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Motivation and Purpose Introduction

Power-to-Gas (PtG) is a technology that has the potential to be a system Our techno-economic analysis aims at investigating the economics behind

) (VLo gl A oI [T o h o T p L R Y= o hA o) do)e (B Losdlo) Ao V= R a - A Sl s a1 ei | electrolysis, which Is also referred to as Power-to-Hydrogen (PtH). Our model

renewable energies. Despite the fact that the technology is mature, it has not Incorporates multiple hydrogen as well as various electricity markets. We examine:

penetrated the market, yet. Financial resources are, among others, often " Cost components of hydrogen production,

_ _ _ _ : = Profits of hydrogen production,

blamed for. To investigate the economics behind the first step of PtG, Power- T _ N _ | |

_ _ _ _ o = The point in time PtH, will generate positive unit profits for electrolysis' operators,

to-Hydrogen (PtH,), we derive a microeconomic partial equilibrium Market . _ _ _
= Hydrogen usage paths and electricity markets that will play a major role in

model for water ELectrolYsis, MELY, with a temporal horizon up to 2040.

electrolysis' market penetration.

Methodology and Input Parameters

Figure 1 gives an overview on the 12 Figure 1: Overview on MELY’s subsectors and system boundaries, own representation. The subsectors Compete for the limited
subsectors, that are constituted by | Electricity markets (E) Electrolysis Hydrogen usage quantities. To  determine  which
paths (U) : . ..
T subsector will use the limited electricity
European Energy

Exchange O [ | :“;"t’git{m and serve the limited demand, we
X 2
the flow of the input factor electricity to Power-to-H, assume a call sequence that proceeds

200 bar  Trailer
vending the production output hydrogen | Negative secondary & fHz] [ ] [ ] = mlil | Industry according to the subsectors’ marginal
Tertiary control market ﬂ—%’ @ —d [-" R

:h sector _ : :
In its usage paths Is Indicated. The | (scr-& TCR) ) profits. If the maximal available
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are crucial assumptions for the cost | gyrpius (R gridinfeed (¢ Nydrogen demand Is satistied, the

combining an electricity market E with a

hydrogen usage path U. Furthermore,

]

calculations. subsector E-U will stay inactive.
Additional input factors for hydrogen production are water, labour and physical After ascertaining the level of production, costs and discounted profits are computed.

capital. Values of selected input parameters are shown in Table 1 and Table 2. We further apply a profitability condition and carry out an OFAT sensitivity analysis.
Table 1: Selection of chosen input parameters w.r.t. the electricity and hydrogen market. Table 2: Selection of chosen input parameters w.r.t. capital input and technical input parameters.
lnputparameter | Unit | 2020 | 2030 | 2040 | Source [l Inputparameter

_ Unit | 200 | 2030 | 2040 | Souce
706 561

Electricity price EEX €/kWh_, 0.0349 0.0409 0.0469 [1], [2], own data fitting Investment into electrolyser €/kW,, 851 [7], own data fitting
Electricity price SCR €/kWh_, 0.007 0.0105 0.0129 [3], own calculation and data fitting Investment specific to W €/2,000 kW, 1.59 - 10° 1.3-106 1.17 - 10° [7], [8], own calculation
Electricity price TCR” €/kWh_, 0.0009 0.0023 0.0033 [3], [4], own calculation and data fitting Investment specific to U €/kgcapacity P-2- E 8.32 5.59 2.85 [8], own calculation and data fitting
Electricity price RE €/kWh,, 0 0 0 [5] Investment specific to / €/2,000 kW, 1.59 - 10° 1.3 - 106 1.17 - 108 [7], [8], own calculation
Hydrogen price in M €/kWhy,, (LHV) 0.2536 0.2972 0.3409 [6], own calculation Investment specific to G €/2,000 kW, 2.87 - 10° 2.35-10° 2.11-10° [7], [8], own calculation
Hydrogen price in | €kWh,, (LHV)  0.0676 0.1051 0.1426 [7], 18}, [9], own data fitting % p.a. 6 6 6 [11], 112}, [13]
Hydrogen price in G €/kWhy,, (LHV) 0.0434 0.0706 0.0978 [7], [8], own data fitting Efficiency factor of electrolyser % (LHV) 63.25 70 74.25 [7], [11], own data fitting
Regulation charges €/kWh_, 0.0412 0.0023 0.0023 [3], [7], [8], [10], own data fitting Full load hours h p.a. 2,500 2,500 2,500 [7]
1) This unit refers to the investment into the capacity of a refuelling station, which is measured by the hydrogen quantity a refuelling station can theoretically provide.
Only the demand from the mobility sector M will be satisfied with positive unit profits The OFAT sensitivity analysis displayed in Figure 4 refers to the subsector RE-M as
Figure 2: Hydrogen unit profits, own calculation. for electrolysers’ operators (Cf Figure 2)_ Figure 4: Sensitivities, subsecetor RE-M, 2030, own calculation. this subsector turns out to be most
. H NG . .
0 Renewable energies RE and the control ~__ ~__— attractive. Our analysis comes to the
— — - i N _— . . .
g ° markets TCR™ and SCR™ will serve the 3 \> __—— ——— conclusion that unit profits react most
%_10 demand partially from 2027 until 2029. From u‘g 0//;/// \\ sensitive to a variation in the hydrogen
.E' : ~-RE-M _ " " £ T . .
s K s’ 2030 on, the subsector EEX-M will achieve £ . — =< price, capital costs and full load hours. Note
S\ \ =0 positive unit profits and will supply additional - e s that  the  latter two parameters have
2015 772020 2025Year 2030 2035 +EEX_Gzo40 hydrogen SUCh that tOtaI demand In the -0_5 0.6 0.7 0.8 \l()égriati;via;e;‘;riczg‘lﬁ, 12 —F:s-{grogenpriﬁ 17_5 reperCUSS|OnS on the eﬂ:eCtlveneSS Of the
Figure 3: Capacities in the mobility sector, [14], own calculation. mObIIIty sector M Is met. Figure 5: Unit cost decomposition, subsector RE-M, own calculation. factor input Capita|, thus indiI’ECﬂy impaCting
Xézgoﬁ_tsg:tsglzasggzixmM . o 18 N -BE:E:222;2::221,3:;12:?&1{ | the eﬁ:eCtiVity Of Capital COStS-
[ Taretdns sty piatom Prc Figure 3 portrays capacities that are o B st st v M (ntuing et ate and matenance) |
14— Il Unit investment into electrolyser (including interest rate and maintenance
- oS EEEE required to serve the entire demand in the g~ _ _ _
z - N _ s 0 Figure 5 provides the explanation for the
:El mEEEEEEEE mobility sector M and capacities that will be & ., ~___ . .
8 . . L . s result of the sensitivity analysis: fix costs
° installed given the profitability condition. = _ _ |
S —— L B play a major role while variable costs take
0 2015 2020 2025 Year 2030 2035 2040 ° 2015 2020 2025 Year 2030 2035 2040 Up a relatlvely Sma” pOrtlon
. L . [11 European Energy Exchange AG, "Phelix Power Future," 2014. [Online]. Available: http://www.eex.com/de/marktdaten/strom/terminmarkt/phelix-futures#!/2014/08/29. [Accessed 29 08 . .
Further researCh’ eSpeCIa”y endogenISIng Certaln 2] z(.)zg;miedeke,Interviewee,EuropeanEnergyExchangeanditsfuturedevelopment.[Interview].28082014. MELY negates the general assertlon PtH2 IS nOt

[3] A. Moser, M. Zdrallek, H. Krause and F. Graf, "Nutzen von Smart-Grid-Konzepten unter Beriicksichtigung der Power-to-Gas-Technologie," Deutscher Verein des Gas- und

variables, would provide a deeper insight into PtH,'s eSO e ]

[4] Regelleistung.net, "Daten zur Regelenergie," 2014. [Online]. Available: https://www.regelleistung.netfip/action/abrufwert. [Accessed 11 07 2014].

economical. The subsector RE-M yields positive

[6] M. Sterner, "Power-to-Gas - Zwischen Mythos und Wahrheit," in dena Jahreskonferenz Power-to-Gas 2014, Berlin, 02.07.2014.

p rOS p e Ctive EVO I Ut| O n . Le ar n i n g = by_ d O i n g Eﬁe CtS aS We I I [6] Statista GmbH, "Durchschnittlicher Preis fiir Superbenzin in Deutschland in den Jahren 1972 bis 2014," 2014. [Online]. Available: u n I t p r O f i tS i n 2 O 2 7 an d f u rt h e r S u b S e C t O rS

http://de.statista.com/statistik/daten/studie/776/umfrage/durchschnittspreis-fuer-superbenzin-seit-dem-jahr-1972/. [Accessed 18 09 2014].

) . [7] U. Albrecht, M. Altmann, J. Michalski, T. Raksha and W. Weindorf, "Analyse der Kosten Emeuerbarer Gase - Eine Expertise fiir den Bundesverband Emeuerbare Energie, d I | I h bl M f ” p

as inclusion of CO,-abatement costs would enhance Bundesverband Windenergie und den Fachverband Biogas, Ludwig-Bolkow-Systemiechk Gmbl (LBST), Bochum, 2013, Involving the mobDllity sector OlioOW  up.
B8] U. BQnger, H. Landing_er, E. Pschorr-Schoberer, P Schmidt, W. Weindorf, J. Jéhrens, U: Lanﬂ1brecht, K Naumann and A. Lischke, "Poyver-to-Gag (Ptg) im Verkehr - Aktl_JeIIer Stand und . . .

the demand for green hydrogen. An UDPWArd SPIiral o s s s o s ey g s oo o meimicn Consequently, hydrogen is able to substitute fossil
[9 A. Zbrner, Interviewee, Preise fiir Wasserstoff zur Anwendung in der Industrie. [Interview]. 18 09 2014.

m Ight Set: Increased demand Would Iead '[O a rlse in [10] ggg%eﬁrlrllinisterium der Justiz und Verbraucherschutz (BMJV), "Stromsteuergesetz §9a," 2014. [Online]. Available: http://www.gesetze-im-internet.de/stromstg/__9a.html. [Accessed 17 fu eI S b ut for Pt H2 to fu n Ctl O n aS en ergy Sto rag e’

[11] J. Nitsch, T. Pregger, T. Naegler, D. Heide, D. Luca de Tena, F. Trieb, Y. Scholz, K. Nienhaus, N. Gerhardt, M. Sterner, T. Trost, A. von Oehsen, R. Schwinn, C. Pape, H. Hahn, M.
Wickert and B. Wenzel, "Langfristszenarien und Strategien fiir den Ausbau der erneuerbaren Energien in Deutschland bei Berlicksichtigung der Entwicklung in Europa und global,"

p rO d u Ctl O n : d e g rad i n g th e COStS Of p ro d u Cti O n an d th e Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR), Fraunhofer-Institut fiir Windenergie und Energiesystemtechnik (IWES), Ingenieurbiiro fiir neue Energien (IFNE), Stuttgart,

Kassel, Teltow, 2012.

p ri Ce fo r hyd ro g e n I n tu rn e n h an CI n g th e d e m an d T h e [12] ﬁémglrlﬁrrjgggég/lﬁel-tlze’Tgéz\t/égiﬁ;it/a;}:.nl\(lljfskgéz.uit:;r:/zrszgsf;hllzc;(\e/rj (,,E\r}tcvsv\i,sl)(llggn\rl]c’)gg;?ularen Konzepten zur Erzeugung, Speicherung und Einspeisung von Wasserstoff und p ar am et e r S h y d r O g e n p r I C e ; C ap I t al C O S t S an d f u | I

[13] M. Jentsch, T. Trost and M. Sterner, "Optimal Use of Power-to-Gas Energy Storage Systems in an 85% Renewable Energy Scenario," Energy Procedia, no. 46, pp. 254-61, 2014.

Improvements especially regarding the sensitive

load hours are required.

[14] Deutsche Energie-Agentur GmbH (dena), "Propositionspaper," 2013. [Online]. Available:

tru t h f u I p Ote n tl al Of Pt H 2 WO u I d b e reve al e d . http://www.powertogas.info/fileadmin/user_upload/downloads/Positionen_Thesen/130227_Positionspapier_PowertoGas.pdf. [Accessed 06 06 2014].




