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Project Summary

Timeline:
Start date: 10/1/2017
Planned end date: 9/30/2019
Key Milestones
1. Lab test of a small-scale prototype: Sep. 2018

2. Numerical models for evaluating long-term
performance: Apr. 2019

3. Performance and cost analysis: Sep. 2019

Budget:

Total Project $ to Date: $384K
 DOE: $384K
* Cost Share: NA

Total Project $: $510K
« DOE: $510K (planned)
 Cost Share: NA

Key Partners:

|'.||NSOL<:ORP

I'HE UNIVERSITY OF

TENNESSEE

KNOXVILLE

Project Outcome:

An innovative and cost-effective ground
heat exchanger with the potential to
make highly energy efficient ground
source heat pump (GSHP) systems
affordable to millions of US homes,
which can significantly reduce energy
consumption and associated
greenhouse emissions in our nation.
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Team

« Xiaobing Liu: PI, prototype design, modeling, and lab tests. 19 years experience
in ground source heat pump related R&D and applications.

* Mingkan Zhang: Model development. 16 years experience in numerical
modeling of heat transfer and fluid dynamics.

» Kaushik Biswas: Characterization and integration of phase change materials
(PCMs).

* Joseph Warner: Model development and lab tests.

« Tony Gehl and Jerry Atchley: Experimental instrument setup, data acquisition.
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Challenge: Make GSHPs More Cost Effective

* GSHPs can efficiently heat and cool buildings, but the high cost of ground heat
exchangers (GHES) prevents wider adoption

* Drilling contributes most (~70%) to GHE cost (~$3K/cooling ton)

* Previous R&D focused on improving borehole heat transfer, which resulted in limited
cost reduction
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The value of GSHPs could be increased if they could reduce and shift the electric
demands of buildings with built-in thermal energy storage capability
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Approach

Next-Generation GHE: Underground Thermal Battery (UTB)
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Approach (Continued)

FY18

Modeling

Designed and built a
small-scale UTB

Identified and
characterized PCMs

Performance and cost analysis

Created a 3D model
for UTB

Tested the small- validated the 3-D gg{cvgaerneﬂ?gg‘%mance
scale UTB at model vertical bore ground Develop cost effective
controlled conditions | Created and heat exchanger procedures for
validated a 1D model | (VBGHE) assembling and
for long-term Conducted a parametric installing full-scale UTB

performance analysis | study Identify test site and

Perform cost analysis | install a full-scale UTB

Design a full-scale UTB | Monitor and analyze
performance
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Progress: Designed and Built a Prototype UTB
Differential ® @ . Thermocouple Tree

Heater  pressure Sensor

Rotameter

Rotameter . _

.- Heater/Cooler

PCM Pump

'» Heat Flux
] / Sensors

T - Thermocouple
P — Pressure Transmitter
W - Wattmeter

Experimental
apparatus

A small-scale prototype UTB: 4 ft
(1.2 m) tall with 8 in. (0.2 m) diameter
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Progress: Lab Test Results

48
g 44
2 10 Basket heat exchanger « UTB performs much better
>
S 36 pu than alternative compact GHE
£ 30 UTB without PCM \  PCM (9% of tank volume) has
.,G_'.) — .
5 28 —— moderate impact
224 e — /
220 UTB with PCM
® 16
g 0 60 120 180 240 36 Heat rejection
Time elapsed (min) 24 Recovery
O 32
*g 30
% 28
« Stable UTB performance -
under moderate loading ==
Condltlons 9/‘?/‘[(909/‘?/‘2(9 9/3/‘2809/3/"?& 9/4/*?&09/?*2& &®I&O&S/Z& 9/6‘/\?&09/6\/1@
‘0p ‘ZQ.OO ‘Op 'Z\D.‘OO “Op 'Z'Q.‘OO “Op 2 0 “Op ‘7-2 0
T_HX _OUT_Avg = = = Avg Tank Water Temp. —8— Avg Sand Temp. (#4)

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Progress: 3D Models of UTB and VBGHE

Developed and validated 3D models for both
conventional VBGHE and the UTB
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Progress: Short-Term Performance

UTB outperforms conventional and PCM-enhanced VBGHEs in daily cooling operation
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Progress: 1D Numerical Model of UTB

* Model Development e Validation with 3D model
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Progress: Long-Term Performance
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Progress: Long-Term Performance (Continued)

 Parametric study of key desigh parameters
— Two building load profiles: high (OKC) and moderate (KNX)
— Three ground thermal conductivities
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UTB works better with lower cooling load and higher ground thermal conductivity
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Progress: Long-Term Performance (Continued)

 Parametric study of key desigh parameters
— Configuration of UTB: one tank or two tanks
— Integration with (pre-existing) lawn irrigation system
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Impact

* Reduce GHE cost and enable wider Technical Potential of GSHPs
adoption of GSHPs = More energy Annual Annual Carbon Annual
savings and emission reduction Ene':g”y";aa?gngs R'ir:l'z:z:s E":;f:’ng;’“

* Enable flexible loads through built-in Quad Btu T Billion $
thermal energy storage = Improved 43 2711 38.2
stability and resilience of electric grids 1.3 85.2 11.6

5.6 356.3 49.8

(Source: Liu et al. 2017)
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Stakeholder Engagement (Early-Stage)

* Introduce UTB to industry through
publications (e.g., an article in the
IEA HPT magazine)

 Develop a proposal to
demonstrate UTB at a facility of
US Department of Defense

* Engage with industry partners to
improve UTB cost effectiveness
— Hybridize with radiative cooling
— Apply new low-cost PCMs

{8) Bio-based PCM (b) Bio-based composite PCM
Low-cost bio-based PCM

(Source: Jeong et al., Int. Journal of Heat and Mass Transfer, 2014)
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Remaining Project Work

 Improve 1D model (FY19)
— Account for seasonal variation of soil temperature in the shallow subsurface

 Conduct lab tests to characterize performance of small-scale UTB (FY19)
— Characterize UTB performance in heating application
— Evaluate impacts of improved integration of PCM

 Perform cost analysis and improve UTB design to reduce cost (FY19)

* Publish results (FY19)

— Three papers submitted to various journals

« A 3D Numerical Investigation of a Novel Shallow Bore Ground Heat Exchanger Integrated with
Phase Change Material

* A Numerical Investigation of the Long-term Performance of a Novel Shallow Bore Ground Heat
Exchanger for Residential Ground Source Heat Pump Applications

* Development of an Underground Thermal Battery for Enabling Ground Source Heat Pump
Applications and Shaping Electric Demand of Buildings

— Final ORNL report
 Develop a full-scale UTB and procedures for installation (planned for FY20)
* Field test the full-scale UTB (planned for FY20)
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Thank You

Oak Ridge National Laboratory
Xiaobing Liu, PhD
liux2@ornl.gov
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REFERENCE SLIDES
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Project Budget

Project Budget: DOE $302K in FY18; DOE $208K in FY19

Variances: None
Cost to Date: Spent $346K (68% of project budget) by March 2019

Additional Funding: None

Budget Histor

Oct. 1 - FY 2018 FY 2019 (current) FY 2020 -
(past) (planned)
DOE Cost-share DOE Cost-share DOE Cost-share

$302K o) $208K o) o) o)
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Project Plan and Schedule

Project Schedule

Project Start: 10/1/2017 Completed Work
Projected End: 9/30/2019 Active Task (in progress work)
€@ |Milestone/Deliverable (Originally Planned)
@ |[Milestone/Deliverable (Actual)
FY2018 FY2019 FY2020
szl lslsl=slslsls =] |s
Task S| |22 |8 |8|2|2|8|&8 |2 |3
59|83 (3|98 |53 |9 |8 |3

FY18 Q1 Milestone: Concept design of UTB
FY18 Q2 Milestone: CFD model of UTB
FY18 Q3 Milestone: Short-term performance
evaluation through CFD simulations and lab-tests
FY18 Q4 Milestone: Design of a full-scale prototype
FY19 Q1 Milestone: Characterization of new PCMs
FY19 Q2 Milestone: Long-term performance of UTB
Current/Future Work

FY19 Q3 Milestone: Performance of a lab-scale
prototype UTB integrated with improved PCMs
FY19 Q4 Milestone: Final report
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