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Can Wood Pellets Save Coal?

A real options approach to retrofitting coal plants
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ISsue Model: Stochastic Costs Numerical Analysis

Aging coal power supply: R e e o e e AL Costs grow following Brownian motion: dc;/c;, = 8,dt + o, : Numerical analysis is employed to obtain estimates of optimal cycle times and the
5106 of U.S s 20 d soats J el d e AR where 8; Is a constant drift rate, 0;is the rate of volatility, and | impact of changes in key parameters on the time spent in each stage. Initial |

0 O U.>. POWET capacity years 0 300 dz is the increment of a Wiener process. | parameter values?! are chosen and the FOC are solved to determine the optimal time
(EIA, 2011a). 5 | : at which to retrofit and/or replace the plant. Elasticity estimates indicate the percent
73% of coal fired plants > 30 years old 0 I Rejuvenation i change in the optimal cycle time given a percent increase in the parameter value (w).
(EIA, 2011b). 150 Time 1,

100 Maximize simultaneously: Optimal Times under Stochastic vs. Deterministic Costs

ED I I Vier) = B ere e E0dE+ Wy (Cye e, Deterministic Cost Stochastic Cost
. . rministi |
More stringent emissions standards | | s w= I where W, (C,) = K, + V,(C,), ele SUC LOSIS ochastic Costs

T>(Cq,C -
Under the Clean Power Plan, states must 10orfewer 111020 211030 31tod) 411050 51to60 morethan V2(C Cz) ET(f 12((61) 2) Cyp € t dt + Wz(CZ) eTz(C1,C2)’

develop plans to reduce CO, emissions from genealor age (jear) 60 - Virgin Total Retrofit Virgin Total Retrofit
A =" w2 = Wcoal Whydro natwralgas  Mnuclear  petroleum  Wwind  Wother €] where W,(C,)=K, =S+ V,(c,,). : ' ' :
existing fossil-fired electricity units and - S PerLOd Cy(ile Pe*r'o*d Pe”*Od Cyile Pe*r'o*d
increase use of renewable energy sources E. is the expectations operator, c,, and c,, are costs at time t in the virgin and rejuvenation stages T4 T5 T5-T; Ty T, T,-T;
(EIA, 2015). respectfully, V,(c,,) is the present value of costs at time t in the virgin stage (c4,), C, and C, are the costs
that trigger rejuvenation and replacement respectively, V,(C,,C,) is the present value of costs in the Cycle 15.70 33.30 50.00 22.49 19.65 42.14
rejuvenation stage, and W,(C,) and W,(C,) are expected future costs in the subsequent rejuvenation and Length
A Solution: Co-fire coal and wood virgin stages. (years)
pellets We employ Ito’s lima and the second order partial differentiation to find a solution that satisfies the value — : : :
Retrofitting with wood pellets is a relatively matching and smooth pasting conditions. The following equations when solved simultaneously provide the Elasticity Estimates With Respect to Changes in Parameter Values
low-cost Option. Optlmal Ci! Tl*(Cl), and TZ*(C11C2) : Parameters ((1)) Stochastic Costs
Wood pellets are a renewable technology. ) CL 4G [92 C1 ,12-1] K, -Gy G (61)12—1: 0 Virgin Total Rejuvenation
Co-firing reduces total carbon and other r=61  (r=62)4; | -6, r=62  (r=62), \G | Period Cycle period
. , ~
greenhouse gas emission levels. 1) Cze N ( 0—)1 C “K, +S - 612 _ Clo — [92—091 _ (%)/12 1] _0o. €T, €T,,w €T, —Y;,w
T : r— r— . r— —0-)A r— . .
sf(feéj;)ces total cost variability (portfolio 2 27, cje- 1 (r=02)4:C4 L 2 Rejuvenation Outlay K, -.0.008 -.0.007 -.0.007
on | e of heing able to wa i | Initial rejuvenation Coo 0 -0.359 -0.780
ption value of being able to wait as new - - - -
: » | | operating costs
technology develops before making s e i LSMIOLI Comparative Statistics PETANS
irl’eveI‘Sible replacement deCiSion. Coal_Plants_07a2e.jpg?uuid=qBPqlihnxEeGOGDqV_7VkWQ : : :
Rejuvenation operating o, 1.260 1.167 1.062
Comparative statistics indicate how the optimal replacement times are impacted by changes in the cost volatility

Asset Re p I ace m e nt L|te ratu re parameter values. The timelines indicate the comparative statistics shifts in optimal virgin (7;) and

total, virgin plus rejuvenation (T, ), cycle times given changes parameter values. Movements to the
Modifications to the initial optimal asset replacement criteria proposed by Faustmann- right (left, no movement) of the timeline indicate an increase (decrease, no change) in the optimal time

_ _ _ _ _ _ _ _ 1 The parameter values are chosen to be as realistic as possible, but do not necessarily represent those of a specific
Samuelson (Faustmann 1968; Samuelson 1937) include increasing operation costs spent in that stage given an increase in the parameter value. current coal plant specification.

following a Brownian motion process (McLaughlin and Taggart 1992; Mauer and Ott

1995), real options (Dobbs, 2004), nonconstant revenue stream and technological Parameter Impacts on Optimal Cycle Lengths POI ICy FI ndlngs

change (Adkins and Paxson, 2011), and asset renewals instead of total replacement

Parameter Deterministic Costs Stochastic Costs Not accounting for stochastic costs could lead to underestimates of the time before
(Rindorp and Fu, 2011). In agricultural economics, alterations include allowing for asset Virgin ) retrofitting occurs and overestimates of the time the plant is operated after retrofitting
rejuvenation under deterministic and stochastic costs (McCelland et al., 1989; Smith et outlay . and total operation time.
al., 1992). costs I _The Impacts of cha_nges m_key pa_ra_meters _dn‘fers when ;tp_cha_stlc o_peratlng costs are
! | | . | | | Included. After their inclusion, policies that increase the initial fixed investment cost of
T T = Time L, 4 Time the coal-only fired plant increase the time before rejuvenation occurs and decrease the
'- [ — T time operated after rejuvenation. Increases in the yearly operating costs of the virgin

plant, such as carbon emission fees, and increases in the salvage value decrease the

O Ur COntrl bUtl On .. time before retrofitting and increase the time the plant is operated after retrofitting.

Virgin initial | ¢4,
operating By calculating elasticity estimates and given stochastic costs the following policy

Impacts become apparent: mechanisms to reduce retrofitting outlay costs have limited

We combine the asset rejuvenation problem with real options and increasing stochastic

. .. . . . . Costs | | | Impact on encouraging earlier adoption or extending the operating period of the

costs. A model is developed for determining the optimal time to retrofit a coal fired plant , ) | | T . ; L . .
r — -+ — Time 1 T* — LMme retrofitted plant, reducing retrofit initial operating costs extends time operated once the

(virgin stage) to co-fire with wood pellets (rejuvenation stage) and then to replace the =4 L, ] : technology is installed, but does not quicken the decision to install new technology, and

. - . . . movements to reduce volatility of retrofit costs may reduce time operated once
plant. Comparative statistics and numerical analysis illustrate how changes in key . y y P

Salvage S retrofitting occurs.

parameter values impact the length of time spend in each stage and the costs, which value

trigger rejuvenation and/or replacement. ' | | | | .
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