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IEABIoenergy Task 37 - Energy from Biogas

A Assessment of cebenefits of biogas in a circular economy system
A Detailed assessment of an optimised utilization of manure
Decarbonisation of food and beverage industry

Energy and transport fuels from renewable gases

Efficacy of continuous tests
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How to reduce the methane slip at
biogas systems and landfill
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Economics and GHG marginal
abatement costs

All products are available under:
https://task37.ieabioenergy.com /
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Outline

A Introduction - Flexibility in the context of biogas systems
A Technical aspects of flexible plant operation

A Economics

A Exemplars of flexible operation

A Conclusion
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Demand electricity - different levels

Electricity production and spot prices in Germany in September 2022 = Milk production = Milk cooling = Additional aeration

m Barn lighting W Feeding ™ Manure removal
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Electricity demand of a dairy farm in Summer (Neiber, 2020)
https://energy-charts.info/charts/price_spot_market/

chart.htm?Een&c=DE&interval=month&legendltems=000001000000&month=09

A Depending on the energy customer required flexibility can have complete different characteristics
A Grid connection or stand alone? Which energy forms under contract have which demand?

A Is on site balancing capacity as storage (gas, electricity, heat) available?



Demand onthe heat site

30 Typical course of heat demand for heating and hot water supply of buildings
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Development of main heat utilization in Germany for 2010-2017 (Daniel-Gromke et al., 2019a) Typical heat demand for heating and hot water supply of buildings with mixed

residential and industrial use (Jan Liebetrau, Rytec, own data 2020)

A Heat follows seasonalfluctuations , depending on the type of heat use
A Heat dominated CHPoperation is done in Germany occassionally



Demand onfuel supply ofleet supply

Only relevant in case of stand alone fuel station
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Aggregated fuel demand function for a truck fleet and an agricultural business. (Gogkoz et al., 2020)

A Only with fleets somewhat predictable

A Stand alone fuel station hasto be developed.
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eSS

A Flexibility results in reduced capacity utilization or overcapacity is necessary

Technical options for flexibility on site

A This results in higher technical effort and costs, which have to be balanced by
the benefits

e p

A Increase of CHP capacity (and grid access) n@ Agricultural biogas plant
- in case of constant annual energy output

Increase of gas storage capacity

Control of biogas production rate

(controlled feeding,

storage of intermediates)
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eSS

Quality of flexibility o control aspects
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Example of peak load operation

Peak load operation of a biogas unit - example

€ /MWh

Monday Tuesday Wednesday Thursday Friday Saturday Sunday kw
60,00

1600

6,58 1400
1200
40,00
1000
000 V0N 800
20,00 500
400
10,00
200
0,00 | _ ‘ , ‘ | . ‘ . ‘ ‘ ' 00

Time 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18

NV~ Price at EPEX Spot Feed-in

Source: https://www.nextkraftwerke.com/downloaecenter?category=3&page=4 9



CHPoperation on flexible plants
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Preheating of cooling water and oil (min. 60 AC);

Optimized starter and starting procedure of the CHP;

Recirculation of air in air conditioning;

Electric oil pressure build up prior to the starting procedure;
Constructive condensation traps;

Stainless steel finish at weak points due to sulphuric acid in condensate;
Remote monitoring and control options for the CHP 17 PLC;

Changing requirements for biogas quality (sulphur content, temperature, moisture).
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CHPoperation on flexible plants

Electric efficiency and part load operation
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Efficiency 33.7% 31.6% 31.3 % 29.5 % 27.4 %

electric efficiency (%)

100% 80% 60%
o, i . L
Load (% capacity) Part load and methane slippage (Lichti et al., 2018)
=—75 kW Gas engine =#=203 kW Gas engine =l=250 kW Gas engine =4=360 kW Gas engine =@-265 kW pilot injection

Part load operation and efficiency of selected biogas CHPs (Tappen et al. 2017)

A Increasing capacity of CHP capacity has higher electric efficiency - one large engine is more efficient
than two smaller engines combined
A On/off better than part load
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- T, o
Flexible operation dgas management

A Gas storage balances deviation between gas production rate and gas utilization rate
A Gas storage capacity is limited

Potential measures to improve gas management (Reinelt et al. 2019):

A Installation of additional gas storage capacity;
A Sensors for precise filling level evaluation;

A Installation of a gas management (transportation) system between the gas domes
via a controllable blower for inflation air;

Dimensions of gas transportation lines;

Dimensions of gas treatment devices (e.g. gas dryers).

T > I

us:
Feeding management can alter gas production rate to provide gas when needed
Model based control gives information on gas production rate of substrate mixes

To I
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Controlled biogas production

45%
Less gas storage
capacity

Forwardlooking process
management according to a
given schedule of energy demand

Gasproduction/gas utilization
(m3h)

Component design needs to be
adjusted to variable energy
provision,flexibilisationcan have
an impact on all components of
processing

Gasstoragefilling level (m3)

Tlme (d) Mauky et. Al, 2016: Modepredictive control for demanddriven biogasproductionin full scale, Chem. EngTechnol 2016, 39, No4



