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Chapter 8
RISK AND UNCERTAINTY ANALYSIS

Stochastic Analysis

Stochastic modeling in GenTrader® requires the introduction of variables in the form of implied
volatility for electricity and natural gas prices. The basic premise for determining implied (future
volatility) is that historical or actual volatility is an indicator of what future price volatility might
be. Through the examination of historical market prices, Lands Energy and NorthWestern have

developed a 20-year implied volatility schedule for use in GenTrader®.

Results of stochastic models differ from that of the intrinsic models. Instead of a single outcome,
a stochastic model produces a range of outcomes that are created from iterative model
simulations that employ a sampling of market prices above and below a forecast value. For
example, if in a model time period where the price of electricity was forecast to be $50 per
MWh, the stochastic model during its iterative process would determine multiple values for
electricity using the forecast price and the associated implied volatility to vary the price above
and below the $50 value. Because price is allowed to vary, it follows that portfolio total cost will
also vary, with the stochastic model capturing the frequency and magnitude of the variation in
the model results. With this information NorthWestern has assessed portfolio risk from the
market price perspective and the risk mitigation perspective based on portfolio composition and
its associated economic performance. The stochastic model outcomes do not define a probability
of occurance for individual 20-year simulations. The output of the model simulations define a

frequency distribution for the range of portfolio cost.

Another important consideration in the stochastic evaluation is the correlation between the price
of electricity and natural gas. In determining the forward prices for both of these key inputs, an
explanation of the relationship between electricity, natural gas, and the marginal unit was
provided in Chapter 6. This is a key relationship for utilities in the Northwest because it figures
prominently in the market pricing of electricity. In developing the forward price curves for

power and gas, Lands Energy recognized and accounted for the electricity-natural gas price
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relationship; a positive relationship. This means that when prices for either of the two
commodities rise or fall the other tends to rise or fall as well. Does this mean that they are
perfectly correlated all the time? The simple answer is no. However, for long-term planning
purposes it is important to maintain this relationship. In GenTrader® the positive correlation of
electricity and natural gas price has been established as a fundamental input to the stochastic

modeling program.

Efficiency Frontier

NorthWestern employs the Efficiency Frontier as a principle evaluation metric to assess portfolio
cost risk relative to expected portfolio cost. The construction of the Efficiency Frontier relies on
the stochastic output of the GenTrader® models for the numeric inputs to the plot. As described
earlier in Chapter 7 stochastic modeling relies on an iterative process to sample electricity and
natural gas prices (positively correlated) using calculated implied price volatilities to determine a
range of portfolio cost outcomes. The concept of the Efficiency Frontier is presented in Figure
28:
Figure 28
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The Efficiency Frontier is a graphical display of the stochastic model output that quantifies the
expected financial outcomes of the portfolios along the x-axis and the risk factor ($/MWh) along
the y-axis. The expected financial outcome is computed as the 20-year mean levelized cost of
the supply portfolio in $/MWh as determined in the stochastic model. The risk factor is the 20-
year levelized value of the 95% confidence interval costs minus the mean levelized cost. Ninety
five percent confidence interval of annual costs means that 95% of the annual costs derived from
the stochastic model for the portfolio are equal to or less than the reported value. By subtracting
the mean or expected cost from the 95% confidence value, a quantitative risk factor can be
derived from all stochastic models and produce values that are directly comparable. The
Efficiency Frontier is the leading edge of the scatter plot that is closest to the intersection of the
x- and y-axes, and therefore represents the portfolios that minimize both cost and risk. The
efficiency frontier is constructed using the mean levelized portfolio cost on the x-axis and the

risk factor on the y-axis.

Stochastic Results

Stochastic models have been executed for portfolios 11 through 51 plus portfolio 58 and
efficiency frontier plots created for each of the five cases; basecase, high market, low market, no
carbon, and delay carbon. The basecase efficiency frontier is presented as Figure 29. The
calculated cost and risk values used to build the plots are tabulated and found in Volume 3
Chapter 5. The efficiency frontier plots employ “markers” of different color and shape to help

illustrate how different combustion technologies are grouped and distributed.

The basecase efficiency frontier provides key information about how the different resources
performed under the base case market and carbon cost parameters using implied volatility for
electricity and natural gas to raise and lower total cost iteratively. The arc of the base case
efficiency frontier is defined by portfolios 11, 21, 24, 27, and 34. All other portfolios occur to the
right of the efficiency frontier and exhibit, higher cost, higher risk, or both. Seventeen or
approximately 40% of the portfolios have a mean levelized cost varying from a low of
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$69.74/MWh up to $70.79; roughly a one dollar range. This close grouping of results combined
with similar risk factors from $6 to $8 per MWh make it challenging to identify clear winners

based on the economic performance defined by the stochastic results.

Portfolio 11, the market case with no new thermal resources, has the lowest mean levelized cost
coupled with a moderately high risk value of $7.66/MWh. The three portfolios that performed
well because of their position on the efficiency frontier are 27, 24, and 21. Each of these resource
portfolios are comprised of different gas-fired technologies. Portfolio 27 employs a single
200MW combined cycle turbine. PF 24 includes 3 — 100MW aero- derivative gas turbines and
PF21 utilizes 3 — 100MW simple cycle frame gas units. These results provide information on the
sizing of the gas-fired units; however the combustion technology selection is not as clear. Based
purely on the position along the efficiency frontier, PF27 is closest to the origin and appears to

provide the best balance between cost and risk under base case input assumptions.

Figure 29
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Results of the high market stochastic studies define an efficiency frontier that identifies clear
resource choices for the high market case (Figure 30). PF28 employs 400MW of combined cycle
gas technology and clearly provides the least cost, least risk alternative under elevated market
assumptions for both electricity and natural gas. The next closest portfolios are PF 24 and PF 44
with 300MW of aero derivative simple cycle capacity and 400MW of combined cycle gas
technology installed in 200MW stages in 2015 and 2018. PF34 with 400MW of supercritical
coal has a mean levelized cost of $82.03 and only lowers the risk factor relative to PF28 by
$0.73/MWh.

Figure 30
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The delay carbon stochastic case (Figure 32) produced results very similar to the base case in
terms of the relative performance of portfolios that define the efficiency frontier as well as the
remainder of the portfolios to the right of the curve. Because the base case and delay carbon
cases have similar inputs for market prices for electricity, natural gas, and carbon, the resulting
efficiency frontier is difficult to distinguish from the base case. Based on these results, it appears
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that resource decisions using the base case would be the same as in the case where a delay of

implementation of carbon penalties occurs.

Figure 31
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The no carbon stochastic case demonstrates how all portfolios deliver lower cost energy with
accompanying levels of reduced risk. The same portfolios that define the efficiency frontier in
the base case also define or are nearly on the efficiency frontier in the no carbon case. The no
carbon case does not reduce risk completely. Even in the case of portfolios with substantial
amounts of coal, resource risk is present because market purchase of energy continues to be

employed to meet a component of the load serving obligations.

2009 Electric Supply Resource Procurement Plan Page 153



Volume 1 — Chapter 8, Risk and Uncertainty

Figure 32
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The final efficiency frontier is constructed for the low market case (Figure 34) to illustrate how a
declining market assumption would impact portfolio cost and risk. The shape of the efficiency
frontier for the low market case is similar in shape to the high market efficiency frontier with one
obvious difference; the higher the percentage of market purchases (ex PF11) the lower the mean
levelized cost of the portfolio. This was not the case in the high marker scenario where PF11 was
both high cost and high risk. For the low market case the addition of any resources is shown to
increase cost with varying changes to risk. Again, even in a scenario where market prices for
electricity and fuel are lower than the base case assumptions, risk is present because of implied

volatility that drives prices above and below the forecast values.
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Figure 33
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The final concept in determining how to interpret the stochastic results is the construction of the
Risk\Var90 value from all five of the stochastic cases, The RiskVar90 is a single value that
captures both the mean levelized portfolio cost and the 95% confidence minus mean value (risk
value) to create a single metric per portfolio per stochastic case. The Risk\Var90 variable is
calculated as:

RiskVar90 = (Mean Levelized Cost x 70%) plus (95% Confidence Interval — mean x 30%)

The results of these calculations applied to all stochastic model results are presented in Table 42
with the same weightings applied to establish a single stochastic weighted average value. In this
table the top 10 portfolios are high-lighted. The top 4 performing portfolios are identified as
those with varying amounts of simple cycle frame or aero derivative gas units. The fifth best
performing portfolio is a combination of LM6000 gas turbines with and without combined cycle

heat recovery. The existing portfolio (PF11) ranked seventh out of the top ten performers and
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seems to indicate that the lack of market price protection for the unsecured portion of the current
portfolio can be mitigated through the addition of gas-fired resources.

Table 42

Risk VAR90 for Stochastic Results

Base Low High No Delay Weighted | Weighted
PF Description Case | Market | Market | Carbon | Carbon | Range | Average | Avg Rank
11 Existing Resources $ 7203 (5 6394 |5 8471 |5 6325|5 71545 2146|5 7410 7
12 1-Internal Combustion $ 7246 |5 6430 |9 8484 | 6355|% 71.98|% 21.29|5 7442 16
13 2-Internal Combustion $ 7263 |5 6461 |5 8446 |% 6385 |5 7214(F 2061|F 7445 18
14 3-Internal Combustion $ 7281 |9 6492 |5 84.11 |5 6414 |5 7231(9 19.96|5 74.49 20
15 4-Internal Combustion $ 7296 |5 6524 |5 8374 |5 6444 |5 7243(% 19.30|F 7452 2
16 1-SCCT LMB000 $ 7256 |5 6444 |5 8462 |5 6367 |5 7208[ 2095|5 T4.43 17
17 |2-SCCT LM6000 $ 7278 |5 6489 |5 8392 |5 6410 |5 7229(% 19.82|5 7442 15
18 3-SCCT LMB000 $ V295|% 6533|935 83.16 |5 6452 |F 72489 1863|5 74.36 14
19 1-SCCT Frame $ 7251 |5 6457 |9 8356 |% 6383 |5 7202|% 19.73|F T4.11 B8
20 2-SCCT Frame $ V265(% 6518 |5 8107 |$ 6439 |9 7212[% 1V.37|§ 7376 4
2 3-SCCT Frame $ 7226 (5 6496 |9 8032 |5 6428 |% 7193|5 1604]5 7V3I2 1
22 1-SCCT Aero $ 7227 |5 6419 |5 8400 |5 6334 (5 72105 206605 7407 (3]
23 2-SCCT Aero $ 7247 |5 6505 |9 8164 |5 6413 |% 7225|5 1751]|5 V362 5
24 3-5CCT Aero $ 7260 (5 6594 | 7959 |5 6491|% 7235|5 14685 V324 2
25 1-Biomass $ V372 |% 6572 |% 8692 |% 6505|% 735H1[$ 2187|S 7599 29
26 2-Biomass $ 76.19 |5 6841 |5 8905 |5 6762 |% 7602(% 2143|5 7840 36
27 1-CCCT $ V3.25|% 6825|% 8117 |$ 6525|F T3S 1591]|F T4 13
28 2-CCCT $ 7412 |5 7225|% V668 |5 6863 |% 7399(% B04|5 T414 10
29 1-CCCT w CCS $ 7390 |% 6755|% 8376 |% 6688 |% 7330(% 16.88|% 7546 26
30 2-CCCTw CCS b 7686 |$ 7233 |5F 8325|% V162 |% 7589|% 1163]|% 7770 33
k]l 1-CHP $ VW3 [$ 7273|935 8520 |% 69.71|5F T749|% 1550]|% V8.61 371
32 2-CHP $ V997 |% 7814 |5 8223 |5 7450 |% 7985|% VTF3I|S V9N 38
33 1-Super Coal $ V327 |5 6706 |5 8264 |% 6351 |5F 7330(P 1913|F T4.48 19
34 2-Super Coal $ VrB6|% 73363 8390 |% 6979 |F 77H2(% 1411|F 78.38 35
35 1-Super w CCS $ V367 [% 6717 |5 8361 |% 6626|3F 73IA6|$ 1735|% V5.2 25
36 2-Super w CCS $ 8260 |% 7752|3% 8973 |% 7659 |5F B17I[$ 13145 8355 41
37 1-IGCC $ 7334 |% 6805|5 8094 |5 6364 (5 73IIT|H T30S 7412 9
38 2-IGCC $ 81.02|% 7804 |35 8406 |% 7359 |5% B0OL7T($ 1048|5 80.85 3
39 1-GCC w CCS $ 7511 |5 6899 |5 8426 |5 6813 |5 7451(% 1613|F 7648 30
40 2-IGCC w CCS $ 8584 |5 B153 |5 9152 |5 8065|935 B485(% 1086|5 8649 42
41 1-CC LMBO00OPF $ 7531 |5 6758 |5 8642 |5 6662 |% 7514(% 19.80|% 76.99 32
42 1-CC 207EA $ 7h45|% 6856 |3% 84.06|% 6742 |F 75239 16645 76.52 Kl
43 CC LMB000PF - CC LMB000PF $ 7355 |% G700 |5 8226 |% 6588 |5 7325]% 1638]|% 741 22
44 CCCT - CCCT $ 74.85|% 7181|5 7684 |5 6893 |F T448(% 9915 7512 24
45 LMB000PF - CCCT $ 7413 |5 6918 |5 8048 |$ 6733 |% 7373[$ 1315|5 7482 23
46 LMBO00PF - CHP $ V511 |% 7016 |5 8145 |5 6830 |% 7ATVO[(D 13145]% 75.80 28
47 SCCT Frame - Supercritical Coal $ 7484 |5 6893 |5 8248 |5 6676 |% 7455(% 1572|5 7570 27
48 SCCT LM6000 - CC LMGO00PF $ 7254 |5 6556 |9 8260 |5 6458 |% V225|% 16.03]|% V404 5
49 3-Internal Combustion - SCCT Aero | § 7286 |5 6580 |5 8254 |5 6483 |§ 72605 17715 7423 11
50 CC LMBO0OPF - 1/2 IGCC $ VW32 |% 71715 8507 |% 69.70|% 7705(% 15375 7V8.30 M4
51 CC LMBD0OPF -1/21GCCwCCS | § 8058 |5 7457 |5 8909 |5 7347 |5 8016|% 1563]|5 8178 40
58 Colstrip 4 economically dispatched | § 7211 |5 64.30 |5 8484 |5 6341 |5 716815 21435 7425 12

Weighting 40% 10% 30% 10% 10%
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