )p q
i i iSC S S  : purchase price of spinning reserve at bus i, 

m a x( )k kT C T   : capital cost of capacity for transmission  
   line k. 

  
All decision variables, except those involving reactive 

power, are nonnegative and the objective function is as-
sumed to have continuous second partial derivatives. For 
optimal operating and pricing strategies, this objective 
function is maximized subject to the operating and network 
constraints inherent in the system. These constraints are 
described in the following subsections. 

 
2.1.3 Constraints  

 
The constraints of the long-run problem are the same as 

those of the short-run problem and are summarized below. 
Usually in solving such long-term, large-scale problems, 
most of these constraints are either simplified or ignored. 
The constraints are as follows:  
 

(i) Power Flow Equations  
The power flow equations, based on Kirchhoff’s laws 

that govern the flow of real and reactive power, for bus i at 
time t are:  
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(ii) Generation Limits  
The generating unit capacity constraints may be repre-

sented as:  
 

 0 g p
i t i i tP K a≤ ≤            (3) 

q g q
i i t i t i i tK a Q K a− ≤ ≤      

    (4) 

 
(ⅲ) Transmission Limits  
The transmission capacity constraints between buses i 

and j are modeled as limits on the volt-ampere flows, 
namely:  

       
m a x

i j t i j i j tT T b≤                (5) 

 
(iv) Voltage Limits 
The voltage limits can be expressed by the following 

constraint:  
 



Balho H. Kim 23

m i n m a x
i i t iV V V≤ ≤              

(6) 

 
(v) Security Constraint  
The system operational limits boundary imposed by the 

system security conditions and the voltage collapse con-
straints can be written as:  

 
( , , , , , ) 0d d g g s s

t t t t t t tg P Q P Q P Q ≤    
(7) 

   
(vi) Spinning Reserve Constraint  
The constraints on the amount of emergency purchase of 

real and reactive power at bus i at time t are given by:  
 

0 s p
i t iP S≤ ≤              (8) 

0 s q
i t iQ S≤ ≤                (9) 

  
(ⅶ) Emissions Constraints 
The unit specific maximum hourly emissions rate con-

straints at each generating unit for each pollutant n∈NH 
may be represented as:  

 
n g n n
i i t i t i te P E A≤ +          (10)  

 
System-wide emissions constraints designed to limit total 

annual emissions over the service territory, ∀n∈NA, may be 
represented as:  

 
n g n n
i i t t t

i

e P E A≤ +∑ (11)                

     
(ⅷ) Distortion Constraints  
In the fixed injection model, we have:  
 

h h d
i t i i tI d P=     h=2,3,4,‥        (12) 

 
The harmonic voltages at each bus are given by:  
 

h h h
i t i j j t

j
V Z I= ∑   h=2,3,4,…         (13) 

 
The total harmonic distortion, THD, can be calculated as:  
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The constraint on the amount of distortion allowed is  
 

m a xtT H D D≤              (15) 
 

(ⅷ) Non-negative constraints on unserved energy 
 

0 u
i tP≤                  (16)  

0 u
i tQ≤                   (17)          

 
The objective function and all constraints are assumed to 

have continuous second partial derivatives. The dimension 
of the problem can be reduced by making the following 
substitution among the above equations. Equations (6) and 
(7) represent sets of simultaneous equations that can be 
solved to determine the voltage and phase angle at each 
bus as functions of the decision variables. 

In practice, a much simple model is used for the pur-
poses of optimal resource planning. There are many differ-
ent time-periods in the model which are not explicitly 
shown for simplicity, e.g. operating-1ife of generating units, 
transmission lines or other capital stock. After initial 
screening, the planner usually reduces the number of op-
tions of generating units and transmission lines for optimi-
zation to only a handful of discrete choices. A dynamic 
programming simulation is then done to determine an op-
timal plan. However, in the analysis to follow, it is assumed 
that generating units and transmission lines of a variety of 
sizes are available. The introduction of economies of scale 
in capital costs further complicates the task of finding an 
optimal solution to the resource planning problem.  

An important point to note is the absence of an explicit 
reliability constraint. Conventional resource planning mod-
els include a reliability constraint such as a minimum re-
serve margin or maximum loss of load probability (LOLP) 
or maximum expected unserved energy (EUE). In the RDP 
mode1 [9]-[11], the implicit optimal reliability level de-
pends on the relative costs and benefits that customers re-
ceive from that level of reliability. In particular, the cus-
tomer outage costs reflect the customers' willingness-to-
pay for added levels of reliability.  

In the model, the discount factor for future costs is not 
explicitly modeled. This is done in order to keep the nota-
tions in the model simple. Discounting to yield a more 
conventional calculation of the present value of costs can 
be introduced into the model without changing the formu-
lation in any qualitative sense. 

 
 

3. Optimal Investment Planning Strategy 
 
A significant advance in the theory of investment plan-

ning is made possible by the reliability differentiated pric-
ing model. It allows for the integration of the optimal in-
vestment strategy across the entire portfolio of technolo-
gies used in bulk power supply, from the generator to the 
point of delivery to the distribution system. Heretofore no 
theoretical basis for integrated resource planning of such 
scope has been available. 

 The benefits of new investment in the model (5) - (22) 
stem from either the direct reduction in customer outage 
costs and operational costs, or the indirect reduction of 
those costs through the relaxation of some constraint or 
constraints of the model. Investment in new plant and 
equipment, whether it is in new generating capacity, new 
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sources of reactive power, new spinning reserves, new 
transmission lines, new switchgears, new relaying or other 
protective devices, new emissions controls, or new power 
line conditioning equipment, is designed to relieve one or 
more of the constraints on operations that are a part of the 
model thus reducing customer outage costs or costs of op-
eration，or directly reducing the costs of operation.  

A deficiency of previous models for planning utility bulk 
power system investments is that the models have not been 
able to quantify the reliability benefits that investment op-
portunities in bulk power system improvements afford. 
Outage costs, however, are an integral part of the reliability 
differentiated pricing model’s formulation. To the extent 
that a new investment affects a system’s reliability, it will 
change the expected outage cost or the dispatch of real and 
reactive power in the system or both. The welfare gains 
associated with higher reliability are thus an integral and 
natural part of the investment planning evaluation when the 
reliability differentiated pricing model is used to measure 
the benefits of an investment decision. The long-run model 
given by Equations (5) - (22) has three time frames in 
which decisions are made. The time frames are as follows: 

 
(i) Short-Term: Decisions concerning optimal power dis-

patch, rationing, and emergency power purchase are all 
made in this time frame. In the short-term, the capital 
stock, e.g. generation and transmission capacity, and 
available spinning reserve are treated as fixed quantities.  

(ii) Medium-Term: Decisions concerning spinning reserve 
purchase, conditional upon given generating and transmis-
sion capacities, are made in this time frame. For sim-
plicity, in the long-run models, decisions in this time 
frame are considered to be long-term decisions.  

(iii) Long-Term: Decisions concerning levels of capital 
stock, e.g. generation and transmission capacities, are 
made in this time frame. In making decisions in this 
time frame, it is assumed that optimal short-term and 
medium-term decisions are made during the operating 
life of the capital stock. 

 
3.1 Criterion for Optimal Investment Decisions  

 
The long-term investment decisions on generation and 

transmission capacity levels are optimal when the follow-
ing first order conditions for the long-run model (5)-(22) 
are satisfied, assuming that optimal short-term and me-
dium-term decisions are made as: 
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where the simplifying assumption is that real and reactive 
power generation capacities can be separately considered 

and that the Lagrangian (L) of the problem in Eq. (5) is 
differentiable with respect to these variables. One simple 
way to overcome the first problem is to combine the real 
and reactive power components to have capacities speci-
fied in volt-ampere (MVA) terms, as used in defining 
transmission constraints. These conditions are analyzed 
and discussed in the following subsections for investments 
in generation and transmission capacity addition. 

  
3.2 Optimal Conditions for Generation Investment 

Decisions  
 
Consider the long-run resource planning problem (5) - 

(22) of the welfare maximizing utility. Assuming that the 
short-term and medium-term decisions are optimally made, 
the long-run model reduces to one of determining the op-
timal levels of capital stock and, in particular, all other 
variables and the objective function may be considered as 
functions of the long-term variables. Thus conditions (23) 
and (24) give:  

 

m ax m ax m ax m ax{ }jt jt jtk

t T jk k k k

O C P C E CT C
T T T T∈
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∂ ∂ ∂∂
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∂ ∂ ∂ ∂∑ ∑
  

(22) 

 
where T represents the operating life of the generating unit.  
 

Equations (26) and (27) state that the optimal investment 
(capacity) level of generator i should be such that the costs 
of an additional incremental investment equals the present 
value of the expected benefits from it over the operating 
life of the generator. The benefits are: (i) Reduction in cus-
tomer outage costs due to increased available capacity; (ii) 
Reduction in total production cost due to operating effi-
ciency gains; and (iii) Reduction in emergency power pur-
chase costs, again, due to increased system capacity. 

 
3.3 Optimal Condition for Transmission Investment 

Decisions  
 
Consider again the long-run resource planning problem 

(5) - (22) of the welfare maximizing utility. Assuming that 
the short-term and medium-term decisions are optimally 
made，the long-run model reduces to one of determining 
the optimal levels of capital stock and, in particular, all 
other variables and the objective function may be consid-
ered as functions of the long-term variables. Thus condi-
tion (25) gives:  

 

max max max max{ }jt jt jtk

t T jk k k k

OC PC ECTC
T T T T∈

∂ ∂ ∂∂
= − + +

∂ ∂ ∂ ∂∑∑
    

(23) 

 
where T represents the operating life of the transmission 
line.  
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Eq. (28) states that the optimal capacity investment level 
of transmission line k should be such that the costs of an 
additional incremental investment in capacity equals the 
present value of the expected benefits from it over the op-
erating life of the transmission line. The benefits are: (i) 
Reduction m customer outage costs due to increased reli-
abi1ity and security of the system; (ii) Reduction in total 
production cost due to more efficient delivery of electric-
ity; and (iii) Reduction in emergency power purchase costs 
due to increased system reliability and power transporta-
tion capability. 

 
 

4. Case Study 
 
The case study determines the socially “optimal” genera-

tion expansion plan for a large utility in Texas based on 
information about customer outage costs and costs of capacity 
additions. The Electric Generation Expansion Analysis 
System (EGEAS) was used to determine the optimal ex-
pansion plans, since it is basically designed to perform 
optimal generation expansion planning. The results of the 
study indicate that, given the customer outage cost infor-
mation of the utility, fuel price forecasts, and other as-
sumed costs and escalation rates, the socially optimal ex-
pansion plan has substantially lower investment in new 
generating capacity as compared to the utility’s own ex-
pansion plan, i.e. the reserve margin from a societal wel-
fare point of view is much lower than the minimum reserve 
margin criterion used by the utility in developing its expan-
sion plan.  
 
4.1 Reserve Margin in Conventional Resource Planning  
 

The reserve margin is defined here as the percentage by 
which the installed capacity exceeds system peak load for a 
particular year. Utilities usually use a certain minimum 
reserve margin percentage, which the system generating 
capacity is required to meet, in planning their capacity ex-
pansion. This minimum reserve margin is, in general, ob-
tained from some engineering practice or rule-of-thumb, 
for example, the Electric Reliability Council of Texas 
(ERCOT) specification of 15% minimum reserve margin, 
which may not be socially optimal. Thus, in the test case, 
any assumption of minimum reserve margin for capacity 
expansion planning of the utility is discarded, and an opti-
mal reserve margin, from a. societal cost point of view, is 
determined. This is based on customer outage costs, since 
outage costs reflect the price customers are willing to pay 
to avoid an outage. Outage costs thus provide an accurate 
measure of the value of reliability to the customers. Table 
4.1 gives the estimated system outage costs for the utility 
under consideration.  

The expected unserved energy (EUE), which gives the 
expected customer outage or interruption costs when a cost 
of unserved energy is associated with it, decreases as the 
system reserve margin is increased. This is due to the fact  

 

Table 4.1. Estimated System Outage Cost  
Estimated High System Outage Cost 

(1-4 hour outages) 

Class Utility En-
ergy Mix (%) 

Class outage 
Cost ($/MWH) 

System Outage
Cost ($/MWH)

Residential 28.6 2,970 850 
Commercial 22.0 16,380 3,600 

Industrial  49.4 12,080 5,970 
System Average   10,420 

 
Estimated Average System Outage Cost 

(1-4 hour outages) 

Class Utility Energy 
Mix (%) 

Class outage 
Cost ($/MWH) 

System Outage 
Cost ($/MWH)

Residential 28.6 1,770 510 
Commercial  22.0 11,280 2,480 

Industrial  49.4 8,100 4,000 
System Average   6,990 

 
Estimated Low System Outage Cost 

(1-4 hour outages) 

Class Utility Energy 
Mix (%) 

Class outage 
Cost ($/MWH) 

System Outage
Cost ($/MWH)

Residential 28.6 400 110 
Commercial  22.0 5,550 1,220 

Industrial  49.4 6,140 3,030 
System Average   4,370 

Source: HL&P NOI 90-A-104 
 

that with higher reserve margins, (that is, with greater in-
stalled generating capacity), the expected load that the util-
ity is unable to supply because of forced outages of units 
and thus capacity shortage is lower than with lesser in-
stalled generating capacity. 

 
4.2 Implementation Using EGEAS 

 
EGEAS uses a probabilistic production costing method 

based on the Booth-Balleriaux algorithm. This method is 
capable of handling a wide variety of generating units and 
can model partial outage states, automatic maintenance 
scheduling, must-run units, and spinning reserves. In the 
Booth-Balleriaux algorithm, system load is represented by 
a load duration curve (LDC). The expected unserved en-
ergy (EUE) at any time period is found by a convolution 
process involving the corresponding LDC for that period. 
In this process, after a unit is loaded, its forced outages are 
convolved onto the current equivalent load duration curve 
(ELDC) to derive the new ELDC, which reflects the de-
mand seen by the next unit in the merit order. The height of 
the ELDC at the unit’s capacity point gives the probability 
that the system demand exceeds the available capacity. 
After the last unit is loaded, this height gives the probabil-
ity that the entire system load cannot be met, i.e., loss of 
load probability (LOLP), and the area under the ELDC 
beyond the capacity point of a unit, when multiplied by the 
number of hours in the time period, gives the expected un-
served energy (EUE). 
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The objective function for generation expansion optimi-
zation in EGEAS is the total present worth of revenue re-
quirements. It includes the fixed capital charges for new 
generating units and the operating costs associated with 
generation to meet the system load. These operating costs 
include fuel costs, fixed and variable components of O&M 
costs, purchased energy costs, and unserved energy costs. 
Thus, EGEAS already has the cost of EUE included in the 
objective function，as is required for the analysis to be 
performed. Thus the objective function of the generation 
expansion optimization model is the same as the total cost. 
The only problem is that only one value of system un-
served energy cost ($/MWH) can be specified in the model. 
Table 3.2 lists the cost of unserved energy or customer cost 
for some emergency operating procedures that are avail-
able to the utility. It is observed that a considerable amount 
of demand exists that can be curtailed in the event of an 
emergency at a cost of $200/MWH or less. Thus, an un-
served energy cost of $200/MWH is used in the analysis as 
the system unserved energy cost for the test case. 

The model was executed with no reliability constraints, 
such as minimum and maximum reserve margins, maxi-
mum LOLP, or maximum EUE, and for system unserved 
energy costs in the range of $10/MWH to $2000/MWH 
with an escalation rate of 9% annually. 
  
Table 4.2. Customer Costs for Emergency Operating Pro-

cedures 

Emergency 
Operating 
Procedure 

Capacity 
(MW) 

Availability 
(%) 

Customer 
Cost 

($/MWH) 
Emergency 
Purchases 

from ERCOT 
1500 Varies by 

season (GT+10%) 

Interruptible 
Demand 

(95% of inter. 
forecast) 100 0 

Voltage  
Reduction 

(3.5% of firm 
demand) 100 200 

Voluntary 
Industrial 
Reduction 

(3% of ind. 
demand) 100 200 

Media Appeal  
for Reduction 

(1% of firm 
demand) 50 100 

Involuntary  
Reduction 

(Total System 
Demand) 100 6,990 

Source: HL&P NOI90-A-104 
 
Table 4.3. Fuel Price Forecast for Test Case 

FUEL PRICE FORECASTS 
Dollars per MMBtu 

Year Natural Gas Lignite Coal Nuclear
 Base High    

2011 1.63 1.63 1.62 2.29 0.60 
2012 1.89 1.89 1.63 2.36 0.61 
2013 1.97 2.04 1.80 2.44 0.61 
2014 2.07 2.22 1.92 2.51 0.60 
2015 2.17 2.40 2.06 2.59 0.60 
2016 2.24 2.57 2.30 2.67 0.60 
2017 2.35 2.79 2.52 2.74 0.61 
2018 2.47 3.04 2.72 2.91 0.62 
2019 2.59 3.30 2.87 3.07 0.65 
2020 2.73 3.59 3.08 3.23 0.75 

Since optimal expansion plans are greatly dependent on 
projected fuel price and since natural gas price forecasts 
can vary considerably, they are evaluated for two different 
cases: (a) Base Case, where natural gas prices are fore-
casted to escalate at a relatively low rate; and (b) High 
Case, where natural gas prices are forecasted to escalate at 
a relatively high rate. The fuel price forecasts-used in the 
analysis are given in Table 4.3. 

 
4.3 Case Study Results  

 
The optimal expansion plans Base Natural Gas Price Case 

and the Company Plan is shown in Table 4.4. Plan 3 is the 
test case previously discussed, since in this case the cost of 
unserved energy is $200/MWH and, as shown in Table 4.2, 
a considerable amount of demand exists that can be cur-
tailed at this cost. The comparison of Plan 3 (Base Natural 
Gas Price Case) and the Company Plan shows that the 
minimum reserve margin for Plan 3 is 10%, while that of 
the Company Plan is about 17%, a difference of about 7%. 
The capacity additions in the Company Plan are: 400MW 
of firm capacity purchased in 2015, two 110MW gas tur-
bines and 158MW cogeneration capacity purchased in 
2016, two 110MW gas turbines in 2018, and a 645MW 
lignite unit in 2020. On the other hand，the capacity addi-
tions in Plan 3 (Base Natural Gas Price Case) are: 158MW 
cogeneration capacity purchased in 2015, two 110MW gas 
turbines in 2018, and 110MW gas turbines in 2020. This 
lesser capacity addition in Plan 3 as compared to the Com-
pany Plan, of course, gives rise to higher values of EUE, 
but results in lower levels of revenue requirement, and 
hence, lower average rates. 

 
Table 4.4. Comparison of Plan 3 and Company Plan 

Capacity Addition Reserve Margin EUE 
Year

Company Plan 3 Comp. 
(%) 

Plan 3 
(%) 

Comp.
(GWH)

Plan 3
(GWH)

2011   26 26 10 10 
2012   24 24 7 7 
2013   22 22 8 8 
2014   20 20 7 7 

2015 400MW Firm 158MW 
Cogen 21 19 18 28 

2016 2x110MW GT
158MWCogen  19 14 7 26 

2017   19 14 11 38 

2018 2x110MW GT 2x110M
WGT 19 14 13 52 

2019   17 12 8 35 

2020 645MW LIG 110MW 
GT 19 10 5 49 

 
 

5. Conclusion and Future Studies 
 
The suggestion that consumers of electricity be given the 

choice of opting for different levels of service reliability 
has often been made. Customers would then subscribe to 
the level of reliability that best suits them arid their proc-
esses. It is argued that such a choice would unbundle ser-
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vices and thus result in improved efficiency and benefits to 
both consumers and producers. But priority pricing schemes 
developed thus far introduce economic inefficiencies and 
fall short of attaining welfare maximization.  

Real-time pricing or spot market pricing schemes, on the 
other hand, fail to take into account the long-run costs of 
producing electricity such as capital costs of capacity addi-
tion, and, in real systems in-general, are unable to recover 
sufficient revenue in order to meet the utility’s revenue 
requirement. Schemes to recover the required revenue sug-
gested so far, e.g. Ramsey-type pricing schemes applied to 
real-time pricing, result in loss of welfare. The pricing pol-
icy proposed in this paper overcomes most of these short-
comings of both priority pricing and real-time pricing 
schemes, and, under certain assumptions, is able to recover 
revenue without any loss in welfare as well as differentiate 
prices for differentiated levels of service reliability based 
on consumer outage costs.  

We propose a Reliability Differentiated Pricing for a 
long-run system expansion planning based on outage costs, 
and presents the mathematical conditions for optimal in-
vestment decisions. Future studies might deal with the im-
plications of the long-run model to pricing firm capacity, 
transmission services, and wheeling services, and numeri-
cal case studies. 
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