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ACTI VI TI ES
The thermal energy storage (TES) technol ogy devel opnent program at PNNL
consisted of the followi ng activities during the two decades of its existence:

. Seasonal thernal energy storage (STES) activities involved storing
thermal energy w thin underground aquifers for future use in heating and
cool i ng bui | di ngs.

. Wility thernal energy storage (UTES) activities: feasibility assessnent
studies of integrating TES technol ogies with power generation
t echnol ogi es to enhance the deliverable plant capacities and inprove
overal | efficiency.

. Assessment of various cooling technologies (with and without storage) to
i ncorporate w th base-|oaded gas turbine plants for capacity
enhancenents during hot and hum d seasons.

. Diurnal thermal energy storage technol ogy devel opnent using hi gh heat -
capacity building materials for passive solar heating of buildings,
anmmoni ated salts for chill storage applications, etc.

H GHLI GHTS

The following bullets highlight the acconplishments of the TES program at
PNNL:

. Tests done at the University of Mnnesota Field Test Facility clearly
denonstrated that high-tenperature STES in an aquifer, or an aquifer
thermal energy storage (ATES) systemis a feasible storage technol ogy
and can be successfully interfaced wi th existing space-conditioning
systens in buildings. A simlar denonstration of a chilled water
storage systemat the University of Al abama using an aquifer showed a
two-fold increase in the systemcoefficient of performance for cooling a
canpus bui | di ng.

. Cogeneration with TES - Natural -gas-fired conbustion turbine
t echnol ogi es, including cogeneration and conbi ned-cycl e power plants,
are becom ng the power generating options of choice because of their
flexibility, relatively |low capital cost, reduced environmental inpact,
and increasing thermal efficiency. TES for utility-scale applications
conprises a range of technol ogies that can further inprove the
efficiency, flexibility, and econom cs of the gas turbine options. The
cost of dispatchabl e power produced by the conbi ned TES/ cogeneration
system desi gned to serve a constant process steamload is found to be
60%to 75% of the cost of producing power in a gas turbine plant, and
65%to 86% of the cost of produci ng power in a conbi ned-cycle plant.

. Gas turbine inlet air cooling - The degradation of gas turbine



generating capacity during periods of high anbient tenperature can be a
significant problem especially for industrial plants and sunmmer- peaki ng
utilities. As the anbient air tenperature increases, the density of the
inlet air, the generating capacity, and the efficiency of the gas
turbine all decrease. A review of the data on existing gas turbine
instal | ati ons shows that the summer capacity of a typical gas turbine is
between 15 and 25% 1 ower than the winter capacity of the same gas
turbine. Traditionally, evaporative cooling has been used to increase
the generating capacity of flowthrough devices, such as gas turbines,
by cooling the incomng air and, thereby, increasing its density.
However, it can only reduce the tenperature of the inlet air to the
prevailing wet-bulb tenperature level. Further reductions in inlet air
tenperature will require additional cooling. The chill storage systens
assessed as a part of this study were nmainly used to cool the inlet air
to 42°F and O°F (5.6°C and -17.8°C).

H gh heat capacity building materials were devel oped as a part of this
programat the Cak R dge Nati onal Laboratory, which incorporated the use
of phase-change materials (PCMs) into conventional building materials to
enhance the energy storage capacity through the |atent heat of the PCM
The application was in the passive solar heating of a building (hence
being able to shift its electrical |oad), where the PCMwal | board woul d
all ow solar energy to supply a larger fraction of building heating than
is otherwi se practical. The PCM considered was a mxture of paraffins
with n-octadecane as the primary ingredient, which has a nelting point
of 73°F (22.8°Q).

APPLICATIONS OF THE TECHNOLOGY
The following bullets highlight the subsequent applications of the technol ogies devel oped as a part of the
TES program:

As a result of the ATES activity, the aquifer storage and retrieval
(ASR) is being evaluated and enpl oyed to provide nore reliable water
supplies in communities where significant variability in water
availability exists. Many of the |l essons learned in the ATES program
wi Il be useful in designing inproved ASR systens. Because of the co-

| ocation and co-ownership of ASR facilities with major energy consum ng
elements of the water infrastructure (e.g., waste water treatnent
facilities), the thermal potential of ASRis likely to be devel oped
also. In addition, as part of the ATES program the standard
geochem cal dat abases (notably carbonate chem stry) were inproved. This
included a sinple analytic tool that can be used to assess the optinal
capacity and treatment method required to prevent carbonate scaling in
heat exchangers.

Anot her naj or of fshoot of the ATES programis the CFEST - The Coupl ed
Fluid Energy and Sol ute Transport conputer nodel devel oped by PNNL. The
code has been included in internati onal code conparison activities and
has been applied to many anal yses including those related to nucl ear
waste repository prograns and hazardous waste sinulations. The code was
later nodified and comercially sold by Battelle to a Japanese
engineering firmto study groundwater problens in Japan. The code has
subsequently been further inproved and is currently being marketed



comercially. CFEST is one of the codes being considered as a possible
site-w de groundwater nodel for the Hanford Site.

A nodel devel oped at PNNL as part of the gas turbine inlet air cooling
activity can size, sinulate hourly performance, and estimate the cost
and econom cs (including a net present val ue analysis of the

i nvestnents) of cooling systemconponents for inlet air cooling
applications. This nodel can al so be used to assess the benefits of
installing the inlet air cooling systens both in existing and new gas
turbine plants. A prelimnary screening of the avail abl e technol ogi es
shows that the 20%i ncrease in gas turbine capacity can be obtai ned at
an average cost of $150/ kWe. This represents a 65%reduction in the cost
of adding peak capacity by installing new gas turbines at an estimated
cost of $380/ k\We.






