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Combined storage of natural gas and potential (electrical) energy in
compensated caverns.
by Eke Verschuur, Shell Research

Shell has developed a compensated cavern system for the combined storage

of natural gas and potential (electrical) energy. The Dutch utility (SEP)
is seriously considering to build a demonstration unit which can deliver
1700 MWh, per day at a rated output of 110 MW.

The concept could potentially deliver 100 million sm? of natural gas per
day to the grid simultaneously with the electrical power. Re—charging with
gas and electricity occurs overnight. The demonstration phase will focus on
the electricity storage only.

To store potential energy brine 1s displaced, with 220 bar gas, from the
lower (~1600m) cavern (500.000 m ) into the upper (-600m) cavern

(1.000,000 m3).

The working gas is stored in the upper cavern at 130 bar when the system is
discharged. The gas is transferred by a piston engine which will be derived
from the World’s largest diesel engine SULZER's RTA 84.

The system operates under (almost) adiabatic conditions and has a high
efficiency (80%). Instead of natural gas inertized air (8% 0y) can be used.
The paper will focus on the design, thermodynamical and geomechanical
aspects of the underground works.

A particular feature of the design is the conceptual horizontally leached
tunnel (6 m diam., length 250 m) to connect the vertical brine shafts.

The actual construction of this tunnel is in essence the only part to be
demonstrated.

A decision how to build this tunnel has not been made.

We take this opportunity to solicit contributions from participants of the
meeting.



SUCCESS

SHELL UNDERGROUND
COMPEN SATED CAVERN

ENERGY STORAGE SYSTEM

A NOVEL FACILITY FOR THE
SIMULTANEOUS STORAGE OF
POTENTIAL (ELECTRICAL) ENERGY

AND  CHEM|CAL (NATURAL GAS) ENERGY
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RESULT S  EXPERIMENT / CALCULATION
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RESULT S  EXPERIMENT / CALCULATION
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RESULT S EXPERIMENT / CALCULATION
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RESULTS  EXPERIMENT / CALCULATION
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MOST UNUSUAL RESULT :

WITH OUR PROPRIE TARY ADDITIVE

OIL CouLD BE MADE To WET
THE SALT WALL '




STORAGE RELATED cosTs, NLG:. (o

CONV. PUMPED Success , 2 GWh
HYporO, 20 GWh PRoTe TYPE
RESERVOIR S 400 31+ O
SHAFTS /TUNNELS 2 00 5 + 5
GAS INVENTORY : N.A. 22 -
- MATURAL GAS
- (NERTIZED AIR - S5
. ToTAL 600 58 + (O

NLG /LW h 30 29 = 5



PoweR RELATED cosTs, NLG /kW (NLG . (a‘)

CONV. PUMPED SUCCESS

HYDRO, (800 MW proTOTYPE, llOoNW
SITE PREPARATION ~ 200 70 (8 )
ELECTRICAL FACILITIES 330 330 (36 )
POwWER ENGINE N 270 220 (24 )
FLUID TRANSFER TUBING A~ 400 240 (26 )

ToTAL 2 1200 Ko ( 94 )



ROUNDTRIP LOSSES, % OF INPUT

CoNV. PUMPED SUCCESS fuccEsS
HYDRO STATE . OF - ART 204D FORTHER
PRoTOoTYPE oeTiMm2ep ONIT
MOTOR /G ENE RATOR 2.0 2.0 20 * IS
ENGINE MoVING PARTS 2.0 8.0 50 =~ 3.0
ENGINE  FLUID - lo
FLow LOSS 17.© 4.3 2.5 = |
TRANSFER TuBING .o 5.0 50 — |LO
FLUID FLow L.OSS '
NON - ADIABATIC NA. 0.5 0.5

UNDERGROUND HEAT LOSS
ToTAL 272 20 15 = 7

ROUNDTRIP EFFICIENCY 78 80 85 + 935
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GENERATING COSTS
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GENERATING COSTS
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CONCLUSIONS

1~ SUCCESS | 0ESIGNED FOR STORAGE
OF ENERGY, TURNS-OUT To BE A
HIGHLY CompeTiTivE INTERMEDIATE
POWER GENERATION UNIT BECAUSE

MUCH CHEAPER FUELS LIKE CoAL AND
URANIUM ARE UsEp raTHER THAN N.G.

2 IN ADDITION |IT PROVIDES StoracE For -
- OFF . PEAK ELECTRICITY
~ PowEr gpom FLOCTUVATING SOURCES
LIKE WiND waTER , SOLAR ETC
T NATORAL GAS For PEAK DEMAWD oW
EXTREMELY coLD WINTEp DAYS .

3  IN ADITION THE “loLe Hour's (‘—IOOO/Y)
OF THE POWER ENGINE CAN BE USED

FOR compresSion OF NATORAL GAS
INTO  WORKED -0UT GAS RE SER VOIRS

OR AQUIFIERS FOR SEASONAL STORAGE.



