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«Considering solar forecast in off-grid storage-less
hybrid (PV + Diesel) energy system simulation by using
Oemof»

Fugiang Zhuang, PhD
SPIE Industrie

oemof
. open energy modelling framework
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General introduction

« Difficulty in fuel supply

* According to Life Cycle Assessment
(LCA) study [1], [2]
* Diesel : 700 - 800 gCO,eq/kWh
« PV:20 -40gC0,eq/kWh

x 27 gensets, 2=

Genser

60 MW in total

PV
Gaenaon 24 MIW,, in total,
~ 50% PV penetration

For our case study, 9% PV energy share compared to demand, we reduce at least 71 t CO, emission per day !
Which is equal to the average daily CO,eq emission of 3700 EU citizens !

Figure source : modified from www.th-energy.net; [1] : (R. Besseau, 2019); [2]: ADEME « Incer-ACV » project
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Major challenges

— The variability of the energy demand.

Global Horizontal Irradiance
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— The potential failure of different components of energy production system.

Climatological variability
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Solutions for mitigating variability

* #1:Installing an energy storage system,

— Battery energy storage system,

— Pumped-storage hydroelectricity station, %
— Flywheel energy storage system,

— Compressed air energy storage system,

Battery Hydroelectricity

Drawbacks

— High investment cost,

— Raw materials needs,

— Environmental impact,

— Geographical condition requirement, (e.g. difference in height)

Figure Hydroelectricity source : https://theconversation.com 4
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Solutions for mitigating variability

* #2:Dedicated designed Power Management System (PMS) with smart generators dispatching
and spinning reserve sizing by using solar forecasting.

Objective
function
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Solutions for mitigating variability

* Using probabilistic solar forecasting for generators dispatching and sEinninﬁ reserve sizing.

1.0° — clear-sky Power Genset slow down

=== Solar forecast i
ww PV measurement PV curtailment

"~ ——— Percentile PO

Diesel generator
reserved capacity

SR- %,
'bc_ ) The nominal power
SR+

o
o

o
o

Actual power
Genset speed up output

SR

o
=

Load shedding

o
(N

Normalized PV production

o
o

| | | | | | | RMSE = \/% YN —1)?
05 06 07 08 09 10 11

Time (h) Where | is the predicted value of irradiance and T is the measured reference value.
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Cost calculation model

 What would be the best practical metrics to assess HES performance ?

o - Solar forecastin Econom
Criteria Stability & y
performance performance

* Genset cost
[XICAPEX — Capital Expenditure (investment cost)
MOPEX — Operational Expenditure

- Operation and Maintenance cost, Marginal (fuel) cost
* PV system cost i
MLevelized cost of PV energy (LCOE)

- Conventional cost at 0.04S/kWh .
GeneraTor

* System imbalance penalty cost
MCost of energy excess -> PV curtailment
MCost of energy shortage -> Load shedding

Figure source : modified from www.th-energy.net
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HES simulation framework

1) PV and demand 1) PV and residual load forecasting
forecast

60MW -

Energy demand: C

SOMWW
2) Genset dispatching

according to forecast 40MW
30MW-
20MW -
3) Predicted genset
planning evaluation LoMw:
OM¥¥:00

10-May
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HES simulation framework

mmms Energy demand Hll Diesel Generator 4 Bl Energy dificit
Hll Diesel Generator 1 Hll Diesel Generator 5 Planned energy excess
Hll Diesel Generator 2 HEl Diesel Generator 6 M Spinning reserve
1) PV and demand Hll Diesel Generator 3 PV forecast
forecast
6OMW- Energy demand: C
50MW-
40MW.- ! ! ! ! P
PV forecast: PV
u 30MW | | L
20MW+
Residual demand planning :
LOMWI DG = C-PV +¢
OM§Y.00
10-May
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1) PV and demand
forecast

2) Genset dispatching

according to forecast

3) Predicted genset
planning evaluation

HES si lati f k I
s Energy demand Bl Diesel Generator 4 Bl Negative SR
Diesel Generator 1 Bl Diesel Generator 5 PV curtailment
[ Diesel Generator 2 Bl Diesel Generator 6 Hll Positive spinning reserve
I Diesel Generator 3 | Effective PV production Bl load shedding
MW - e
60 Energy demand: C
50MW-

40MW+

PV forecast: PV

30MW-

20MW -

Diesel genset planning :
10MW- DG =C-PV +¢

OM¥%:00
10-May

'03:00  06:00  09:00  12:00  15:00  18:00  21:00

10
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1) PV and demand
forecast

2) Genset dispatching

according to forecast

3) Predicted genset
planning evaluation

HES simulation framework

SPlE

s Energy demand Bl Diesel Generator 4 Bl Negative SR
Diesel Generator 1 Bl Diesel Generator 5 PV curtailment
[ Diesel Generator 2 Bl Diesel Generator 6 Hll Positive spinning reserve

I Diesel Generator 3 | Effective PV production Bl load shedding

60MW - Actual energy demand: C

50MW-

o 4 Tl —\J

Actual PV prod: PV

40MW/

30MW

20MW

Actual genset production:

10MW DG= C—PV + ¢

OM§b.00
10-May

'03:00  06:00  09:00  12:00  15:00  18:00  21:00

11
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1) PV and demand
forecast

2) Genset dispatching

according to forecast

3) Predicted genset
planning evaluation

s Energy demand B Diesel Generator 4 Bl Negative SR
" Diesel Generator 1 Il Diesel Generator 5 PV curtailment
[ Diesel Generator 2 Bl Diesel Generator 6 Hl Positive spinning reserve
I Diesel Generator 3 [ Effective PV production Bl load shedding
>2MW-1 Energy shortage Energy excess
SOMW- |
4TMW - | i | | |
45M
42 MW
40MW+
37MW 1
35MWH
32MWo6:00 08:00 10:00 12:00 14:00 16:00 18:00

12
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Thank you for your attention
Any questions ?

Fugiang Zhuang, PhD
fugiang.zhuang@spie.com
SPIE Industrie



