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Yasal Uyar!

* Bu sunumdaki gorus/oneri/calisma
ve dusunceler hicbir kurum,
kurulus veya dernege
atfedilemezler.



Icerik
e Kanuni altyap!
* Turkiye enerji dengesi
* Dogalgaz arz/talep

* Yenilenebilir etkisi
* Diger piyasalara etkisi



Amag

4646 sayili Kanun

DOGAL GAZ PIYASASI KANUNU

(ELEKTRIK PIYASASI KANUNUNDA DEGISIKLIK .
YAPILMASI VE DOGAL GAZ PIYASASI HAKKINDA KANUN) 2

Madde 3 - Bu Kanunun uygulanmasinda;

Bakanlik : Enerji ve Tabii Kaynaklar Bakanligin,

Bakan : Enerji ve Tabii Kaynaklar Bakanmni,

3) BOTAS : Boru Hatlari ile Petrol Tasima Anonim Sirketini,

)
)
)
4) Kurum : Enerji Piyasma Diizenleme Kurumunu,
)
)

Kanun Numaras : 4646 5 KI%[IJ] : ]f_r_ierji_Piyasaﬂ Dliz.enleme"Klll.lmlu_nu. ] S o
Kabul Tarihi - 18/4/2001 ) 6 Tuzel kisi (sirket) : BL} Kanun hu.lli.Ll.l.'ﬂ'Erl Elyannca dogal gazm firetimi, iletimi, dggltlml_. _Ll:_rp{,an satig, ithali,
Yaymmlandigi Resmi Gazete : Tarih : 2/5/2001  Sayr : 24390 . el veya kamu hukuku tiizel isisini, _
Yaymmlandig: Diistur : Tertip: 5 Cilt : 40 ilen gaz haling kl_d_ogal l:udrokarbonla_r ile bu gazlarn piyasaya
SUNUIMak Uzere cesidl yontemiere siviasirimis, Dasinglandinimis veya fiziksel islemlere tabi tutulmus (Sivilastiridmig
Petrol Gazi -LPG haric) diger hallerini,
BIRINCI KISIM

Genel Hikiimler

BiRINCI BOLUM
Amac, Kapsam, Tammlar ve Yetki

8) Uretim : Dogal gazm 7.3.1954 tarihli ve 6326 sayili Petrol Kanunu kapsaminda Tiirkiye'de yer altinda bulunan
vataklarindan yer tistiine gikarilmasin, temizlenmesini ve aritiimasim, toplama hatlariyla iletim hatlarina kadar tasmmasin,
9) Uretim sirketi (igletmed) : Tiirkiye'de iiretim faaliyetini gergeklestiren tiizel kisiyi,

Madde 1 — Bu Kanunun amaa; dogal gazm kaliteli, sirekli, ucuz, rekabete dayal esaslar gercevesinde cevreye

zarar vermeyecek sekilde tiiketicilerin kullammina sunulmasi icin, dogal gaz pivasasinin serbestlestirilerek mali agidan giicli,

istikrarh ve seffaf bir dogal gaz piyasasimin olugurulmas: ve bu piyasada baimsiz bir dizenleme ve denetimin
saglanmasidir.

https://www.epdk.org.tr/Detay/lIcerik/3-2934/dogal-gaz-piyasasi-kanunu



Turkiye — Enerji Dengesl

Millions of tonnes of cil equivalent +
Turkey
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Nihal Tuketimlerde

Industry (2017) Other (2017) Transport (2017)
Total: 27.7 Mtoe

Total: 32.5 Mtoe Total: 40.0 Mtoe

m il 0.0 Mtoe

o 00Moe m Ol products 4.1 Mioe ,

0il products 43Mioe g Coal samoc W Ol 0.0 Mtoe
Coal 69Mioe W Naturalgas 14.0 Mioe [ ] Oil products 27.1 Mtoe
Natural gas 103 Mioe m Biofuels and waste 2.4 Mtoe L Coal 0.0 Mtoe
Salarftidefwind 03Mioe H  Geothermal 1.9 Mtoe | Matural gas 0.4 Mioe
Electricity 9.7 Mioe ] Solartidefwind 0.5 Mtoe [ | Biofuels and waste 0.1 Mtoe
Heat 1.0 Mtoe | Electricity 11.3 Mtoe [ | Electricity 0.1 Mtoe



Talep tahminleri var

Dogal Gaz Talebi - Tahmini Gelisim

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

UYARI: Icerik gercek hesaplara dayanmayip, tartisma amachdir



Ama bir ¢cok arz tahmini var

Dogal Gaz Arzi - Tahmin

B Kdmdr Yataf Metan
B Yerli Dofjal Gaz Uretimi
B Gaz Hidrat
Hidrojenden Metan
B Biogaz
B Dogal Gaz

995 2000 2005 2010 2015 2020 2025 20320 2035 2040 2045 2050

UYARI: Icerik gercek hesaplara dayanmayip, tartisma amachdir



Yenilenebilir artisi ile kesinti gerekliligi

Artan Ruzgar ve Glnes Kurulu Glcine gore Kesinti Miktan (log MWh)
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Gilnes
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Kesinti gereken saat miktari

Artan Rizgar ve Glunes Kurulu Gucine gore Kesinti Saat Sayis
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Ruzgar 20000MW ve Gunes SOOOOMW

Rizgar=20000MW GlUnes=50000 MW igin 300 - 1059 saatler aras| Uretim/kesint
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Ruzgar 35000 MW , Gunes 50000 MW

Rizgar=32000MW Glnes=50000 MW icin 0 - 8759 saatler arasi Uretim/kesinti
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Fazla elektrik ne olacak?



Elektrikten diger kaynaklara

Electric power
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—* Processeswith Hz production upstream H,0+C0, Chemicalinput

—# Processeswithout Hy production upstream —  Electric power input
—® Processeswith syngas production upstream DME : DiMethyl Ether

—* Processeswith heat production RWGS5: Reverse Water Gas Shift

Figure 1 — Power-to-gas, power-to-liquids and power-to-heat routes and their energy markets

http://www.enea-consulting.com/wp-content/uploads/2016/01/ENEA-Consulting-The-potential-of-power-to-gas. pdf



Biraz Python

#hydrogeneurope. eufelectrolysers
kg2m3=12
def electrolyser(MWh=0,efficiency=0.6):

# input Mwh, return kg
return (MWh*1000/(33/efficiency))

def fuelcell{kgHydrogen=8,efficiency=0.58):

#input kg, return Mwh
return (kgHydrogen*33*efficiency)

#nrel hydrogen production cost analysis
cost_storage per_kg =2

cost plant per kg=3.7
electricity cost per kWh=0.0855
Mwh_input=1

#per 1008 kWh=1 Mwh

def convert _electricity(Mwh=0):
#unit conversion
kWh2toe=0.000086
electricity2methane efficiency=0.5
electricity2hydrogen efficiency=0.65
electricity2electricity efficiency=0.35
electricity2liquid efficiency=0.4
totalkWh=MWh*1000
totalmethane equ=kWhZ2toe*totalkWh*electricity2methane efficiency/1000008
totalhydrogen equ=kWh2toe*totalkWh*electricity2hydrogen efficiency/1008000
totalstoredelectricity equ=kWh2toe*totalkWh*electricity2electricity efficiency/10000808
totalliquid equ=kWh2toe*totalkWh*electricity2liquid efficiency/1008000
return (totalhydrogen equ,totalmethane equ,totalliguid equ,totalstoredelectricity equ);

# 10 Twh elektrik ne kadar metan, hidrojen, sivi ve depolanmis elektrik esdederi olur
(h2,ch4,PtL,P)=convert_electricity(106000080)

h2 #mtoe

0.559

chd #mtoe

0.43

kg output_per_ kWh=electrolyser(l, efficiency=0.6)/1000

total cost per kWh=electricity cost per kWh+ (cost storage per kg+cost plant per kg)*kg output per kwh

total _cost per kg hydrogen=electricity cost per kwh*1888/electrolyser(l)+cost storage per_kg+cost plant per kg
total_cost _per_km3 hydrogen=1000*total cost_per_ kg hydrogen/kg2m3



Opsiyonlar

Elektrik->Hidrojen->Depo->Elektrik
— Yakit hicresi (100%)

- CCGT (50%)
Elektrik->Hidrojen->Metan uretimi
Elektrik->Hidrojen->Isi

- Dogalgaza rakip
Elektrik->Hidrojen->Sivi yakit

%35

%50
%65-80

%40



Hidrojen uretim maliyet

Depolama ve diger hizmetler 6 cent/kWh
$2/kg H,

Tesis maliyeti (elektrolizor vs) 11.2 cent/kWh
$3.1-$3.7/kg H,

Elektrik maliyeti
~ 5 cent/kWh
-5 cent/kWh? (negatif fiyatlarda verimlilik ters calisabilir!!)

17.2+elektrik << 5 (cent/kwh)

https://www.nrel.gov/hydrogen/production-cost-analysis.htmi



Diger yakit piyasalarina etki

Elektrik-H_-Elektrik

Elektrik-H2-IsI 3.5 TWh
22.1 GWh ‘
10 TWh
Yenilenebilir
Elektrik-Petrol esdegeri . !

Elektrik
1170 ton

Elektrik-CH,
470 milyon m3



Diger yakit piyasalarina etki(Saatlik)

Elektrik-H_-Elektrik

Elektrik-H2-IsI 11900 MWh
6.5 TWh ‘
34000 MWh

Yenilenebilir
Elektrik

Elektrik-CH,

1.6 milyon m3
Elektrik-Petrol esdegeri Y

344,000 vatil



Sorular?

Baris Sanli
barissanli.com
twitter.com/barissanli



Ek — Kod 1

def dispatch(gunes=5408, ruzgar=7200,talep=1,kuraklik=1): ruzgar=15000
# rezervuarli kanal orani 0.44 gunes=20000
res=gen['r'1*(ruzgar/7200) (h,r,g,d,k)=dispatch(ruzgar=ruzgar,gunes=gunes)
ges=gen['g'1*(gunes/5400) timestart=0 #300
hes=gen['h"1*kuraklik timerange=8759 #759

diger=gen['t']-res-ges-hes

kesinti=pd.Series(@, range(8761))

for i in range(87660):
hes_dep=hes[il/1.44

strt=timestart
stp=timestart+timerange
style.use('seaborn')

if diger[i]<o: rcParams|['figure.figsize'1=[15,81
tmp=diger[il] pal=["#08588F6", "#ADDIFD" , "#FFD733", "#555555" , "#FFFFFF"]
diger[il=0 stackplot{range(timestart, timestart+timerange) hlstrt:stpl,ristrt:stpl,glstrt:stpl,dlstrt:stpl
# print("HES'ten kesinti") labels=["'Hidro', 'Ruzgar', 'Gines', 'Diger', 'Kesinti'l],
if(hes_dep==-tmp): colers=pal, alpha=8.5, edgecolor="black"”, linewidth=0.81)
hes_dep=-tmp plot(range(timestart,timestart+timerange),-klstrt:stpl, color="red', label="Kesinti"}
. hes[il=hes[il+tmp ylabel {"Uretim{Mw)")
e e xLabel("Saat")

kesinti[il=-tmp i R . . - " . . . .
#dnce depolamaliyl azalt title("Rizgar="+ striruzgar)+"MW Glnes="+str(gunes)}+" MW icin "+str(timestart)+

hes[il=hes[il-hes dep " - "#str(timestart+timerange)+" saatler arasi ilretim/kesinti")
tmp=hes_dep+tmp legend(loc=(0,0.0081))

# print("Gines ve rizgar da kesinti:", tmp)

tplm=hes[i]+ges[i]+res[i]

hes[il=hes[il+(hes[i]*tmp/tplm)

ges[il=ges[il+(ges[il*tmp/tplm)

res[il=res[il+(res[i]*tmp/tplm)

#print("hes de yetmez", tmp)
return (hes,res,ges,diger,kesinti);

github.com/barissanli
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