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General Is my process made for demand side management

Question: implementation from an economic point of view?
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Demand Side Management

Task 1:

Task 2:

Task 3:

Task 4:

General

Question:

Identification of a new industry area with high DSM that has
not yet been optimized for DSM implementation

Development of a decision support tool to help estimate the
profitability of a DSM implementation

Application of decision support tool on new industry area in a
case study

Dynamic simulation and optimization of a DSM in new
process for more realistic consideration

Is my process made for demand side management
implementation from an economic point of view?
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Development of a decision support tool of a DSM implementation SBG
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Development of a decision support tool of a DSM implementation SBG
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Development of a decision support tool of a DSM implementation
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Development of a decision support tool of a DSM implementation
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Development of a decision support tool of a DSM implementation SBG
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Development of a decision support tool to help estimate the profitability
of a DSM implementation

DSM implementation

profitable Task 2:
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Applying the decision support tool in a dynamic simulation environment

Steps to answer Task 3 and 4

Decision support tool
developed by Réder et al.
(2023) to analyze economic
DSM effects on processes

| !

Implementing Decision
Support Tool Methodology into
Aspen Custom Modeler
Flowsheet

Aspen Plus simulation
of biorefinery described by
Etzold et al. (2023)

Transfer of simulated process
from Aspen Plus to Aspen
Custom Modeler

Application of decision support tool on new industry
area in a case study

Task 3:

Dynamic simulation and optimization of a DSM in
new process for more realistic consideration

Task 4:
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Methodology Task 3
Application of the decision support tool in a case study
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Methodology Task 3:

Application of the decision support tool in a case study

Ctotex (Fos) =
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:
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DSM strategies are based on the flexibility to turn a process off at times when prices are high but only
serves an economic purpose if the monetary benefits exceed the increase in resulting capital costs
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Literature review on DSM
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Techno-economic assessment of novel biorefinery

concept 3

Mass balance

miomass [ Fertitizer [ water Wheat straw: 3.22 t/h (14.28 MW)
= Cattle manure: 3.22 t/h (1.38 MW)
o Wi Process water: 114 Uh

MP

Recirculated water: 21,89 Uh .

HP

Urea: 0.05 t/h .

Water: 010U g

Flocculant; 0.08 t/h Biogas: 2.00 t/h
water: 3180 ' (CHy: 26%, €052 73%)

Digestate: 30.75 t/h

Recirculated water: 1.13 4

Hi0.23 t/h
(7.7 Mw)

H3804:0.15 h
water: 001 /0

= MP

Svlld fertilizer: 9,004/

le330aw) Uiquefied renewable
tiquid fertilizer: 3,28 t/h
(1.02 Mw) (13,65 Mw)

Energy consumption
0,075

sHP ®mAD ‘CM Dp

MP: mechanical preparation
HP: hydrothermal pre-treatment
AD: anaerobic digestion

CM: catalytic methanation

DP: digestate preparation

' Dotzauer (2020) — Gitlab.com/M.Dotzauer/gpm_dtbt

2 Roder et al. (2022) — DOI:10.1002/er.8353

3 Etzold et al. (2023) — DOI: 10.1016/j.biteb.2023.101476
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DSM strategies are based on the flexibility to turn a process off at times when prices are high but only
serves an economic purpose if the monetary benefits exceed the increase in resulting capital costs

Rbuf
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Fos +1 Vrer
Ctatex,o F os,opt Ctotex,min P econ t b [a]
[€/day] [%] [€/day] [€/day] P

Bale opener 122 90 115
Straw chopper 269 184 236
Methanation 1555 0 1555
Ccapex(Fos) Screw press 115 0 115
Decanter
: 927 821
centrifuge 209
Ultra filtration 1051 0 1051
Reverse 504 243
osmosis 372

Ctotex(Fos)

Ctotex( Fos,opt

Costs - Cin k€/a

Copex(Fos)

Oversizing factor — Fos in %
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DSM strategies are based on the flexibility to turn a process off at times when prices are high but only
serves an economic purpose if the monetary benefits exceed the increase in resulting capital costs
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Values for dynamic simulation:
Fosopt=200 % £ 25% Daily average electricity price
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. 24 . . 0
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Resulting dynamic mass flow through decanter Resulting economic DSM potential
100 0,5
_ — m F,;=209%
S0 045 b I - osm209%
£ ” W
. F,;=200%

'SQ 60 0,3 g oS 831 IFOS=2OO%
§40 ‘ 0,2 ;; — Fos=150% 830 m F,,=150%
= S
22 | 01§ T = F,e=100%
B L | @ E,s= 75% Fo= 75%

0 0

1 3 5 7 9 11 13 15 17 19 21 23
Time- tinh Minimum total costs - Ciotex in €/d

The resulting values for Cyy¢., are lower for all F, factors than those for 200%,
where optimal oversizing was initially assumed

In dynamic simulation result for optimal oversizing factor is F,;=100%

Deviations occur from steady-state results due to the switch-on and off times of
the processes
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Sensitivity Analaysis SBG

Implementing DSM only serves an economic purpose if the monetary benefits
exceed this increase in capital costs

Sensitivity analysis

byear — Electricity price variation sox /% -50%
byear ;/’g:’/i:z 50% -50% Ipus — Investment for buffer tank -30% W/ 50%
Ip — Investment for process -30% W 50%
jbu ) 12927"2 -30% 50% R — Ecenomiesiisuleof pracess -20% W 20%
. ok o ro% i — Interest rate 10% V// 50%
! EPCp — Electric power consumption 0% 7/, -10%
: L 0% °0% Rypuy — Economies of scale of buffer tank | -10% [N 0%
EPC,~ 174kwW 0% -10% 25 50 75 100 125 150 175
Ryur 10 -10% 0% Payback period - £ [al
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A tool for assessing economic parameters in DSM implementation for
continuously operated processes has been proposed.

Costs - Cin k€/a

* The key aspect is determining the extent to which a process step should be
oversized to maximize flexibility but not incur excessive additional costs.

:\ f& - v * For the optimal oversizing factor a lower value was obtained in the dynamic
= N

- simulation in comparison to the initial steady-state assumption, due to
\ M different electricity prices and reaction times in the dynamic perspective
i e oo o e ki  The biggest factors uncertainties influencing the economic profitability of
e DSM in continuously operated processes are electricity price fluctuations
-10% B s0% . . .
on 7 -10% and investment costs for process and intermediate storage.

-10% [N 0%
25 5.0 75 100 125 15.0 17.5
Payback period - pp [a]
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Ciotex,0 Fos,0pt Ctotex,min Pecon t.p [a]
[€/day] [%] [€/day] . [€/day] P
Bale opener 122 90 115 L 7 8
Straw chopper 269 184 236 s 33 6
Methanation 1555 1555

Screw press

Decanter
centrifuge

Ultra filtration

Reverse
0smosis

Two of four processes in Outlook: Could making the intermediate steps
digestate treatment cascade — more flexible further minimize the total cost of
suitable for DSM the cascade?
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