Hydrogen Optimization Model

Zhihan Wang
EME Summer Research Internship Program 2022

Introduction Method Conclusion

Nowadays, the development of tgchnolog1es Assume a joint generator/storage/pipeline facility. — The algorithm have defined the opti.mal
and the influence of global warming have The generator has attached to it a pipeline and a Nameplace capacity MW scenarios for both solar plant and wind plant

Egﬁg nn;cot]r(e)ﬁe;xefg;c;cielnet:;r;, a‘;,?a(r),éj rbecomin storage facility with certain amount of capacity and Initial Storagé STORO | 14 from PJM.
S i S injection ability. Each time period, hydrogen will be STEE LY CAPRES | 20 Solar:

an issue. With the high carbon emission and aenerated from the generator. Here are some steps: Mean of distribution Optimal pipeline capacity: 56.65

the non-renewability of fossil energy, the —— Energy Efficiency EE Obtimal , v 10
concept of energy transition is introduced to 1. Send hydrogen to the market through pipeline. SR e = ptimal reservoir capacity:

our society. Energy transition is a process of 2. Inject remaining hydrogen into the storage. RPN - Optimal injection capacity : 18.32

switching energy from fossil fuels to other 3. Release Hydrogen into the atmosphere if hydrogen L — CAPPIPE Maximum profit: $2,627,905.69
low-carbon energy sources. More generally, generated beyOnd faCIllty Capacity. efficiency sending directly to pipeline EP o ;555;??222?5?3665 9802, 625 . 6420, 65625])

jac:

the energy tranSitiOn ]S a StFUCtural Change : W]thdraw hydrogen frOm Storage .If p]pel]ne Injection capacity of reservoir INJECT megi?ij; ’Sgptimizatimn terminated successfully

in the supply and consumption of the capacity not filled efficiency of injecting into reservoir ERES nit: 6
' njev: b

existin g energy system. Am aj or step of the efficiency of injecting from reservoir into pipeline | ERESPIPE statuz: 0

oq o . « . success: True
energy transition is to reduce or eliminate x: array([56. 6458194 , 10.00093683, 18.32197288])

the Usage Of fOSS]l fuelS fOr aUtOmOb]leS, According to the calculation, the firm could make $ 2627905, 69
STORBt Amount of H stored in the reservoir at the beginning of the period t. with the optimal capacities [56. 6458194 10. 00093683 18. 32197288]

Hyd rogen 1s considered as an alternative CAPAVAILt = CAPRES-STORBt Capacity available in the reservoir in period t
source for automobiles. Hyd rogen can be It The amount of solar or wind energy the generator receives at period t. wind:

enerated from renewable ener sources H= Ko ¥*EE*FR*MW* [, total amount H generated in period t . ) . .
fUCh as wind. and solar. Then uilyng , HIPt = EP*Ht amount H available to delivery to pipeline from the generator Opt]mal p]pel]ne CapaC]ty° 60.11
) . )

: : : HIPD,=Min (HIPt, CAPPIPE) amount H delivered to the pipeline from generator Opt] mal reservoir ca D acity: 10.05
electrolysis to split water into oxygen and HIPGt = 1/EP *HIPDt or HIPGt = HIPDt/EP total amount of H spent to inject into the pipeline

hydrogen in a carbon-free manner. HAVAILRESt = Ht - HIPGt amount of H send to the reservoir Optimal injection capacity : 20

RESAVAILt= min(INJECT. CAPAVAILt ammount of H that i1s available to inject into the reservoir g .
R e ety e HIRt= mji (RESAR-’AELT I—IAR-;AILRES*ER_E:IS t of H available to be inj Jt d into th 0i Maximum profit: 35,168,260.05
ZHE GI + de- = Inin ] :l AIT1OUNt O dvdallaple 1O E‘lﬂJE‘E 2ad 111tO 2 reservolr fur: —51RS2R0. 053854374

HWAS=HAVAILRESt - HIRt'ERES amount of H releases into the atmosphere jac: array([-4870. 9777 . RT08.1875])
PIPECAPAVAIL RESt=CAPPIPE-HIPDt remaining space in the pipeline message:  Optimization terminated successfully’
-Min(INJECT , STORBt*ERESPIPE, PIPECAPAVA amount of H available to deliver from resvoir to pipeline ntev: 103

HRESPIPEDPt= HRESt/ERESPIPE amount of H delivered to the pipeline from reservoir n?i }E

NETRESt=HIRt - HRESt net H injection into reservoir status: O
STOREt=STORBt+ HIRt - HRESPIPEDDPt the amount of hydrogen stored in the reservoir at the end of period t success: True
HRESITABt=CAPRES - STOREt rernaining storage space in the reservoir x: array([60. 10688086, 10.05344043, 20 1)

: ) ) According to the calculation, the firm could make F 5162260, 05
HPIPE=HRESPIDEDDt + HIDDA amount H delivered to pipeline with the optimal capacities [60. 10688086 10. 05344043 20,

Python algorithms are created using the defined variables and formulas. Acknowledgement
import numpy as o L = w0 L | would like to thank the Penn State EME

from scipy. optimize import minimize #Total amount of K2 delivered to pipeline = amount of K2 delivered from reservoir + amount of 2 delivered from generator

from scipy import optimize HPIPE, append (HPIPE_t) Department fOr prOViding me With thiS

import csv

‘ TO bu.ild an eCOnOmiC Opt.im.izat.ion model #5tores amount of HZ2 sent to pipeline in each period excellent Opportunity tO gain researCh Skills

= (105) . o . . oy HPIPE_tf = sun(HPIPE)
MW = float(105) #Nameplate capacity, float creats numbers in decimal points, 105 is the initial value HWAS_tf = sum(HWAS)

fOI’ hyd rOgen faC]l]ty US]ng python. STOR = [14] #list of storage values HIP tf = sum(HIP) and eXperlenCG.

EE = float (0. 75) #energy efficiency
K mwh = float(l) #MFF to hvdrogen constant EE HIR_tf = sum(HIR)

‘ Def]ne the tOtal OUtpUt and prOf]t Of the FR = float (1) #fraction of hours in time intervals HRES_tf = sum(HRES) | Would alSO l]ke to thank Dr. Kle]t and Dr. Dah]

BP = float(0.95) fefficiency sending directly to pipeline B tf = sum(H)

15 BRES = float (0. 92) #effics £ intecting dnt : e e o P J . .
hyd rOgen faC'l l'lty. RSP IPE zafloat(ﬂ. 56} ;}Zﬁjiﬁ;ﬁ“;f;ﬁit;ﬁ;fifﬁ;;mﬂﬂ - torint (' The total amount of Hydrogen injected into pipeline at the end of | IF-1 ‘periods are:’, '8 2f ¥ HPIFE tf 'The total for the'l r gU]dance and Suppo rt th roughout the

e return (-1) % (30#HPIPE_tf - 26000%CAPPIPE - 62000% (CAPRES0,5) — 1000% (INJECT#%1. 5))

€ Use SciPy.optimize from python to — o , research process.
o o o . file = openl solar.working. LCSY , T
construct an optimization function. cs.reader = csv reader (i, deliatter=,) o o) Contact
I. append (row[5]) | return xlU) - axxll] = 2%x

S, 2 . . . : ef constraint?(x):
@ To optimize the size of pipeline capacity . " et alta 25 Zhihan Wang - EME Summer Research
def tot_injlxz): 0 = [0, 15, 15]

to maximize facility’s profit. iz~ 1 R Internship
€ To optimize the size of storage capacity to cAPPIPE = [0 o = (10, 3 Fmail: zpw5162@psu.edu

HRES = [] b = (60, 80)
s . e . - : CAPRES = x[1] b3 = (10, 20)
maximize facility’s profit. UgEc - x[2 s = (5 b2 53

TF = len(l) #Input the number of time periods _p = :
consl = {"type’ @ "eq, 'fun : constraintl]

HPIPE = [0] #Stores the amount of HZ eventually deliversd to the pipeline in each periocd : L : qu P ,
cons2 = { type’ : "ineq, fun : constraint?)

€ To optimize the size of injection capacity S - (] o = ezasly )

H =[] et AR . , John and Willie Leone Famil
. . of o ’ . for t in range(l, TF):#Calculation program going through every period sol = optimize. minimize (tot_inj, 20, hounds = bnds, constraints = cons) y
tO MaxXimize faC] l]ty S pI‘Oflt. CﬁPM’AIL_gt = CAPRES - STDR[t—l]p e ) o print (sol) @ E§E£i¥?:gh Department Of Energy and
and Mineral Sciences Mineral Engineering
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