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Q1 (a) Two oil-fired 400-MW thermal units are on the same bus. The unit cost models

are given by:
F, = 180 + 9P, + 0.002P?
Fy= 180+ AP, + yP}

A. Fora power demand of 550 MW, the incremental cost of power A is 10.
Find the loading on both units assuming optimal operation.
B. For a power demand of 700 MW, the incremental cost of power 4 is 10.25.

Find the loading on both units assuming optimal operation.

C. Using data in parts A. and B. and, obtain £ and y .

(b) The incremental fuel cost of a power plant in $#MWH is given as:

dc,
dPs

diy
dPgz

= 0.25P; + 30

Assume that the total load varies from 40 MW- 250 MW and that the generator limits are
20 MW = Pg = 125 MW
20MW = Pﬂ; = 125 MW

How will the load be shared between the units as the system load varies over the full range? What

are the corresponding values of the plant incremental costs,

( ¢) The demand curve for electricity is give by

_ 20,000

ki3

Find the price and demand elasticity for a power demand of 400 MW.
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Consider the market for electrical energy which is made of three generating units whose cost

finction are as follows:

Unit A 15 = 1.4F, + 0.04FF
Unit B 25 + 1.6F; + 0.05P%
Unit C 20 + 1.8P, + 0.02P2

Assurme that the inverse demand curve of the market is given by

7= 300-D $MWh
Each generator seeks 10 maximize its profits.
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Write and sclve the optimality condition of the energy market.
Write and solve the optimality condition if the inverse demand curve is given

$MWh
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Q3 An electricity retailer forecast its consumer load requirements for an 8-hours period.

. The retailer buys energy on a Future market o cover exactly the forecasted
load. The average price paid each hour is shown below.

. The retailer buys and sells the difference between the actual and forecasted
demand in the spot market,

. The retailer sells the energy 1o consumers following a changing to reflect ime
of use,

{il Calculate the profit or loss of the retailer
(i) What will be the average rate of sales to consumers for the retailer 1o break-

even”?

[ Pariod iz 2 3 4 | 5 BET g |
[Load Forecast (MWh) | 100 | 150 220 | 340 340 270 | 200 | 160
Actugl Load (MWh) [ 120 180 250 350 | 370 | 240 | 190 | 1s0
Average Price (S/IMWh) | 225| 226(275| 30| 30 285 24| 24
SpotPrice (SIMWh) | 215| 215| 25| 35| 35[ 30| 28| 25

Consumer Tariff (S/IMWH | 20 a0l 28| %8| 38 25| 25 35|




Columni [Column2 |Columnd ColumlColum] Golum Columl Columi] Colun Colum Colum| Column 12 [Columnil

Peariod 1 2 3 4 5 G 7 B

Load Forecal (MWh) 100 160f 220] 340 3401 270 200 160

Actual Load (MWh) 120 60| 250 350 70| 240 190 150 1830
Average Price {3/MWh) 226 228 X5 a0 301 284 24 24

Spot Price (3/MWh) 218 215 25 35 35 30 28 25

Consurmer Tariff (3MWH 20 20 28 S8 38 25 25 25

Payment for Energy (5) 2250| 3375| G050 10200 10200] 7695| 4600| 3840 48410
Spot Market transactions($) -430] -215] -v80| -350| -1050{ 900] 280) 250 -1365
Revenue from Sales (3] 24001 2200| 7000] 13300] 14060] 6000] 4750] 3750 54460
Profit (3) 280 -3gn| 200| 2750 2810] -795| 230 160 4685
Avarage Price {3MWH) 251




Q4

A company own an old power plant which is made of 6 units 50 MW ¢ach. The hate
rate of the unit is 11,597 Btk Wh. The generating units burns natural gas at a cost of
$4.0/MBtu . The fixed cost operating expenses of each unit is $500/month while the

variable operating expenses of the unit are $0.27MWh.

) What will be the minimum sale prices to keep the plant runnig if the
utilization Factor is only 10%.

(i) What is the average cost of generation at the plant?

(iii)  What will profit (loss), if the regulator has imposed a price cap of $40/MWh,



Capacity (MW) o0
Number of units B
Heat rate {BtukWh) 11526
uilization factor 0.1
Fuel price (S/MBTU) 4
Fixed cost (S/manth) 500
Variable Operating Expenses (3MWhH) nz2
Number of hours Tl
Energy produced(MWH) 262800
Anmual production cast (Sfyear) 12189715
Total Fixed Expanses 360040
Variable Operating Expenses S2560
Tolal cash flow 12225715
Price [3) 48 208586
Tariff {(SMAWh 40
Revenus 10512000
Profit =IT13715.2
Capacity (MW) 100
Mumber of units 1
Heat rate (BlwkWh) 13000
uilization factar 001
Fuel price (S/MBTU) 2.8
Fixed cost [8) 350,000
MNumber of hours ave
Energy produced(MWH) E760
Annual production cost (Shear) Za0252
Cash flow 690 252
Frice 76.79589




Q3 An electricity gencrating company own a power plant and is active in

trading of electric energy. The following positions are etsablished between
V8 00-19:000 hours,

fd

-
X

4,

The power plant produces 2000 MW at an evrage cost of $32,5/
MWh

Long term comact for the purchase of 1000 MW during the peak
hours at a price of $30/MWh.

Future contract for the purchase of 500 MWh at $79.5/M Wh.

A call option for 220 MWh at an exercise price of $28.5/MWh.

The total demand during the period 18:00- 19:00 is 4300 MWh and is

sold as follows:

I. Long term contact with an industrial consumer for the sale of 750
MW at the rate of $30/MWH,

2. Long term contact with a comniercial consumer for the sale of 250
MW at the rate of $32/MWH,

3. A future contact to sell 250 MWh at LITMWH.

4. A put option for the sale of S00 MWh at an exercise price of
£33/MWh,

3. The remaining energy is sold to customers at the rate of
L31.5MWh

The company covers the imbalances from the spot prices. The spot

price is 331,25/ MWh,

Caleulate the profit or loss af the company.



! i . [ F-I]||..I F : .
._J.Hhaﬁ. ought{MWh)['Energy sold (MWh)|"
Industrial customer 750 30 [1] 22500
Commercial Customer 250 32 2000
Oither cushomers i 2750 3.5 0 BE625)
Future conlract 250 27 0 &7 54
Fut option 400 - 35 ]| 17500
Leng-term contract 1000 an 20000 0
Fulure contract S0 29.5 14750 0
Call cplian 220 28.5 B270 ¥
Generation 2000 32.5 AE000 0
Balancing spol purchase TED 31.25 24375 0
150 MWW call oplion fee L] 1]
200 MW pul oplian fee 0 i
300 MW call option fee 0 0
980
|Balance 4500 4500 140395 141375




