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1 INTRODUCTION AND OBJECTIVES 2 CONTRIBUTIONS TO PATHFDNR

C1 - planning phase: under the hypothesis of perfect predictions,
development of a numerical tool for the optimal sizing and operation of
hydrogen generation sites and study of the impact of modelling level of fidelity;

This work deals with cost-effective generation of hydrogen and flexibility provision
from hydrogen generation sites. The following research questions were addressed:

B . L . . . —
Q1 - does the adoption of high-fidelity models affect the identified optimal design” C2 — planning phase: assessment of the economical benefits from sector

Q2 — how much can waste heat recovery reduce the levelised cost of hydrogen? coupling between hydrogen generation sites and district heating networks;
C3 - operational phase: quantification of flexibility provision from the
operation of an hydrogen generation site and development of flexible control
strategies;

Q3 — how much flexibility can an hydrogen generation site provide?

3 METHODOLOGY - ENERGY SYSTEM AND NUMERICAL TOOLS

Planning phase: perfect forecasts.

Boundary Conditions: e
Electricity and heat prices, | Mixed integer linear programming (MILP) for the minimization of
weather data. the levelised cost of hydrogen with the key components sizes

o Battery( Kb Compressor: S Storager S and operational variables as design variables;

ous o | v Electrolyzer Penom> Target: A desired hydrogen production of 100 kg/day is targeted;

@—»Q; > e 100 kg,,/day Use of high-fidelity models from manufactures and literature [1];
Q Qoo 900 bar
PV panels: Ppv,peak @,
o Analysis of the operation of a representative case study
ry cooler

% ‘ T @ Qosmmr @ 35 o Operational phase: case study of MOVE [2].

Grid MT;HN MOVE is a refuelling station for hydrogen vehicles with a PEM
N Pw Heat Exchanger @) electrolyser of 186 kW.

OMENCatre- e, MILP for operational cost minimization with PWA functions
C: capacity [kWh]; S: nominal size [kW]; Q Operational Variables _¢ Qo it e o P calibrated over historical data:
P: electrical power [kW]:  Q: heat [kW]; ﬂ: > |.m 65 °C e 4. e ey
SOC: State of Charge []: m: mass flow rate [kg/s] | () Sizing Variables Heat s T DHN Quantification of flexibility through flexibility envelope [3].
4 PLANNING PHASE - OPTIMAL DESIGN 5 OPERATIONAL PHASE - FLEXIBILITY PROVISION
4.1 Use of high-fidelity models Optimal components’ sizes and capacities for When high fill level are measured in the storage The concept of flexibility
The optimal sizes are compared for increasing modelling fidelity tanks, the maximum power can be provided for envelope [3]
# short times; Available Aexiviity

different modelling level of fidelity for break 'Fupeax  Se = Sue  Suex Ko - LCOH duration A evelops

[kW]  [kW]  [kW]  [kW] [kWh] [CHF/kg] The lower power bound has very sharp drops in

points _ _
guaranteed duration when going from one power

the electrolyzer efficiency, n,,with the

Zymﬁ)((" _”t'”d'ca]:“”g th?h”umbgwi Const +0%  -9.95% -9.35% +0% +0%  +3.53% level to the next. This is due to the non-convex
rea p_Oan? or c energy bounds; Time
approximation. n=2 +0%  -0.94% -027% +0% +0% +1.69% Flexible

power

The optimal configuration converges

for n=4. However, near optimal sizing | 7=4 1500 471 105 O 0 10-65 200 - —
: : 20 =
S obtained already for n=2. n=10 +0%  +0.12% -006% +0% +0% -0.22% gé
150 A 15 ¢ @
. ] power 5O
4.2 Benefits from sector coupling kWl 0, - 10 52
A final LCOH=10.65 CHF/kg is Operational patter in a selected week 5 ©
. 50 i
predicted; | | |
: : lanned
The waste heat recovery (WHR) — 199 —Ppy 0+ planne
ensure a LCOH reduction of 6.0% = — Prem stored 150 = rin/max
- - . P mass 100 - s o ———
compared to solutions without WHR. g 0 \/ el.imp kol oy — all tanks
. . . _P : LI LI LI L LN T
During winter season, heat is always @ \/ Qel,exp 100 o tank
injected in the HT-DHN (65 °C) when ~ -1000 oy || e WW e
the electrolyzer is operating (figure on . 1 l N 0+ — = - - - = Nigh fank
the right); Jan29 Jan31 Feb 02 Feb 04 o o> o> &> &> & 06,0‘*
’ Time 2018 e e e e iy oy oy
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