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The move to larger turbines has been observed in the United States and around the world. Turbine

scaling increases energy capture while reducing general project infrastructure costs and landscape The effect of the advanced technology inputs on ° = CostRoduction nnovations  NAERInRovatGnsl
impacts, each of which of can reduce the cost of wind energy. However, scaling in the absence of specific parameters is represented in Figure 5. Actual ~ £
innovation, can increase turbine costs. The ability of turbine designers and manufacturers to continue impacts varied depending on the turbine size (i.e., g
to scale turbines, while simultaneously reducing costs, is an important factor in long-term viability of 2.5 MW or 5.0 MW). Where direct comparisons can 5 o
the industry. This research seeks to better understand how technology innovation can allow the be made, these results are shown along with the .
continued development of larger turbines on taller towers while also achieving lower cost of energy. estimates from Cohen et al. (2008). Error bars §
S . . L represent the range of impact, or in the case of the &%
Modell_ng incremental technology |mprovements |der_1t|f|ed over the past decade demonstratgs tha? cost Cohen et al. (2008) data, estimates of the expected s
reductions on the order of 10%, and capacity factor improvements on the order of 5% (for sites with range of potential impact. sles
annual mean wind speed of 7.25 m/s at 50m), are achievable for turbines up to 3.5 MW. However, to
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achieve a 10% cost reduction and a 10% capacity factor improvement for turbines up to 5 MW, Figure 5. ing Impact from Inputs

additional technology innovations must be developed and implemented.

Objectives 00

Scaling to larger turbines has been an industry trend (Figures 1-3). This research assumes that $2,500
continued scaling is desirable and advantageous for the industry. It evaluates an array of proposed
technical innovations and quantifies their impact on hypothetical future turbines conceptualized to
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achieve performance targets identified in the literature. It compares the impact of these proposed g
innovations on turbine costs with the cost projections articulated in the 2008 U.S. DOE report, 20% Wind 8 $1,500
Energy by 2030. E ’
Project Goals: (1) Identify and model the impact of technology innovations that are both incremental g $1,000 2CeWind Sady: ange ofConts 20102030
and widely recognized as viable technological improvements on turbines that scale gradually to 5.0 MW, 5 ——NoRED
(2) evaluate whether future cost and capacity factor projections in the DOE (2008) report, 20% Wind $500 ——Expected Technology
Energy by 2030, are compatible with industry trends towards larger rotors, taller hub heights, larger ——SBest Technology
capacity ratings, (3) identify the turbine systems most likely to support cost reductions as the industry 50 T Currentmass ratos i :
scales
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%0 100 :': o Figure 6. Results Summary Across All Scenarios.
" < i ot Results (Figure 6) show that without technology advancement, continued scaling will be halted by excessive
gn § ) = i Hv. - - costs. However, with incremental changes in technology, turbines up to 3.5 MW are expected to achieve both
Lo i 5 ‘" performance increases and lower costs. For 5.0 MW turbines, incremental technology improvements will
L E A j :‘: reduce costs. However, to see continued turbine cost reductions and capacity factors on the order of 43%
£ 0 e §-“ ‘w (for a mean annual wind speed of 7.25 m/s at 50m), additional innovations will be required.
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5 in Specific Turbine Systems.
We first conceptualized future turbines that scale to 2.5 MW, 3.5 MW, and 5.0 MW and increase capacity "
factors gradually from 39% to 43% (capacity factors estimates assume a Class 4 wind regime, 7.25m/s at #500 '"""A";",':'!j";‘;j":‘:““’"
50m). This task was carried out using NREL's Wind Turbine Design Cost and Scaling model (Fingersh et al. w© Technology Scenarios
2006). This model allows basic optimization in developing general turbine parameters (e.g., hub height and NoR&DBasecase  Drivtrain Blades Towers  Powerklectronics Manufacturing  Effcency (Siting &  BestTechnology  CurrentMass  20% Wind 2030
rotor diameter) and generates turbine cost and performance estimates. Two sets of innovation opportunities, ) fates femate
expected technology and best technology were also developed. Both scenarios rely on the same basic set
of technology changes, which originally emerged from the U.S. DOE Wind Partnership for Advanced Figure 7. Sources of Cost Reduction for a Conceptual 5 MW Wind Turbine

Technology Components (WindPACT) (e.g., Bywaters et al. 2005, Malcolm and Hansen 2002, Cohen et al.
2008) and are summarized in Table 2. “Expected technology” indicates that a specific technology is likely to
be widely adopted in the future. “Best technology” is indicative of the maximum beneficial impact from a
given technology change, as determined by Cohen et al. (2008). One additional scenario was included that
assumes future turbines could be built with today’s blade and drivetrain mass ratios (i.e., kg/m2 and kg/kW,
respectively). Changes in some parameters (e.g., reduced losses) resulted in increased energy capture. As
a result, turbines modeled in the expected and best technology scenarios were scaled down so as not to

The impact of technological advancements in various turbine component areas along with the incremental
value of the best technology scenario and additional innovations that allow for today’s nacelle (kg/kW) and
rotor (kg/m?)mass ratios to be achieved with larger future turbines are shown in Figure 7. Examining the
results by impacts from specific turbine component areas shows that implementation of advanced
technology across turbine systems is important for continued scaling. Improvements in drivetrains,
advanced tower designs, and reductions in array and other turbine losses are especially critical.

exceed the explicit capacity factor targets. Basic design features of the conceptual turbines used in each Conclusions
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expected and best technology scenarios (Figure 5).
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