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1 I. INTRODUCTION AND QUALIFICATIONS 

2 

3 Q. Please state your name, employer, and business address. 

4 A. My name is Daniel Pardo, and I work for DNV GL, with a business address of 333 

5 SW 5th Ave, Suite 400, Portland, Oregon 97204. I work at our office location with 

6 an address of4100 rue Molson, suite 100, Montreal, H1Y 3N1, Canada. 

7 

8 Q. Briefly describe your educational and professional background. 

9 A. I have a Master of Science in Wind Energy from Danmarks Tekniske Universitet 

10 and a Bachelors of Engineering in Mechanical Engineering from the Universidad 

11 de Los Andes. I have 13 years of practical experience in renewables. In my 

12 current position, I provide technical advice on renewable energy projects to 

13 developers on topics such as feasibility studies, technology selection, and 

14 decommissioning assessments. A copy of my statement of qualifications is 

15 attached as Exhibit 1. 

16 

17 II. OVERVIEW 

18 

19 Q. Please describe your familiarity with the Prevailing Wind Park Project 

20 ("Project")? 

21 A. DNV GL prepared the Decommissioning Cost Analysis attached as Exhibit 2 to my 

22 testimony. 

23 

24 Q. What is the purpose of your Supplemental Direct Testimony? 

25 A. The purpose of my Supplemental Direct Testimony is to provide information 

26 regarding estimated decommissioning costs. 

27 

28 Q. What exhibits are attached to your Supplemental Direct Testimony? 

29 A. The following exhibits are attached to my Supplemental Direct Testimony: 

30 • Exhibit 1: Statement of Qualifications. 

31 • Exhibit 2: Decommissioning Cost Analysis. 
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32 

33 Ill. DECOMMISSIONING COST ESTIMATE 

34 

35 Q. Could you provide DNV GL's per turbine decommissioning cost estimate 

36 identified in the Decommissioning Cost Analysis, and explain the basis for 

37 that estimate? 

38 A. Yes. DNV GL"s decommissioning cost analysis for the Project includes the 

39 disassembly, removal, and disposal of wind turbines and other associated Project 

40 infrastructure. The results are presented for two scenarios: one where partial 

41 resale of turbine major components occurs and another scenario where it does 

42 not. For the partial resale scenario, DNV GL estimates the decommissioning cost 

43 to be $13,790 per turbine. For the scenario without partial resale, the 

44 decommissioning cost is estimated to be $51,540 per turbine. 

45 

46 The DNV GL decommissioning cost analysis thoroughly explains the methodology 

47 for its decommissioning cost conclusions. Additionally, the results presented in 

48 DNV GL"s cost analysis study use conservative assumptions. 

49 

50 Q. Could you discuss the accuracy of the decommissioning cost estimate 

51 provided in your report? 

52 A. The report contains DNV GL's most accurate estimate based on our engineering 

53 judgement, market knowledge and Project-specific information. Our 

54 decommissioning cost analysis is based on conservative assumptions. Further, 

55 DNV GL participates in the project financing for approximately 75 percent of all 

56 wind projects financed throughout North America. This extensive experience with 

57 financing of wind projects provides DNV GL with a comprehensive understanding 

58 of the processes and costs associated with construction, which are very similar to 

59 those involved in decommissioning. 

60 
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61 Q. Please explain the assumptions used in the cost analysis. 

62 A. As noted above, the results presented in DNV GL's cost analysis study use 

63 conservative assumptions. Some of these assumptions are: all access roads will 

64 be decommissioned, use of a conservative distance from the Project to 

65 recycling/salvage facilities, and a width of 16 feet for all access roads. For the 

66 partial resale scenario, conservative assumptions have also been made. These 

67 assumptions include: only major components that are five years or younger can 

68 be sold (at a fraction of the original price), and medium-grade materials, such as 

69 small motors and medium-gauge cabling, would not be resold. Thus, DNV GL's 

70 analysis provides a conservative decommissioning cost estimate based on a 

71 specified and appropriate methodology. 

72 

73 Q. Could you explain the role of partial resale and salvage value in your per 

74 turbine decommissioning cost estimate for the Project? 

75 A. Yes. The study assumes that some of the major components can be sold after 

76 they have been decommissioned. The resale value of these components 

77 constitutes potential income that would offset the costs of decommissioning. The 

78 study also assumes that some material can be sold as scrap and, thus, the 

79 salvage value would also offset a portion of the decommissioning costs. 

80 

81 Q. For what point in time is the cost estimate calculated? In other words, when 

82 is it assumed that the decommissioning costs for the Project would be 

83 incurred relative to when the Project becomes operational? 

84 A. For the analysis, decommissioning is anticipated to start soon after the end of the 

85 Project's operating life (assumed to be 30 years for purposes of this study). 

86 However, the costs are calculated in 2018 dollars. 

87 

88 IV. CONCLUSION 

89 

90 Q. Does this conclude your Supplemental Direct Testimony? 

91 A. Yes. 
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92 

93 

94 

95 

96 
97 

Dated this 10th day of August, 2018. 

Daniel Pardo 
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DNV KEMA Renewables, Inc. Page ii

IMPORTANT NOTICE AND DISCLAIMER

1. This document is intended for the sole use of the Customer as detailed on the front page of this 
document to whom the document is addressed and who has entered into a written agreement with 
the DNV GL entity issuing this document (“DNV GL”). To the extent permitted by law, neither 
DNV GL nor any group company (the "Group") assumes any responsibility whether in contract, tort 
including without limitation negligence, or otherwise howsoever, to third parties (being persons 
other than the Customer), and no company in the Group other than DNV GL shall be liable for any
loss or damage whatsoever suffered by virtue of any act, omission or default (whether arising by 
negligence or otherwise) by DNV GL, the Group or any of its or their servants, subcontractors or 
agents. This document must be read in its entirety and is subject to any assumptions and 
qualifications expressed therein as well as in any other relevant communications in connection with 
it. This document may contain detailed technical data which is intended for use only by persons 
possessing requisite expertise in its subject matter.

2. This document is protected by copyright and may only be reproduced and circulated in accordance 
with the Document Classification and associated conditions stipulated or referred to in this document 
and/or in DNV GL’s written agreement with the Customer. No part of this document may be 
disclosed in any public offering memorandum, prospectus or stock exchange listing, circular or 
announcement without the express and prior written consent of DNV GL. A Document Classification 
permitting the Customer to redistribute this document shall not thereby imply that DNV GL has any 
liability to any recipient other than the Customer.

3. This document has been produced from information relating to dates and periods referred to in this 
document. This document does not imply that any information is not subject to change. Except and 
to the extent that checking or verification of information or data is expressly agreed within the 
written scope of its services, DNV GL shall not be responsible in any way in connection with 
erroneous information or data provided to it by the Customer or any third party, or for the effects of 
any such erroneous information or data whether or not contained or referred to in this document. 

4. Any energy forecasts estimates or predictions are subject to factors not all of which are within the 
scope of the probability and uncertainties contained or referred to in this document and nothing in 
this document guarantees any particular wind speed or energy output.

KEY TO DOCUMENT CLASSIFICATION

Strictly Confidential :
For disclosure only to named individuals within the 
Customer’s organization.

Private and Confidential :
For disclosure only to individuals directly concerned with 
the subject matter of the document within the Customer’s 
organization.

Commercial in Confidence : Not to be disclosed outside the Customer’s organization.

DNV GL only : Not to be disclosed to non-DNV GL staff

Customer’s Discretion :

Distribution for information only at the discretion of the 
Customer (subject to the above Important Notice and 
Disclaimer and the terms of DNV GL’s written agreement 
with the Customer).

Published :
Available for information only to the general public 
(subject to the above Important Notice and Disclaimer).
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EXECUTIVE SUMMARY

sPower Development Company, LLC (“sPower” or the “Sponsor”) retained DNV KEMA Renewables, Inc.
(“DNV GL”) to perform a decommissioning analysis for Prevailing Wind Park, LLC of the Prevailing Wind Park 
Energy Facility (the “Project”) to be located in Bon Homme, Charles Mix and Hutchison counties, South 
Dakota. The study estimates the costs associated with the dismantling, removal, and salvage or disposal of 
the Project equipment; all costs in this study are given in 2018 U.S. dollars and do not account for inflation.

The Project is spread across Bon Homme, Charles Mix and Hutchison counties, South Dakota, approximately 
38 miles northwest of the city of Yankton. sPower has indicated that the Project is intended to consist of 57
GE 3.8-137 wind turbine generators (WTG) with a total rated output of 216.6 MW; one project substation;
one Operations and Maintenance building; a 115 kV transmission line; and four met towers as well as 
associated infrastructure. The turbines will be mounted on 110 meter (m) tubular steel towers. The Project 
is anticipated to commence commercial operations in 2019. Per sPower’s request, it is assumed that 
decommissioning of the Project will take place 30 years after the start of commercial operations [1].

DNV GL assumes that there are strong parallels between wind power project construction and 
decommissioning programs and consequently bases the estimates for decommissioning costs on its broad 
experience of wind power project construction programs and the associated costs of labor, plant, and 
materials. The complete decommissioning cost is calculated as the sum of the cost of disassembly, removal, 
and disposal of the turbines and balance of plant (BOP), as may be offset by gains from salvage or resale of 
materials and components. It is noted that crane costs are the most dominant cost item in disassembly,
while transportation of the large turbine components dominates the costs of removal.

Assessments of salvage opportunities are based on the bill of quantities identified in this report. The average 
material weights and mass and volume ratios for turbine components are derived from previous DNV GL
studies, Sponsor documentation, and/or turbine supplier technical specification sheets. Although DNV GL
assumes certain commodity prices and disposal service rates based on present day estimates, it does not 
forecast such future values. The salvage value is calculated as the difference between the sum of parts 
resale and scrap revenue, less the landfill cost of the remaining material. Two salvage/disposal scenarios are 
presented: Scenario 1 considers that all equipment is sold as scrap, while Scenario 2 assumes partial resale 
of some of the Project’s major components. 

The net decommissioning value is determined from the difference of 1) the sum of the disassembly and 
removal cost and 2) the sum of the salvage value and resale. The estimated net decommissioning gain or 
cost for the Project assuming no resale (Scenario 1), and with partial resale of the Project’s major 
components (Scenario 2), are presented in Table ES-1 and Table ES-2 on the next page. Note: values in 
parenthesis are negative values representing positive returns to the Project.
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Table ES-1 Net decommissioning costs

Scenario 1
No Resale

Scenario 2
Partial Resale

Total per WTG $51,540 $13,790

Total for Project (57 WTGs) $2,938,000 $786,000

As it is considered to be the more likely option, a detailed breakdown of Scenario 2 is shown below.

Table ES-2 Project Net decommissioning cost with partial resale (Scenario 2)

Item Disassembly 
[$] (A)

Removal 
[$] (B)

Disposal
[$] (C)

Total Costs
[$]

(D=A+B+C)

Salvage/Resale
[$] (E)

Net 
[$] (D+E)

WTG 5,187,000 4,423,000 855,000 10,465,000 (11,462,000) (997,000)
Collection 
System 1,033,000 349,000 31,000 1,413,000 (1,324,000) 89,000

High voltage 
substation 261,000 73,000 14,000 348,000 (453,000) (105,000)

Transmission 
Line - - - - - -

Access roads & 
Crane Pads 550,000 619,000 34,000 1,203,000 (369,000) 834,000

Met Masts 37,000 6,000 1,400 44,400 (8,400) 36,000
Mobilization/Soft 
Costs 929,000 - - 929,000 - 929,000

Project Totals 7,997,000 5,470,000 935,400 14,402,400 (13,616,400) 786,000

Total per WTG [$] 13,790

Total Project (57 WTGs) [$] 786,000

Note: negative values, those in parenthesis, are positive returns to the Project.

It is stressed that this report is based on broad assumptions regarding the Project, including the approach to 
the decommissioning task and the market conditions for contracting costs, scrap value, and resale options. 
It is recommended that the estimated costs of decommissioning be reviewed closer to the end of the 
operating period (e.g., 2 to 4 years prior to the end of operations). At that time, it would also be prudent to 
take into consideration: 1) whether Project profitability and turbine conditions justify continued operation 
beyond the initially assumed Project operating life; and 2) whether a “re-powering” scenario, in which case 
the existing turbines would be removed in the interest of constructing a more valuable project with larger, 
more efficient turbines, may be feasible. In the first scenario, decommissioning costs could be paid for by 
allocations of Project revenues in future Project years, while in the latter scenario, any decommissioning 
costs could be transferred to the capital budget of the new project.
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INTRODUCTION

sPower Development Company, LLC (“sPower” or the “Sponsor”) retained DNV KEMA Renewables, Inc.
(“DNV GL”) to perform a decommissioning analysis for Prevailing Wind Park, LLC of the Prevailing Wind Park 
Energy Facility (the “Project”) to be located in Bon Homme, Charles Mix and Hutchison counties, South 
Dakota. The Project is intended to consist of 57 GE 3.8-137 WTGs on 110 m towers with a total rated output 
of 216.6 MW and associated infrastructure.

sPower has advised DNV GL that the required decommissioning tasks will include the removal of all towers, 
WTGs, substation, underground collection lines, ancillary equipment and other physical material owned by 
and pertaining exclusively to the Project, and restoration of the property, including the Project roads. 

This report makes the following key assumptions: 

Decommissioning will start soon after the end of the Project’s operating life (assumed to be 30 years 
for purposes of this study), and all decommissioning work is performed in generally conducive 
weather conditions; and
Decommissioning includes removal of WTGs, electrical cabling, electrical components, roads, and 
any other associated facilities down to 4 feet below grade from the natural surface of the property
except for collector cables as stated below.

Additionally:

- The WTG foundations will have only 4 feet of the pedestals and concrete transformer pads
removed and the remainder of the spread footing, which will be below this 4 feet grade, will be 
abandoned in place.

- sPower has advised DNV GL that the underground portion of the collection system,
approximately 64.8 miles of underground cabling, will be buried below 4 feet grade [1]. This 
report assumes that the cables will be removed during decommissioning.

- Approximately 16.9 miles of Project roads will be decommissioned. DNV GL considers this a 
conservative assumption as many land owners may find such roads a benefit to their land and 
request to keep them.

Crane pads are assumed to have been remediated during initial construction, but reseeding is 
assumed herein.
At the Sponsor’s request, no transmission line has been included in this assessment.

This report does not consider the time value of money; the results should therefore be adjusted to represent 
the inflated costs at the time of decommissioning (e.g., annual escalation). It should also be noted that 
commodity values are volatile and difficult to predict over the study horizon.

This report also does not consider the decommissioning scenarios from a legal or commercial perspective, 
which should be assessed by the Sponsor.
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1 STUDY ASSUMPTIONS 

DNV GL’s decommissioning study methodology assumes there are strong parallels between wind power 
project construction and decommissioning programs. DNV GL has used an internal bottom-up 
decommissioning model developed from its experience in the wind industry to formulate these study results. 

All costs are quoted in 2018 US dollars, and it should be noted that no specific quotes were obtained in 
relation to this study, although the Project’s location has been considered in the modeling. The study is 
broken down into three sections: disassembly, removal, and salvage/disposal. Due to the uncertainty 
associated with the majority of cost categories assumed and modeled, DNV GL has rounded costs to the 
nearest $1,000, unless otherwise noted.

1.1 General assumptions

DNV GL has assumed that, on average, one 700 or 800-ton tracked crane will dismantle one turbine every 
1.5 days (including time for crane movements from turbine to turbine and some minor weather delays). The 
Project layout provided by the Sponsor which included crane paths was analyzed for crane walking 
impediments to estimate crane teardown requirements. Two base cranes for lower tower sections, as well as 
to aid in loading the components onto transport trucks, will also be required. The number of main cranes 
used determines the approximate time to complete the job. While a detailed analysis in this regard was not 
performed, the Project was assumed to require the number of cranes and teardowns presented in Table 1-1.

1.1.1 Bon Homme County Requirements
DNV GL considered the Bon Homme County requirements for decommissioning [3], which were provided by 
sPower. The requirements relevant to this analysis include the following: 

(d) Decommissioning Requirements. Decommissioning and site restoration includes dismantling and 
removal of all towers, turbine generators, transformers, overhead and underground cables, 
foundations, buildings and ancillary equipment to a depth of forty-two (42) inches; and removal of 
surface road material and restoration of the roads and turbine sites to substantially the same 
physical condition that existed immediately before construction of the LWES. To the extent possible, 
the site must be restored and reclaimed to the topography and topsoil quality that existed just prior 
to the beginning of the construction of the commercial wind energy conversion facility or wind 
turbine. Disturbed earth must be graded and reseeded, unless the landowner requests in writing 
that the access roads or other land surface areas be retained.

According to sPower, there are no decommissioning requirements in Charles Mix or Hutchinson Counties. 

1.2 Initiation and mobilization

Before executing any decommissioning works, it is necessary to plan the work carefully, secure the 
appropriate permits and insurance, and manage the program of work and associated health and safety risks 
in order to ensure successful completion of the work. It is assumed that mobilization and soft costs are 
overhead. Soft costs, for the purposes of this study, include costs not specifically accounted for in the 
derivations presented later in this Report, including environmental studies, obtaining permits, environmental 
protection plans, hazardous material disposal, onsite administrative infrastructure and staff, utilities, off-site 
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project management and insurance/legal services. DNV GL assumed 5% of the total disassembly and 
removal cost will be required for soft costs. 

In addition to soft costs, DNV GL assumed that an additional 1% of the total disassembly and removal costs 
will be needed for contractor mobilization. DNV GL accounted for a lay-down yard of 48,311 m2 to house the 
office trailers, staff parking and facilities for mobilization and demobilization based on information provided 
by the Sponsor [1]. Table 1-1 summarizes the crane, mobilization, and soft cost assumptions used in this 
report, as well as the total cost estimate for such activities.

Table 1-1 Mobilization and soft cost assumptions

Item Quantity 

Number of main cranes needed (wheeled) 1

Number of main crane tear-downs needed 1

Number of base cranes needed 2

Number of base crane tear-downs needed 1

Decommissioning contractor's lay-down yard size [m2] 48,311

Additional mobilization as percent of total hard costs (1) 1%

Decommissioning soft costs as percent of total hard costs (2) 5%

Total Mobilization and Soft Costs $929,000

(1) Represents the costs of contractor’s mob./demob.
(2) For soft costs, it is assumed that decommissioning would be completed for the entire Project at once.

1.3 Schedule

It is assumed that the decommissioning program would be 17 to 20 weeks in length. This timeline is based 
on the assumption that the dismantling rate of the WTGs is approximately one turbine per 1.5 workdays per 
crane, and that 7 to 9 workdays of mobilization and demobilization are allowed before and after turbine 
dismantling. While disassembly could in theory be done with slightly less care than during assembly 
(damage to turbines is not as much of a concern), safety and resale considerations will likely dictate that 
disassembly be accomplished in much the same fashion as erection, although in reverse order. 

It is also assumed that other works across the site such as foundation removal, underground collection 
systems disassembly, substation disassembly and reclaiming of roads will be done simultaneously and/or in 
concert with the turbine dismantling and crane progress.
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2 DISASSEMBLY

The disassembly of the Project pertains to all work prior to physical transportation of the infrastructure from 
the site. In the case of the WTGs, it includes the dismantling and loading of the tower sections, nacelle, and 
blade scraps onto trucks for transport. In the case of concrete foundations and roads, it pertains to the tear 
down, aggregate stripping, excavation and backfilling, and all reclaiming as necessary. Reseeding of 
removed roads and turbine areas is included in these costs. 

Although certain activities must be sequenced appropriately, based on DNV GL’s knowledge of wind project 
construction considerations, it is assumed that many activities (e.g., turbine, collection system, and 
substation disassembly) may be undertaken in parallel, facilitating an efficient decommissioning process.

2.1 Turbines

Once the site is mobilized, it is assumed that the decommissioning of turbines would start immediately and 
sequentially. This typically entails the individual removal of the rotor assembly followed by the nacelle 
enclosure. The tower internals are stripped of lifts, cables, cabinets, lighting and other miscellanea and are 
then dismantled, section by section, down to the foundation surface.

For the Project, 57 turbines are to be removed, consisting of 3.8 MW nacelles, with five-section, 110-m steel 
towers, and 67.2-m blades. It is assumed that the scope of the disassembly works includes the cost of labor, 
machinery, and tools required to perform the tasks and the loading of the dismantled material onto 
transport vehicles for removal from site. The bigger crane would be required on site for approximately 12 to
15 weeks during the turbine dismantlement activities. The base crane may be required a slightly longer 
period in order to assist with transport loading activities and substation dismantling.

It is also assumed that aside from the possible removal of the drive train to aid lifting, the nacelle and its 
contents will remain fully intact for purposes of transport. All cooling, heating, and lubrication fluids will be 
drained, stored, and appropriately disposed of before the nacelle is removed from site. Blades, however, will 
be cut into sections for easier transport to a recycling or incineration plant.

The costs presented below include the cost of a wheeled crane to handle the hub/rotor, nacelle and top 
tower section (or top sections, depending on base crane hired). They also include the cost of a base crane 
for lower tower sections, as well as to aid in loading the components onto transport trucks. The costs take 
into consideration the rental of special tools needed from the manufacturer. 

sPower has advised that the site will be remediated to 4 feet below grade. It is assumed that approximately
29 m3 of crushed concrete will result from removing each turbine’s foundation pedestal to achieve this
criterion. Table 2-1 summarizes the turbine disassembly costs for Project.
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Table 2-1 Summary of turbine disassembly costs

Cost item Estimate per WTG ($)

Dismantle hub and blades (3 blades per turbine) 22,000

Dismantle nacelle (drive train and generator included) 22,000

Dismantle tower sections, internals included 36,000

Dismantle pad-mounted transformer 4,000

Remove turbine foundation (1) 7,000

Total per WTG 91,000

Total for Project (57 WTGs) 5,187,000
(1) 4 feet below grade. Does NOT consider concrete tower sections (which are not 
expected)

DNV GL notes that the disassembly costs of WTGs are highly dependent on crane costs (which include crane 
plus crane crew): over 80% of the total per-WTG cost is associated with crane-related costs. DNV GL
estimated this cost based on experience from various projects in North America. It is noted that crane 
availability may greatly influence crane costs, and that it is not possible to accurately predict crane costs 
given the long study horizon.

2.2 Collection system

The decommissioning of the collection system has been considered in this report, per the Bon Homme 
County requirements and as requested by the Customer. Due to the relatively high value of conductors, 
removal and resale of the underground cables may yield a positive return to the Project. sPower has 
requested DNV GL to calculate this potential revenue and include it in the net decommissioning cost 
calculations. Therefore, it was assumed that all underground cabling will be removed and trenches restored.

2.2.1 Underground Collection System
According to sPower, the Project collection system will be composed of 64.8 miles of three-phase buried 
lines along with bare copper grounding cable. Underground collection system disassembly includes trenching, 
winding triplex with ground wire, and reclamation. The conductors would subsequently need to be re-reeled 
for transport.

It is assumed that the scope of the disassembly includes the cost of labor and the loading of the dismantled 
material onto transport vehicles for removal from site. It is assumed that the disconnection work at the 
terminals would be performed as part of turbine removal or substation removal. The results are reported in 
Table 2-3 below.

2.2.2 Overhead Collection System
In accordance with the documentation provided by sPower, which indicates that no overhead collection lines 
are being utilized, DNV GL did not consider any overhead lines in this decommissioning analysis. 
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2.3 High-voltage substation

The Sponsor has advised that the Project will be equipped with one 34.5/115 kV, 225 MVA transformer
located at the project substation. The remaining portion of the Project high-voltage (HV) substation is 
assumed to include typical equipment seen in North American wind power project substations for projects of 
this size, including grounding transformers, bus bars, relay switches, circuit breakers, air disconnect 
switches, capacitor banks, reactor banks and a control building. It is assumed that a dead-end structure will 
also be present.

The interconnection switchyard for the Project has not been considered in the decommissioning analysis.

It is assumed that the scope of the disassembly work includes the cost of labor and machinery required to 
perform the disassembly tasks, including disconnection work at the terminals, and the loading of the 
dismantled material onto transport vehicles for removal from site. The following table summarizes the costs 
to disassemble the Project’s high voltage substations.

Table 2-2 Costs to disassemble Project substation

Item Estimate ($)

Preparation 8,000

Dismantle HV equipment 25,000

Dismantle and prep. main transformer for shipment (each) 17,000

Remove control/O&M building 115,000

Remove foundations 52,000

Large machinery hire 15,000

Small machinery hire 13,000

Reclaim and reseed 16,000

Total 261,000

2.4 Site access roads 

In practice, it is probable that most of the roads could remain after the completion of the Project, with the 
exception of the dead-end access roads that lead to the turbines. However, for purposes of the study, 
DNV GL has assumed that the entirety of the approximately 16.9 miles of roads will be remediated. Based 
on Sponsor information, DNV GL has additionally assumed that 57 crane pads will be reseeded during 
decommissioning, but that removal of concrete would have occurred during initial construction activities. The 
lay-down yard reclamation is accounted for in the mobilization/demobilization costs. Decommissioning of the 
site access roads will typically include stripping back the road surface and replacing it with topsoil in keeping 
with the surrounding environment. In the case of the Project, this activity also includes stripping and piling 
geotextile material used in the road base. The costs include reseeding with native grasses. A secondary 
reseeding may be required if the initial work proves inadequate. 
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The results are reported in Table 2-3 below. Note the cost of aggregate transport off site is captured in 
removal costs.

2.5 Meteorological masts

Four permanent 110-m meteorological (met) masts are to be installed at the Project. It is assumed that the 
met masts will be disassembled at an appropriate time during the decommissioning activities so as not to 
interfere with the other ongoing work. This typically involves the use of a base crane to dismantle the mast,
section by section, down to the foundation surface. The instrumentation and booms would be either 
removed before the sections are laid down, or removed from the sections once on the ground.

It is assumed that the scope of the disassembly works includes the cost of labor, machinery and tools to 
perform the dismantling tasks, including foundation removal to appropriate below grade level, and the 
loading of the dismantled material onto transport vehicles for removal from site. It is also assumed that only 
one crane is needed for removal. The results are reported in Table 2-3 below.

2.6 Disassembly conclusion

The total estimated cost for the disassembly of the Project is summarized in Table 2-3.

Table 2-3 Summary of Project disassembly costs

Cost item Estimate ($)

WTG 5,187,000

Collection system 1,033,000

HV substation 261,000

Transmission line -

Access roads 550,000

Met Masts 37,000

Mobilization & soft costs 929,000

Total Project Disassembly Cost 7,997,000
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3 REMOVAL FROM SITE

Removal of the Project in this study refers strictly to the transporting of the equipment from the site to the 
appropriate landfill, aggregate rework facility, or scrap yard. Various distances and truck sizes are applied in 
DNV GL’s decommissioning model, depending on which Project component is being considered. Removal 
costs also include the costs of unloading the material once it reaches its destination. DNV GL notes that 
appropriate landfills and scrap yards appear to be located in the general region of the Project.

3.1 Turbines 

It is assumed that the scope of the removal of the WTGs includes the cost of labor and vehicles required to 
transport the dismantled material to an appropriate disposal, salvage or rework facility. It is assumed that 
the transport distances for general waste would be within a radius of 80 miles, whereas the more complex 
and valuable material is assumed to be transported within a radius of 300 to 450 km (300 miles for the 
tower internals and 450 miles for the main turbine and substation components). These assumptions may be 
somewhat conservative considering there are a number of recycling or salvage facilities near the Project 
site1. DNV GL additionally notes the presence of rail transport in the relative vicinity which could decrease 
costs for removal of turbine components. While most of the main turbine components are modeled to be 
removed much as they were initially transported to the site during construction, the turbine blades will be 
sectioned to limit oversize transport.

Table 3-1 summarizes the costs for the removal of each of the turbine components from the site.

Table 3-1 Turbine removal costs

Turbine component Estimate ($)

Blades (cut up prior to loading) 5,000

Hub (one per truck) 10,000

Nacelle 10,000

Tower sections 50,000

Internals 1,000

Transformer 1,000

Crushed foundation (29 m3) 600

Total per WTG 77,600

Total for Project (57 WTGs) 4,423,000

1 DNV GL identified more than four in the Sioux Falls city area.
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3.2 Collection system

3.2.1 Underground collection system
It is assumed that the scope of the removal works includes the cost of labor and vehicles required to 
transport the dismantled material to an appropriate salvage facility. The material will mainly include the 
wound reels and/or cut cables removed by trucks. The results are reported in Table 3-3 below.

3.2.2 Overhead collection system
In accordance with the documentation provided by the Sponsor, DNV GL did not consider the removal of 
overhead lines in this decommissioning analysis. 

3.3 High-voltage substation

It is assumed that the transport distances for foundation rubble and general waste would be within a radius 
of 80 miles, whereas the more complex and valuable material is assumed to be transported within a radius 
of 300 to 450 km. It is assumed that local dump truck loads are 12 yd3 in capacity.

The following table summarizes removal costs for the Project substation. As previously mentioned, the 
interconnection switchyards have not been considered in the present study.

Table 3-2 Project substation removal costs

Substation component Estimate ($)

HV equipment 10,000

Main transformer(s) 10,000

Control/O&M building(s) 31,000

Dead-end structures 10,000

Crushed foundations (local transport) 8,000

Yard gravel (local transport) 4,000

Total removal costs for HV substation(s) 73,000

3.4 Site access roads 

For the purpose of removal calculations and at the Sponsor’s request, the Project’s 16.9 miles of roads to be 
removed were assumed to be 16 feet wide and approximately 1 foot deep and underlain by geotextile in line 
with industry best practice. While this width attempts to capture any shoulder material as well, the 
assumption that all roads to be removed are 16 feet wide is likely conservative with respect to the Project 
design and is expected to therefore cover the cost of decompaction and reclamation of any additional width 
required due to crane walking. Dump truck capacity is assumed to be 12 yd3 and all load trips are assumed 
to be local. The results are reported in Table 3-3.
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3.5 Meteorological masts

It is assumed that the scope of the removal works includes the cost of labor and vehicles required to 
transport the dismantled material from the four meteorological masts to an appropriate disposal, salvage or 
rework facility. The results are reported in Table 3-3 below.

3.6 Removal conclusions

Table 3-3 summarizes the total anticipated costs for removing the turbines, electrical collection system, 
substation, roadways, and met masts from the Project site.

Table 3-3 Project removal conclusions

Item Estimate ($)

WTG 4,423,000

Collection system 349,000

HV substation 73,000

Transmission line -

Access roads 619,000

Met Masts 6,000

Total Project removal cost 5,470,000
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4 SALVAGE – DISPOSAL

While it is impossible to predict the exact evolution of an industry 30 years into the future, it is not 
unreasonable to assume that there may exist by that time consolidated centers that will fully recycle a wind 
turbine given that many project “decommissionings” or “repowerings” will have been undertaken prior to 
that time. For example, DNV GL notes that significant attention is being placed by industry and academia 
alike into possible uses or methods for recycling wind turbine blades. 

DNV GL notes that in this section only, gains are shown as positive and costs to the Project are 
shown in parentheses

While it may become easier to recycle wind turbines in the future, DNV GL performed this study assuming 
only the application of present day means. Following the disassembly and removal of all materials from the 
Project site, four potential destinations for the remediated material are typically envisaged by DNV GL when 
performing decommissioning studies. These scenarios may add extra cost to the decommissioning budget or 
offer an opportunity to reclaim some value from the project components to offset the cost of 
decommissioning.

1. Low-grade material such as contaminated aggregate, concrete rubble, wood, non-recyclable 
materials and other mixed general waste will in all likelihood be sent to landfill or incineration at cost 
to the Project. DNV GL notes that there is a relatively large volume of waste associated with the 
glass reinforced plastic (GRP) which composes most turbine blades today. It is possible that in 30
years recycling blade GRP into cement fill, roofing shingles or other useful industrial raw materials 
may be a net positive for the Project, or at least an offset to the cost, but no such projections have 
been made in the present study. Thus, blade GRP has been considered waste in this plan.

2. Medium-grade materials such as small- and medium-gauge cabling, small motors, cabinets of mixed 
electronics, and lighting may be sent to salvage centers to be stripped for parts and sold for re-use 
or re-processing. This may be done at a nominal, neutral, or negative cost (positive return) to the 
Project. However, this material may also be sent to a landfill if an appropriate third party cannot be 
found. DNV GL notes that it is difficult to predict future returns of salvage for such materials due to 
the unpredictability of commodity prices.

3. High-grade materials such as large steel components (tower sections, bedplates, hub castings, 
gearboxes, and steel cables), large-gauge copper and aluminum cabling, aluminum flooring and 
ladders will be sent to reprocessing centers at a net neutral cost or positive return to the Project. 
DNV GL notes that it is difficult to predict future returns of reprocessing for such materials due to the 
unpredictability of commodity prices.

4. Reusable components that are deemed to be undamaged, functional and have not fulfilled their 
design life could be sold back to the manufacturer or its supply chain for a modest second-hand 
price for refurbishment. Some electrical infrastructure equipment as well as recently replaced turbine 
components could fall into this category.

Applying a conservative approach, DNV GL only considered items 1, 3, and 4 in this study. No resale gains 
were assumed for item 2; only scrap/disposal value were considered. Furthermore, item 4 was limited only 
to certain main components within a conservative age range.
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4.1 Pricing assumptions

The following salvage assessment is based on DNV GL’s decommissioning model which estimates bill of 
quantities, typical material weights, and mass and volume ratios for turbine components derived from the 
manufacturer’s technical specifications or from DNV GL experience. The DNV GL model uses commodity 
prices and disposal service rates as inputs.

For the Project’s decommissioning study, the following scrap commodity prices are assumed:

Steel and cast iron: $270/ton
Copper: $5,500/ton
Aluminum: $1,414/ton

Weights are in metric tons. It should be noted that the commodity price of metals is volatile and thus, 
assuming present day values will hold true is highly uncertain. The assumed prices are based on DNV GL’s 
analysis of USGS historical scrap metal cost statistics [4].

Because landfill costs are expected to keep rising, DNV GL used a different cost variable for the incineration, 
recycling, or disposal of GRP. Although it is possible that in 30 years technology will be available to extract 
the fibers from the epoxy laminate for high-grade industrial reuse at a net benefit, DNV GL assumed a net 
cost to incinerate or low-grade recycle the GRP as a separate cost to landfill. The following landfill costs are 
assumed:

GRP disposal (incineration or recycling): $100/m3

Class 2 landfill, Industrial/toxic waste: $75/m3

Class 3 landfill, General waste: $35/m3

4.2 Turbines

4.2.1 Salvage and disposal
There should be considerable opportunity to reclaim scrap value from the turbines from the copper in the 
low voltage cabling, transformer and generator; steel from the tower, hub, drive train and bedplate; and 
aluminum from the tower internals. The blades and nacelle housing are made from GRP and would have to 
be disposed of.

The following table summarizes the salvage revenues and disposal costs per turbine. Component weights 
have been estimated by DNV GL, and/or obtained directly from manufacturer’s documentation.
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Table 4-1 Turbine salvage and disposal values 
Component Estimate ($)

Blades (10,000)

Hub + blade steel 8,500

Nacelle/hub GRP (3,500)

Nacelle bedplate 17,000

Main shaft 2,000

Gearbox 7,000

Generator 24,000

Tower steel sections 76,000

Internals 18,000

Turbine transformer 12,500

Crushed foundation (1,000)

Net total per WTG 151,000

Net total for Project (57 WTGs) 8,607,000
Note: Negative values (those in parenthesis) are costs to the Project which represent disposal. Positive values 
are salvage-associated revenue.

4.2.2 Partial resale of major components
DNV GL considers that at the end of the Project’s assumed 30-year operating life, many of the components 
of the turbines will still be serviceable and have positive value in the secondary parts market. DNV GL
considers that the towers and nacelle shells would still be sold as scrap as well as the rest of the major 
components that were not resold.

While wind turbines are structurally designed to meet a fatigue life of 20 years plus some margin, DNV GL 
expects a significant number of failures during the Project’s operating life involving the major components 
such as gearboxes and generators. DNV GL continually tracks and models the various failure rates for each 
of the main components across all major wind turbine model types and has, for purposes of this study, 
modeled failure rate assumptions for the Project for the assumed 30-year life. DNV GL considers that a 
number of other considerations apply to the actual potential for the turbines to economically operate past 
their 20-year design life, but notes that such discussion is outside the scope of this report. 

It is assumed that other North American wind power projects with GE wind turbines (either owned by the 
Sponsor or not) will be arriving or will have arrived at their 20-year design life at the time of 
decommissioning of the Project, and some will have chosen to operate beyond it. Therefore, a secondary 
parts market may be assumed to exist that would demand some of the major components being 
decommissioned from the Project. Using a conservative approach and with the exception of the transformer, 
major components that are five years or younger (i.e., replaced or refurbished during operational years 25
through 30) are considered candidates for resale. Only the gearbox, generator, blades, pitch system, main 
yaw system, hydraulic unit, power converter, main bearing, and transformer are considered. The 
transformer is assumed to have a higher design life and so, half of the Project’s 57 turbine transformers are 
considered candidates for resale. 

Table 4-2 summarizes the turbine partial resale valuations estimated for the Project. The calculations 
account for the lost scrap opportunities.
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Table 4-2 WTG component resale valuations 

Component Qty. to 
Resale (1)

Assumed Resale 
Value [$] (2)

Scrap 
Loss [$] (3)

Gearbox 6 579,000 42,000

Generator 15 765,000 360,000

Blades 2 184,000 (20,000)

Pitch bearing 12 135,000 -

Power converter 21 200,000 -

Main bearing 9 288,000 -

Transformer 28 581,000 350,000

Gross Resale Total [$] 2,732,000

Minus Loss of Scrap [$] (732,000)

Net Resale Total [$] 2,000,000
(1) Component assumed to be resold based on DNV GL engineering judgment. 
(2) Represents aggregate resale value of all components eligible for resale.
(3) Partial resale of turbine components means scrap opportunities need to be 
subtracted from previous calculations; this is taken into account in this column, and 
therefore the net resale value of turbine components includes this loss of scrap.

4.3 Collection system

4.3.1 Underground collection system
The underground three-phase conductor and ground cabling reels from the Project will likely be sold for 
scrap. Based on Project information, DNV GL has estimated a total of approximately 194 miles of conductor 
(3 phases) along with 64.8 miles of bare copper ground wire. The salvage – disposal results are reported in 
Table 4-3 below.

4.3.2 Overhead collection system
In accordance with the documentation provided by the Sponsor, DNV GL did not consider the salvage value 
of overhead lines in this decommissioning analysis. 

4.4 High-voltage substation

There should be opportunity to reclaim metal scrap value from electrical equipment. Yard equipment such as 
bus work, circuit breakers, grounding transformers, and main transformers contain a significant amount of 
conductive material such as copper and aluminum. Dead-end and other steel structures contain a significant 
amount of steel. The substation yard also contains aggregate fill that would be sold. Rubble from the 
foundation demolition and all other materials would be sent to landfill at cost. The scrap value of the 
substation is presented in Table 4-3.

DNV GL considers that there is a resale market for the substation transformer. Therefore, the transformer 
could be sold as operational second-hand equipment instead of being scrapped. This scenario has been 
taken into account in Section 5.
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4.5 Site access roads 

For the purpose of removal and salvage calculations and at the Sponsor’s request, the Project’s 16.9 miles of 
roads to be removed were assumed to be 16 feet wide and 0.3 m (~1 foot) deep and underlain by geotextile, 
in line with Project drawings. 

The salvage – disposal results are presented in Table 4-3.

4.6 Meteorological masts

Although it is possible that the met masts could be dismantled, resold and reused at a different location, a 
30-year old mast has very limited reinstallation value. For the purpose of conservatism in this study, 
DNV GL assumes a dismantling and removal scenario with the intent of scrapping the met towers.

The salvage – disposal results are presented in Table 4-3 below.
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4.7 Salvage – disposal conclusions

The following table summarizes the opportunities from the salvage / disposal analysis. Please note that this 
table does not incorporate the turbine major component resale scenario presented in Table 4-2.

Table 4-3 Salvage/disposal value (without resale of turbine components)

Item Disposal ($) Salvage ($)

WTG (855,000) 9,462,000

Collection System (31,000) 1,324,000

HV Substation (14,000) 301,000

Transmission Line - -

Access Roads (34,000) 369,000

Met Masts (1,400) 8,400

Total Project Salvage Return (935,400) 11,464,400

Note: The value presented does not include the resale returns of turbine 
components; negative values, those in parenthesis, are costs to the Project.
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5 NET DECOMMISSIONING COST

The estimated net decommissioning cost for the Project is calculated by subtracting the total salvage value 
from the total of the disassembly and removal costs. This report presents two net decommissioning cost 
breakdowns: Scenario 1 assumes no resale of Project components, and Scenario 2 assumes the partial 
resale of major turbine components noted in Section 4.2.2 and the substation’s main power transformer. 

5.1 Net decommissioning cost – no resale

Table 5-1 summarizes the Project’s net decommissioning costs assuming no resale of any Project 
components other than for scrap value (Scenario 1).

Table 5-1 Project Net decommissioning costs – no resale (Scenario 1)

Item Disassembly 
[$] (A)

Removal 
[$] (B)

Disposal
[$] (C)

Total Costs
[$]

(D=A+B+C)

Salvage
[$] (E)

Net 
[$] (D+E)

WTG 5,187,000 4,423,000 855,000 10,465,000 (9,462,000) 1,003,000
Collection 
System 1,033,000 349,000 31,000 1,413,000 (1,324,000) 89,000

HV Substation 261,000 73,000 14,000 348,000 (301,000) 47,000
Transmission 
Line - - - - - -

Access Roads & 
Crane Pads 550,000 619,000 34,000 1,203,000 (369,000) 834,000

Met Masts 37,000 6,000 1,400 44,400 (8,400) 36,000
Mobilization/Soft 
Costs 929,000 - - 929,000 - 929,000

Project Totals 7,997,000 5,470,000 935,400 14,402,400 (11,464,400) 2,938,000

Total per WTG [$] 51,540

Total for Project (57 WTGs) [$] 2,938,000

Note: negative values, those in parenthesis, are positive returns to the Project.
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5.2 Net Decommissioning Cost – Partial Resale of Selected 
Components

Table 5-2 summarizes the Project’s net decommissioning costs for Scenario 2, which includes some plausible 
and conservative parts resale assumptions. 

Table 5-2 Project Net decommissioning costs – partial resale of selected components (Scenario 2)

Item Disassembly 
[$] (A)

Removal 
[$] (B)

Disposal
[$] (C)

Total Costs
[$]

(D=A+B+C)

Salvage/Resale
[$] (E)

Net 
[$] (D+E)

WTG 5,187,000 4,423,000 855,000 10,465,000 (11,462,000) (997,000)
Collection 
System 1,033,000 349,000 31,000 1,413,000 (1,324,000) 89,000

High voltage 
substation 261,000 73,000 14,000 348,000 (453,000) (105,000)

Transmission 
Line - - - - - -

Access roads & 
Crane Pads 550,000 619,000 34,000 1,203,000 (369,000) 834,000

Met Masts 37,000 6,000 1,400 44,400 (8,400) 36,000
Mobilization/Soft 
Costs 929,000 - - 929,000 - 929,000

Project Totals 7,997,000 5,470,000 935,400 14,402,400 (13,616,400) 786,000

Total per WTG [$] 13,790

Total Project (57 WTGs) [$] 786,000

Note: negative values, those in parenthesis, are positive returns to the Project.

5.3 Future recommendations

It is stressed that this report is based on broad assumptions regarding the Project including the approach to 
the decommissioning task, the market conditions for contracting costs, and scrap value and resale options. 
DNV GL recommends that the estimated costs of decommissioning be reviewed closer to the end of the 
operating period (e.g., 2 to 4 years prior to the end of operations) when better visibility on these factors 
would be possible. Also at this time, the value of decommissioning could be reviewed against potential 
extended operational revenue. At the same time it would also be prudent to consider a “re-powering” 
scenario, in which case the existing turbines would be removed in the interest of constructing a more 
valuable project with larger, more efficient turbines. Any cost to remove the old turbines would be incurred 
as construction costs of the new wind power project.
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APPENDIX A – CUSTOMER PROVIDED INPUTS

1000 Special requirements

1001
Decommissioning requirements applicable to the 
Project Bon Homme County Requirements

1100 Project Basics 

1101 Wind Power Plant Name Prevailing Wind Park Energy Facility

1102 Construction Status ntp 4th quarter 2018

1103 General Location South Dakota

1104 No. Wind Turbines 57

1105 Make and Model of Wind Turbine GE 3.8-137 3.8 MW

1106 Hub Height 110 m

1107 Project Capacity 216.6 MW

1108
Project Design Life (civil, turbine, electrical and 

financial) 30 years

1109 Decommissioning to Occur After Which Project Year 30

1110 No. of Substations to Remove 1

1111 No. of main project transformers 1

1112 No. of control/O&M buildings to Remove 1

1113 Length of Underground Collection System to Remove 104.3 km

1114 Length of Overhead Collection System to Remove 0

1115 Length of Transmission Line to Remove 0

1116 Length of Project Access Roads to Reclaim 27.1 km

1117 No. of Meteorological Towers to Remove 4

1118 Average Height of Met Towers 110 m

1119 Met tower type Self-support

1120 Depth of removal 4 feet

1200 Additional Information 

1201 COD date 2019

1202 Estimated Annual P50 Production Capacity Factor Confidential

1203 Main step-up transformer voltage 34.5kV/115kV

1204 Main step-up transformer rating 225 MVA

1205 No. of Transmission Line Steel Poles N/A

1206 No. of Transmission Line Wood Poles N/A

1207 Project Layout file name
Prevailing_Winds_LTE_v180425_For_DNV.km
z

1208 Number of tower sections per Wind Turbine 5

1209 Site plan (incl. Electrical layout)
Prevailing_Winds_LTE_v180425_For_DNV.km
z

1210 Construction schedule Not provided

1211
As built or issued for construction (IFC) drawings 

(civil & electrical) Not provided

1212 Contracts in place or existing quotes/price Not provided
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ABOUT DNV GL
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations to 
advance the safety and sustainability of their business. We provide classification, technical assurance, 
software and independent expert advisory services to the maritime, oil & gas and energy industries. We also 
provide certification services to customers across a wide range of industries. Combining leading technical 
and operational expertise, risk methodology and in-depth industry knowledge, we empower our customers’ 
decisions and actions with trust and confidence. We continuously invest in research and collaborative 
innovation to provide customers and society with operational and technological foresight. Operating in more 
than 100 countries, our professionals are dedicated to helping customers make the world safer, smarter and 
greener.
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