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Bazi sozler : Akademinin rolinU dogru anlamak

* Yeni teknolojinin
Olceklendirilmesinin ne kadar zor
oldugu dogru anlasilamiyor.
Gercekte prototip yapmaktan
%1,000-10,000 daha zor.
Makineleri yapan makineyi
yapmak, makinenin kendisini
yapmaktan kat kat daha zor

Prototipler kolay, tretim zor.
Elektrikli araba yapmak Tesla icin
zor olan kisim degildi, bunu
onlarca sirket de yapti.

@ Elon Musk &

@elonmusk

The extreme difficulty of scaling production of new
technology is not well understood. It's 1000% to
10,000% harder than making a few prototypes. The

machine that makes the machine is vastly harder than
the machine itself.

7:56 AM - Sep 22, 2020 - Twitter for iPhone

2 Elon Musk &
@elonmusk

Replying to @PaperBaglnvest

Prototypes are easy, production is hard.

Making an electric car was not the hard part of Tesla -
dozens of companies have done that.

10:25 PM - Mar 18, 2022 - Twitter for iPhone
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Photovoltaics (PV) module costs have declined rapidly over forty years but the reasons 1
remain elusive. We advance a conceptual framework and quantitative method for quantifying |
the causes of cost changes in a technology, and apply it to PV modules. Our method begins |
with a cost model that breaks down cost into variables that changed over time. Cost change
equations are then derived to quantify each variable’s contribution. We distinguish between 1 -
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Fiyatlar, 6lcek ve teknolojik degisim

Factor Unit 1980 2001 2012 References and notes
Plant size (K) MW /yr 1 13.3 1000 1980: (Swanson, 2006). 2001: (Fraunhofer Institute, 2017), (Swanson, 2006).
2012: (Applied Materials, 2011), (Fraunhofer Institute, 2017), (Swanson, 2006).
modules/yr 1.72x10* 8.09x10* 3.35x10® Calculated by dividing the plant size in MW /yr by module power output in
each year. We use the modules/year values to populate the plant size variable
in our model.

Module efficiency (1) unitless 8% 13% 15.2% 1980: (Mints, 2015),(Christensen, 1985). 2001: (Mints, 2015),(Rohatgi,
2003),(Symko-Davies et al., 2000). 2012:(Mints, 2015), (Powell et al., 2012).

Polysilicon price (ps) 20158/kg 126 36 26 1980: (Mints, 2015), (Williams, 1980), (Costello et al., 1980). 2001: (Mints,
2015),(Swanson, 2006). 2012: (Mints, 2015), (Powell et al., 2013).

Wafer area (A) cm? 90 156 243 1980: (Christensen, 1985), (Mints, 2015). 2001: (Mints, 2015), (Swanson,
2006). 2012: (Powell et al., 2012),(Mints, 2015).

Silicon thickness (t) um 500 300 180 1980: (Swanson, 2006). 2001: (Swanson, 2006), (Sarti and Einhaus, 2002).
2012: (Applied Materials, 2011), (Fraunhofer Institute, 2017), (Goodrich et al.,
2013a).

Silicon utilization (U) unitless 0.20 0.36 0.45 1980: (Hammond, 1977). 2001: (Sarti and Einhaus, 2002). 2012: (Centrotherm
Photovoltaics, 2010).

Silicon usage (v) = t/U cm 0.25 0.086  0.04 See the references for ¢ and U.

Yield (y) unitless 75% 86% 95% 1980: (Mints, 2015). 2001: (Rohatgi, 2003), (Mints, 2015), (Sarti and Einhaus,

2002). 2012: (Applied Materials, 2011), (ITRPV, 2012), (Mints, 2015).
Share of materials costs (f) unitless 0.69 0.43 0.65 1980: (Williams, 1980). 2001: (Maycock, 1997). 2012: (Powell et al., 2013).
Scaling factor (b) unitless 0.27 0.27 0.27 (Maycock, 1997).
Module cost 20158/W  29.07  4.08 1.08 1980: (Mints, 2015), (Christensen, 1985). 2001: (Mints, 2015). 2012: (Mints,
2015), (Goodrich et al., 2013b), (Powell et al., 2013), (Ravi, 2013).

Table 1: Data used to calculate module cost components. Table S1 provides the individual data
collected from the references above and the approach for obtaining the central estimate of each
variable.

https://www.sciencedirect.com/science/article/pii/S0301421518305196



Gunes fiyatlari neden distu? (Alt seviye)
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Figure 3: Contribution of the low-level mechanisms to module cost decline in 1980-2001 (left), 2001- Contriliies e 1980-2001 2001-2012 1980-2012

2012 (middle), and 1980-2012 (right). Mechanisms are listed in the order of decreasing contribution ' A$/W % A$/W % A$/W %

for the 1980-2001 period. A Efficiency -5.96 24% -0.35 12% -6.30 23%
A Non-Si materials costs  -5.51 22%  -0.44 14% -5.95 21%
A Silicon price -4.38  18%  -0.10 3% -447 16%
A Silicon usage -3.80 15%  -0.23 8%  -4.02 14%
A Wafer area 271 11%  -048 16% -3.19 11%
A Plant size -2.07 8% -1.08 36% -3.15 11%
A Yield -1.73 7% -0.21 7% -1.95 7%
A po 1.18 -5% -0.12 4% 1.06 -4%

Change in module cost -24.99 100%  -3.00 100% -27.99 100%

Table 3: Contribution of the low-level mechanisms to module cost decline in 1980-2001 (left), 2
2012 (middle), and 1980-2012 (right). Mechanisms are listed in the order of decreasing contribu
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other mechanisms such as spillovers. Scale economies, learning-by-doing, and private R&D were all

Hieoniibuon i modulejocat chenge catalyzed by market-stimulating policies. Our data does not let us separate the effects of private and
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Ne sonuclar?

* Akademi prototip icin (ve insan yetistirmek icin)
e Ticari UGrln ayri bir Grin (tecribe, test asil bilgi )

* Teknolojik gelisimi cok katmanl
* Her katmanda para kaybetmek var

* Onlarca teknoloji, 100lerce prototip => Kazanan 1, getiri %100
* Piyasa buyuklugi?

* AB 300 milyar € = Turkiye esdegeri 52 milyar €
* Devlet bu isin ilk etapta kazanani degil, iticisi olacak mi?
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