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. KIER Introduction

History

* Korea Institute of Energy Research (KIER)
Over-40-years Research Experience on Energy Tech.

(©) Korea Institute of
Energy Conservation Korea Energy

established

fhrsramnty,

| ©) The Solar Energy
Research Institute
established

(©) Renamed

Research
Institute (KERI)

.erd using | !

‘_‘ KIER energy technology

Take off§

) D) stage

Nov. 1991 | Pec.2000

(©) KERI and Korea ©) KIER Separated (©KIER's affiliation

institute of into Korea changed to Mi-
Geoscience and Institute of .~ nistry of Knowl-
Mineral Energy ﬁ edge Economy
Resources(KIGAM) Research(KIER) in Mar.2008
merged to Korea and KIGAM

Institute of Energy

and Resources(KIER)

July 2017

(©) KIER's affiliation
changed to
Ministry of
Science and
ICT(MSIT)

" * =9 Energy Economic Policy Division

ot (Research branch in Seoul, Nov.1979)

A S
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RESEARCH. ALL RIGHTS RESERVED.

Korea Energy Economics Institute
(Independent institute, Sep.1986)

KIER m—
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KIERVISION

Toward a content and prosperous society,
led by KIER energy technology

Management Goal

Creating new value and market
through convergence andoriginality
- based energy technology

Strategies

i

w

Achieving technology Improving research productivity Strengthening parlnership for shared

4 o competitiveness as a high global through performance-based growth with small and midium sized
\}* standing reserarch institute managment enterprises

— SMEs Cooperation Team

/

b
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Il Personnel & Budget

O Personnel

350
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O Budget
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150
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50
0

-

ier World using R
KIER energy technology

(As of January 2018)

Research Scientist
and Engineer

372 (86.9%)

Administraion Staff
58 (13.1%)
(As of January 2018, unit : million won)

Contribution

77,490

Revenue from
R&D Contract

73,510

(42.89%) (

171°531
$160 M

20,531
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Organization (Mar. 2019)

President

Organizational Culture
Office

Newand

Renewable
Energy Institute

Jeju Global Research
Center

Energy Efficiency
Technologiesand
Materials Sciencey

Audit Division

Anti-corruption and
Integrity Team

® Main R&D Departments: 1 institute, 2 divisions

Photovoltaic Laboratory Solar Thermal Convergence

Laboratory
- Ulsan Advanced Energy Technology

R&D Center - New and Renewable Energy Resource

& Policy Center

Climate Change
Research Division

Business Development
and Cooperation Division

Fuel Cell Laboratory Hydrogen Laboratory
- Buan Fuel Cell Center
Energy Saving Energy ICT-ESS Thermal Energy System
Laboratory Laboratory Laboratory
Energy Network Separation and Energy Materials
Laboratory Conversion Materials Laboratory
Laboratory
Greenhouse Gas Clean Fuel Laboratory =~ Biomass and Wastes to
Research Laboratory Energy Laboratory
- Gwangju Bio/Energy R&D
Center

Business Development SMEscoomrahon
Team . .
- Biz. Incubation Center,

Platform Technology
Laboratory

KIER energy technology

R&D Strategy R&D Planning Team  Global Strategy
Division Team
- Climate Technology
Stategy Center
Planning and Integration Planning Office Budget Project
Division Management Office  Management Office

Administrative Support  Human Resources = General Affairsand ~ Procurement and
Division Office Accounting Office Asset Office

KIER Overseas Branch

FEP Convergence Research Center

R&D Center for Reduction of Non-CO2
Greenhouse Gases

Center for Environmentally Friendly Vehicle
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Energy Saving Technologies Laboratory

o Research for achieving the national energy saving goal through
energy demand/supply management and energy saving technology development
in the field of building, transportation, industry

> High efficiency complex drying system and heat recovery system, Alkali metal
thermal to electric conversion, Ultra-fine particles electro-spray wet process, etc.

Energy ICT-ESS Laboratory

o Research for improving an energy supply/demand/transfer efficiency based on ICT
convergence technology and conduct a research on energy mtegrahon management and
operation for improving energy reliability : e

° ICT convergence energy optimization and energy saving, -
o o . 0 . . - —& |
distributed power generation, micro-grid and smart-grid, T
intelligent energy harvesting future technology, etc. '

CELECTPel) oo

Thermal Energy Systems Laboratory

o Research on efficient conversion technologies of heat-heat/heat-electricity/
electricity-heat, and thermal energy utilization system induding fossil and synthetic fuel
combustion with an aim for efficient using high/low temperature thermal energy

> Future power generation, oxy-fuel combustion application,
heat-pump application, excess enthalpy combustion, etc.

COPYRIGHT(C) 2012 ALL RIGHTS RESERVED HB_
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Energy Efficiency Technologies e <o
and Materials Science Division

COPYRIGHT(C) 2012

ALL RIGHTS RESERVED

Energy Network Laboratory

o Research for improving an energy utilization efficiency and reduce the greenhouse gas
emission by realizing the optimal energy management system in physicalAvirtual
energy network unit

° Smart energy network, development and performance evaluation
of the cogeneration plant,
high efficency and low emission boiler system, etc.

Separation and Conversion Materials Laboratory

o Research on developing a materials technology overcoming limitations in order for

improving market-oriented materials technology and next generation energy sector
(needed for industry)

o Materials based on nano such as solar PV, thermoelectricity and secondary battery, etc.

and separation materials based on various gas membrane for maximizing an industry
efficency

Energy Materials Laboratory

o Research on various cross-cutting technologies and convergence research on energy
technologies such as AMTEC, SOFC/PEMFC, SOEC, carbon composites for high-
temperature application and catalyst/adsorbents using a metal organic hybrid material

° Vision to become a global leader in materials and components commerdialization with

high efficiency and performance based upon energy/environmental technology (ET)
and nanotechnology (NT)

KIER m==
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Topic — Thermal Energy Efficiency

[ KIER ] Main R&D System
_ Power Generation, Heat Pump, Combustor
[ Energy Efficiency Technologies ]

and Maternials Science

VISION Thermal Energy Systems Design
Thermal Energy Systems 228 for Highly Efficient Energy Society
Energy ICT &ESS |
Fnergy Saving Technologie$ | |

E N rk .

roy e High Thermal

Separation and Conversion Materigls Efficien cy Energy
: System Network
Energy Materials

El Low T. Network m High T. Network m Monitoring

- District heating 4.0 - Industrial application - Energy usage
- Space heating - High temperature monitoring and

/ Hot water heat pump management
‘ - Sea water, Solar Thermal ‘ - Process waste heat ‘ - Big data, loT, etc

-10-
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Low Temperature Thermal Network

« Energy efficiency improvement by thermal network
- Connecting unused low T. heat/energy to demand
- Key components : Heat pump and thermal energy storage

Schematics

[Demand]

Residential/Commercial { Commercial ]

Building

lowT]  Thermal Station /7
Middle temp.
thermal Residential
Geothermal “lorage [ house ]
/solar source e|;|,§:iton
Low Supply
temperature water Apartment ]
heat pumps return

Other low
exergy heat
sources

Low temp. Heat source for residential/
g:z:g:z /?[ Apartment] commercial thermal station
- Distributed heat source supply
- Geothermal/solar heat
- Urban low exergy heat sources :

——>» Heating water City water, apartment sewage
water, underground water

* Low temperature thermal network |
- Minimization of combustive heat production facilities > Cooling water

- Short-distance network using heat pump systems Supply water return

-12-
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Heat Pump for Energy Saving

Decarbonising the power sector -
a new age of electrification?

IEA Energy Technology Prospect for Building

50 -
Energy 2010 : . e
o r Solar
4 -
. H o Wind
« Vision on 3-core technologies for Building Energy i | s
SECtOI' 30 4 B = Biomass and waste
25 | | o Hydro
« Each BLUE prospects building energy will be . " Nuclear
1 W Natural gas+CCS
supported mainly by Heat Pump, Solar Thermal and 15 |  Noturalgas
m Oil
CH P 10 W Coal+CCs
57 M Coal
0 )
- 2007  Baseline 2050 BLUEMap  BLUE High BLUE HighRen
25+ 3 2050 Nuclear2050 2050
— P Il CHP water heating CHP
20+ ;. i - I CHP space heating
g : l Solar thermal water heating
1545 . e — Solar thermal
S 14 I Solar thermal space heating
O
O 10 4 Heat pumps water heating
" BLUEsolar ' BLUEheat ' BLUE CHP B Heat pumps space heating Heat Pump
2050  pumps 2050 2050 [l Heat pumps cooling
0.5+
0.0
2010 2015 2030 2050

Note: Excludes the impact of improved building shells on reducing heating and cooling loads.

-13-
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Heat Pump for Energy Saving

o=tk L e raeld
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* Heat Pump Mechanism : Recovering energy from Low T. source and Transferring to High T.
— Expected more than 30% energy saving compared to fuel combustion

rewayL

m
>
®
=
«Q
<

Boiler
@ (95% Thermal

Efficiency)

Thermal

Energy

Heat Pump
(COP,, = 3.0)

rimary

Electricity

P
Energy

Combined
cycle plant

Nuclear
/Renewable @
power

Primar Primary Secondary CO,
Heating Type Bl y conversion conversion emission
9y efficiency efficiency (%)
Combustion @ Gas-fired boiler 105 N/A 0.95 (thermal) 100
Based Qil-fired boiler 125 N/A 0.8 (thermal) 119
Combined Heat and Power 0.32 (power)
+ Heat Pump 66 0.55 (thermal) 3.0 (COPy) SELL
@ Combined cycle
60 0.56 (power 3.0 (COP 56.7
Heat Pump power plant (P ) ( H)
Based ® Nuclear/Renewable
energy power plant 0 N/A 3.0 (COPy) g

* All the primary energy was calculated based on the supplying thermal energy to be 100 as shown above diagram.

-—p Best case : Active renewable thermal energy + Heat Pump

-14 -
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District Heating Trend

Energy efficiency / temperature level

1G: STEAM

DH flow

DH return

Energy
efficiency

District heating grid

Steam-
storage

s

Coal
Waste

Steam system, steam pipes

in concrete ducts

<200°C

Heat-
storage

CHP coal
CHP oil

Coal
Waste

Local District Heating

T

2G: IN SITU

3

Pressurised hot-water system

Heavy equipment

Large “build on site” stations

Large
scale solar

Biomass
CHP Biomass

Industry
surplus

Heat-
storage

CHP waste,
CHP oil,
CHP coal

Gas waste,
ﬁ Qil, Coal

District Heating

Fl

W—|

oth

e
Ay
by

G: PREFABRICATED

Pre-insulated pipes
Industrialised compact

substations (also with insulation|

Metering and monitoring

=45°C

Data center

Seasonal
heat storage

Large
scale solar

Geothermal

PV, Wave

wind surplus, <

Electricity

Heat-
storage

Industry
surplus

&

District Heating

CHP waste

4G: 4th GENERATION

Low energy demands
Smart energy (optimum
interaction of energy
sources, distribution
and consumption)
2-way DH

50-60°C (70°C)
— (ULTDH <50°C)

District Heating

incineration

o=l B R Bt
\mm—  KOREA INSTITUTE OF ENERGY RESERRCH

- Decreasing

supply T.
to reduce loss

~250c
Future
energy
— source
e
— conversion B
5
2-way o
gist?ct §
eatin
e E-Q-SU%Ermarket o
o
1 g
Sy |
T iomass
AY/
\\{ Cold-
Centralised storage
district
‘&M
!%(I EenttraliSed - Large Scale
eat pump
heat pump
Also (ngh Eﬁ)
- sy
i/ 0

Development

S

1G /1880-1930

2G /1930-1980

3

-15-

G /1980-2020

-
4G/ 2020-2050

(District Heating generation) /
Period of best
available technology
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Space Heating and Hot Water with DH

« 4t Generation District Heating vs. Local Higher Temperature Demand
= * Thermal Energy Network needs heat pumps in both supply and user side

3
5J|J

lis

Thermal Energy Network for Space Heating and Hot water

- DECC (Department of Energy and Climate Change, UK) report

[ Existing or new ] « [ Immersion ]
User] waldlngsl heating
[ BIHP }
[ Network ]
Central
[ CHP ] [ Storage }-[ Central HP ] [Supply]
BIHP : Building—integrated Heat Pump Source or unused Energy

CHP : Combined Heat and Power

-16 -

By
gl
14l
grie
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Space Heating and Hot Water with DH

» Case Scenario 1: Large-scale scheme serving a variety of existing non-domestic buildings
- Supply temperature : 80°C

48%
[ Existing non-domestic
327 buildings
171
[ Network  Supply/return: 80/60°C ]
Scenario 1: T l T ¢
High T network,
Central HP [ CHP ] CHP
combined with CHP
[ Central HP J
- Utilization of unused (low T) energy WSHP
through heat pump T l (70°C)

- High efficiency operation of CHP

Heat source: River (10°C) Source

-17 -
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Space Heating and Hot Water with DH

» Case Scenario 4: Small-scale scheme serving a new development consisting of 400 residential
flats ( Supply temperature : 45°C )

New Building Immersion
0%, [ (Small scale) } heating
224 T |
BIHP
v Micro-WSHP
45 J
. [ Network Supply/retum: 45/35°C |
Scenario 4:
Medium T network, T l
Central HP and Central
BIHPs CHP e 4—[ Central HP ]
Storage
- Distribution of temperature lift ‘(Ixssolél;

to both supply and user sides
- Heat pump dominant network

Heat source: River (10°C) Source

-18-
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[Case Study] Energy Saving with Low T. Heat

* Low Temperature Thermal Network Research

- Large-scale heat pump plant / locally optimized heat pump (user-demand)

Sea water heat pump application

- (Might be) The most abundant unused heat source

- Generally large scale application (District heating)

- Free cooling possible during spring and autumn
(Large energy savings)

W N L G A B R eD e SR RS e
2 Water semperstire in deep lake
with i injection ot 10 m depth

heat
exchanger

< System Schematic Diagram >

-19-

Katri Vala Plant (Finland)
Helsinki Energy

22

F GH

Summer operation:

Heating capacity 18,113 kW

B Heating water flow 370 m¥/h
¥l |nlet/outlet temperature 45/88 °C
Will Power absorbed 6,113 kW
& Electric motor 6,500 kW
= Voltage 11 kV

~ Heat source (cooling) capacity 12,000 kW
- District cooling in/out temp. 20/4 °C

- The largest plant in the world to use
heat pumps to produce district heat
and district cooling from both
Sewage Water and Sea Water

- District heat output : 90 MW
District cooing output : 60 MW
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[Case Study] Energy Saving with Low T. Heat

TN L TR
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Southeast False Creek Neighborhood Energy Utility (Vancouver)

- Sewage Water as heat source
. Huge amount
vs. nearly zero applicability
- Heat pump
. Source: sewage water
. Sink: heating and hot water

Heat Pump Installation

BUILDINGS

FALSE CREEK
ENERGY CENTRE Natural gas
Boiler
NER
ANSFER
ATIO
Step Heat pump Heat pump To lona
4 Sewers Sewage
Treatment
l > Water distribution pipes ’ J Plant

Network between Sewage and Heating

-20-
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BENEFITS

- Using waste thermal energy

captured from sewage to provide

space heating and hot water to

buildings in Southeast False Creek
- Reported to eliminate more than

60% of the greenhouse gas

emission associated with heating
buildings

- The utility began operations in
2010 and since then has rapidly
expanded to serve 395,000 m? of
residential, coommercial, and
institutional space.
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KIER's Research Activity

Energy Saving of Sewage Treatment Plant in Daegu Korea

- Network : (Heat source) Sewage Water — (Heat Demand) Cooling/Heating
- Heating COP 3.5 (Sewage 12.8°C), Cooling COP 4.5 (Sewage 23.0°C)

(Before) szalie
- 120RT Chiller
(cooling tower)
- 1 ton Boiler chiller(100RT)
— 2 Goon
return héader [o o oo
|:||-|
supply header  office
boiler(1ton)
(After)

- 100RT 2-stage Screw Heat pumgg-
(cooling & heating)
- Sewage water

flowmeter

/\

Chiller(100RT) flowter

treated sewage water
winter : 10°C
summer : 25°C g thermal storage
Heat Pump
Heating : 437kW
Cooling : 107USRT

-21-
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KIER's Research Activity

Sea water source heat pump for a low-temperature thermal energy network

- Objective of project : Development of CFC/HCFC-free 20 RT SWSHP

- Target performance
Cooling COP in summer season : 4.5, cooling supply : 7°C at sea water of 25°C
Heating COP in winter season : 3.3, heating supply : 50~60°C at sea water of 10°C

- Expected payback period : 5.9 year (with a subsidy from government)

[System Layout]

[KIER JGR(C] Py
Foa

y

{

-

' _MII

Seawater
¥ intake

-22-
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High Temperature Thermal Network ‘

mmm— KOREA INSTITUTE OF ENERGY RESEARCH

* Wider temperature range — more complex layout of heat storages and heat pumps

* Heat sources — Discharges from processes (flue gases, condensates, wastes, etc,) or
Cooling processes

e Combustive energy from biomass/waste fuels to produce high Industrial
temperature supply for industrial thermal station Thermal Station Plant A

- Heat exchange network design
Steam
generator

- Ultra high temperature heat pump
/ . . J
Hi h ....."---.. ’.'00
I J e Plant B

Steam
process

- Waste heat storage
temperature LK

heat pumps Middle temp. High temp
thermal — process !
storage
Low
temperature | Gl
heat pumps
Heat source samples for industrial l
thermal station Plant C
- Heat sources of residential/
commercial thermal station
Other low
- Industrial waste heat Geothermal ———> Middle temp. water
- exergy heat .
- Wastes/biomass fuels /solar source . Low temp. water
- Sewage treatment center SOUFCES
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Heat Demands in Industrial Processes

* Final energy consumption of Korea : Industrial > Transportation > Residential & Commercial
* Heat demands of industrial process : Both cooling and heating demands exist

Temperature Distribution in Industrial Processes

g | 150°C
ki Textiles
B | 1ooc Drying Ethyl Dye Process
2 Aol | 5| Diying
= Purification e
Industrial % Sterilization Laminate
Middle East(81.7%) 61.7% a £ 50°C Moulql— Proa
L EEIE“ E'Po.n’ Paper Drying
- Saudi(28.5%) -/ Fermnentatior
-Kuwait(14.3%) Ei 30°C
-Iran(13.2%) 5 é :
- Residential & -g ‘ | | Factory Central/Stand-alone Air -
Slala. H
Africal25%) Commercial — AT Optical Disc U extie Humiaty
17.1% MaChlnl Mou . Control
Substrate oG lhg i Preservation SNk Temperatul
Transportation | Cleaning | 700G, Rice Coali Control, Offset
18.3% | Gean Room Quenching - Roller Cooling,
. o [3C|  Humidty eaction Glaze Process
Public 3.0% S Control Vessel :
S |y Cooling
g Reaction
Industrial 54.5% -20°C Management
Residential & Low
S 38.8%
Commercial Tem e
Public 6.2% -60rC Brittle Fracture
A i
Domestic Production 6 Transportation 0.6%

Equipment/  Steel/  Ceramics/ Rubber/ Chemicals  Food — Textiles Printing
Machinery Non Ferrous ~ Stone Plastic Products
Metals

-25-
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Thermal Network Plan

* Thermal Network 1 : Matching refrigeration and heating demand to heat pump
» Thermal Network 2 : Re-utilize discharge heat (or energy) to generate process heat

l | =~ ~¢ || Current Heat Flow
Saccharifying Mt Boilng ‘”71: ) ‘ Chiler - Centralized
50~80C Filtration _[@ﬁ;l‘[ v . H
Gomiralapertre 20hy ! , e 50T 50e ot Separated heating and cooling
T 1day 7to9days 1to3Menths
I H o) €D g, Large transport loss
—o— —o—

Fermentation

Steam Boilg,

Draft

!
Beer LJ
b BT _E%Stenhzer ‘—Q
.

Ch:.'!er
eat Storag e ol
""""" Center .

Thermal Energy Network Direction

1) Matching refrigeration and heating demands Lhtte\;makl
elwarl
2) Matching discharge (lower T) Sauharifying AN
d h h T Filtration Fermentation
and processes (higher T) veast 5~10C  5~10T 01T

1da 7108 davs 1 to 3 Months

Thermal
Network
Steam Boiler Bo:.'er """"
‘‘‘‘ Draft | B
eat Storag Beer L §‘| g
Center m
oara [ SR o ()

i0°C. 20min_—{TTITH

— Energy saving
& Utilities optimization

Thermal
Network

'.

.

L

0
.....
LN
LN
'.

Thermal
Network
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Thermal Networking : Refrigeration-Heating

* Food Factory : Large demands of heating and refrigeration for drying, sterilization,
fermentation, etc. > Big potential of energy saving by refrigeration-heating network

Chocolate Factory (Nestlé) Noodle Factory
- Cooling: Process glycol (5°C — 0°C) - Heat Source: 17°C / Heat Sink: 85°C
- Heating: Process water (10°C — 60°C) - Reducing thermal load of existing equipment
- Boiler for 90°C hot water (boiler, refrigerating machine)
- €166,000/year cost saving expected S
Hot Raw Gty e [e5c ]
“;a;'t‘?cr 1 J I_ .| Hot water tank
( ) & ads 24 me
90°C (Stainless steel)
3
2C; D ]
Simultaneous generation heat  Soft Indirect heat

exchanger

pump of cold water / hot water water for food grade

Frozen noodles production

Cold water (10°C)l Wrie: (. aystars)
Existing | [Cooling| | Boiling pool 98°C 83°C
refrigerating || Ppool | [§F R 5 4 Hot water
machine 3°C |

Steam boiler System
( y ) Steam :
|_I n % Hot water
|
Light fuel Hot
SN .~ | water| .
oil boiler (80°Cfan ™| 75°C | Baw
| =] water

| l Water softener
for boiler

Continuous blow down

-27-
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Thermal Networking : Cooling-Heating

Kobelco Report

Application Sample / HVAC
Heat Pump Chiller Delivering H/W and C/W to HVAC

conventional

improved
AHU or Desiccant AHU or Desiccant
Conditioned Air Conditioned D Air
Space Supply Space Supply
45 / 50 dC
65/ 70 dC

12/7dC 12 /7dC

45 / 50 dC
H: | DB 65/70dc |g

BLR WTW Chiller

HEM II R or HR

This system can be applicable to all HVAC system including inverter
technology ... for instance ,

Electronics, Semiconductor, Painting, Printing Process and etc.,
which requires space heating and drying air.

-28-

Case Study 2 : Clean Room in Car Body Painting Process
Energy-Saving Project in Car Industry Factory

improved

car body
painting (—i I:I
booth

treated
air

A 5l
appearance : HEM IT R

appearance : thermal delivery devices

HEM II R
Applying Kobelco Heat Pump to painting process ...

Contribute to reduce
64% of energy cost and 61% of CO, emission.

Case Study 3 : Dry Area in Battery Cell Assembly
Energy Saving Project in a Semiconductor Factory

Desiccant AHU

Desiccant Unit Rotation Heating Coil
Exhaust Air \ I: (€—— from Dry Area
Air Supply —)l > to Dry Area
Cooling Coil —~
7 dC 70 dc

HEM II HR
Applying more high efficiency system including Kobelco Heat Pumps ...

Contribute to reduce
41% of energy cost and 55% of CO, emission.
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Thermal Networking : Discharge-Process Input

» Discharge flow from process : containing more energy (enthalpy) than outdoor air
— Energy Saving by recovering both sensible and latent heat

=* Drying Process Energy Saving: Around 90°C =* Application case: French Fry Drying Process

High T/ Dry - Temperature requirement: around 70°C

Supply .
air I‘a Drying
air
Exhaust air

Low T/ Humid @ Bumer

Recll Cu].a.uol].

Drying chamber

Networked

Supply air = Recirculation air ~ \Water removal
High T/ Dry o+ Heat pump input

Hot media

Drying chamber

Separated

Heat
pump

e

Cold media
cycle

Low T/ High RH
-29-
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KIER's Activities - Waste Heat Utilization

Objective of project : Development of flue gases heat recovery Heat Pump for industrial purpose
100kW of heating capacity with a heating COP of 3.5 at 65-70°C of hot process water

Increase in boiler efficiency : 8% (both sensible and latent heat recovery)

(Fuel consumption reduction: 12 kg/h, cost reduction: $44,000/year)

Expected payback period : 3.5 year

o O

L |

=

|
I

Return
Water

Demonstration plant
(Lotte food Co. Ltd.)

; pump
Condenser pum Process

—®—bot

water

Com pressor

Water
purmp

Steamn

vaporator
| SO——

Fuel Moderate temperature
e @@@ Water-fluidized-bed Heat pump
Heat exchanger

Water-fluidized-bed Heat exchanger Heat pump Control/ monitoring system
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Heating Demands in Process

* Heat over 100°C (steam, flue gases) occupies most of heat demands
- Needs for energy saving (or energy network) devices of high temperature demand

** High temperature process heat

250

N
o
o

-
o
o

Dry air temperature, °C

50
& P S E & S F PSS F
& @ » & K P F ,;,@?' & S
‘O* N \\fa S @ <) 0‘.: & e/e \"o 0(\ QD
N 9 Q) & & Q07 P
® Ae'tb & (\e’b F &L '@&
h ) P 9

Process cooling (0-15°C) Process cooling (-30-0°C)

2%\ 1%
' Process cooling (<-30°C)
Space cooling |\ | /1%
1% \ |/ Process heating (<100°C)
\ o\ 9%
s
80~90%
TR Heat Demand
heating : o
100-200°C is over 100°C

21%

Process
heating >500°c)

42%

- Process heating (200-500°c)

9%

Figure 6: Industry final energy demand end-use (EU28, 2015)
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KIER's Activities - Steam Heat Pump

= Objective of project : Development of steam generation Heat Pump for industrial purpose
= Target performance : 300kW of heating capacity with a heating COP over 3.0 at 120°C steam

[Heats in industrial sector (Japan)]
gas or steam hot water
(250~C) 1" (40~100°C)
gas or steam
(200~249°c) 0% ‘ heat pump
24% -

gas or steam U® \ gas or steam
150~199°C) (100~1497C)

LT[ ]
(LI ]
(T[] o000 " Oooo © onoo

Case Study : Thermal energy network in Food (Beer) Production Process

condensate
drain (100°C |)

cooling
tower

Saccharifying Malt Boiling W
50~80°C Filtratio
Germinal aperture g hr @—m Yeast5~10°C  5~10°C 0~1°C
@ Drver || 1 da T(to 9 dav>51 t(o 3 Mont)hs
IES): | (R 6 T oy
10~20C 5 Fermentation
8 days
(Separated: Boiler) (Networked: Heat Pump)
EZ(D?EJ-S-S <—C-O-Q|-ant ----- 5----M~---.§9f- Draft
I Atz B Beer ﬂ
‘ Source, Sterijzer
Vv . v " BarreH Q
Drain } _ 5 egg%_ﬂmsp
| Boiler :
b Sream : g 120¢|
Drain : ]
Bailing flask Boiling flask ~ *esssssaauaans
High Temperature
Heat Pump
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KIER's Activities - Steam Heat Pump
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** Design of thermal energy network for industrial processes using Steam Heat pump

* Advantages S
- High efficient heat pump system (vs. bailer) S Westohet
- Reduction of transport loss by distribution of devices aste [ ) -

Chimney

Pump
Steam  Steam
Pipe Pressure
loss Loss

Energy Center Steam Supply Service

Heat Loss from piping Lsakl s iiTiEs
Steam
Steam Supply Service Boiler
Energy Center PPly Factory
gl Heat Loss from piping Leak Loss in Traps Drain LLoss_‘ Sy [ Heating Do o Dry
Boiler ] AR i | s 9 Atmosphere
Drain Loss T Sterilization | | Heating Drying ‘ Cleaning ‘ i Ds?)/he . l
lo} r

Steam
Generating
Heat Pump

Waste Heat

Heat Pump,
Preheating

| Refrigerationl I Cooling]
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KIER's Activities - Steam Heat Pump
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" Heat Pump cycle design: Internal heat exchanger cycle

- Working Refrigerant : R-245fa _
- Prototype of 40 kW, : Reciprocating comp,, R-245fa drop-in test Pm;oztzgfz 30 ""."m i ud
- Prototype of 100 kW, : Screw comp, Cycle optimization o rop-in, prefiminary study

[DO3—> steam

(1.5 (104.5¢) —>Up to 130°C

Flashing
& Tank

105 C

Condenser

Receiver

& Compressor
i Internal Heat Exchanger
> >
pki <

g g vaporator w‘

»-

(56.6C )

Prototype: 100 kW,
- Open-screw, flash-tank steam generation




Regional Workshop on Low-Carbon Technologies for Micro, Small and Medium Enterprises(MSMEs) in the ASEAN o BT 10| L] T 7] & 01 &1
— KOREA | CH

REA INSTITUTE OF ENERGY RESEAR

KIER's Activities - Steam Heat Pump

** Prototype of High Temperature Heat Pump Unit for Low Pressure Steam Generation

- Generating 120°C, 2kgf/cm? for industrial processes using waste heat (50~70°C)
- Heating capacity: 360kW,, (corresponding to 0.5 ton/h steam)
- COP;; 3.6 (70°C waste heat, 120°C steam)

Heat Pump Unit (before casing) Heat Pump Unit (after casing)
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KIER's Activities - Steam Heat Pump

** Demonstration Operation in a Poly-Carbonate Factory in Korea

- Waste heat : 50°C-55°C

- Target process: Waste Water Stripper process (using 110-120°C steam)

Parameter Lab. Site Comment
Waste Heat(°C) 704 553 Lower temp.
Steam(°C) 1196 115.2 Process demand
Capacity(kW) 364 348 Due to lower waste heat temp.
Prototype Units : ERNEED
- Capacity 360kW,,(300 Mcal/h)) o ..
-COP36 E
! 4720 3000 3000 2950 3000 3

Heat Pump
Unit

Flash W CIS anr;t gljl
Tank
Unit

ol
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Future Energy System

IEA Energy Technology Perspectives (ETP) 2014

Distributed The integrated and intelligent electricity system of the future
Power

System

Renewable energy resources

Smart transmission
and distribution

' Monitoring

# Real-time monitoring of
energy facilities

+ Management of energy data
base

' Control

Centralised power and
heat generation

Pumped
P + Optimizing energy resources
and investments
e o | # Improving total energy
soege ARl \% UG~ efficiency
Electrification of transport
Key point To better integrate all elements of electricity systems will increase complexity, but

improve operations, efficiency and resilience while optimising energy resources and
investments.
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Future Energy System

** Thermal Energy Network

- Optimal energy usage between supplier
and end-user

- Total R&D activity covering production - BEMS, CEMS, FEMS, etc
- Energy Exchange Market

~consumption-management Management

- Energy efficiency enhancement by introducing

unused energy/renewable energy into network
4

’
,/

g
-CHP

- District heating
- Power Plant

- Heat pump Plant

- Heat storage
- Heat pump
- Micro CHP

AN

Unused Energy — Solar thermal, geothermal, seawater, air
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KIER Energy Network — Communication Infra

** KIER Energy Monitoring Infra — Prerequisite to Optimal Management

- Site characteristics : Individual operation of each energy facilities operate (Private monitoring protocols)
— No integrated monitoring infra — Building Common Communication Language

Network (TCP/IP) Constructing TCP/IP Protocol
- Energy data can be accessed
through network
OPC S/IW Protocol,
Protocol PLC Protocol MODBUS Port Compatible 1

Current systems
- Individual protocols for each system
- Independent network

Cooling
/ Heating

Electnaty
Monitoring

Siemens Honeywell Individual
PCS7 Niagara AX Protocol
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KIER Energy Network — Web-based Monitoring

Constructing TCP/IP Protocol

- Energy data can be accessed

* through network

@
Real Time Data Server

- Realtime DB managem (nvensys InSQL) Interface ﬁ Oracle SQL Server
- Data history & Solvers

- Restricted solvers *
Web-based EMS System ©)
- RTDB on HTTP platform
- Web-based monitoring
and simulation (user friendly)

Energy Network DB Serve

Data Access

power usage in each building =* Usage for Stored DB: Elec. consumption

4 Electricity Energy Trend

30
Pek Tend - Tot - Possible to extract building energy consumption models
M Peak of Con: tion (kW] 00,00C C
ek of comsumaten ] * TYer  Month Peak kW] Sum [KWhI 2
W Peak of Generation (kW] o | e 1o i w7 B
2015 09 153 532.826 D
2015 08 159 592,666
2015 07 169 575,942 7
Year Month Peak [kw] Sum [kwh]
Monthly Trend - Total L Ll
00 2015 10 105 122,477 m
o ————— : il
| Monthly Consumption [kwh] 2015 ® 53 532.826 o
| mMonthly Generation tewhi 2013 | 08 159 592,666
BB 2015 07 169 575.942 ¥
1 b
" T Year  Month Peak (kW] Sum (kW)
o 2 01 0203 04 05 06 07 08 08 10 e 2015 0 275 250,764 =
2015 09 345 919,563 D
T Consumption  Generation 2015 08 327 1.015.275
Peak [kw] 2,881 39.467 2015 07 401 1,314,147 -
Monthly [kWh] 13,140,137 6.479.346

-20 -10 0 10 20 30
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KIER Energy Network — Web-based Control

Operation mode
Oracle SQL Server

2

Network (TCP/IP)
MODBUS Heat Pump, Pump, Valves <Local PLC> <Web Server>
Protocol (Control logic) - N2_MODBUS_TESS_MODE
_system_off
- N2_MODBUS_TESS_MODE
MODBUS _cooling_storage

<—> - N2_MODBUS_TESS_MODE
"Operation mode” _cooling_storage_HP
- N2_MODBUS_TESS_MOQDE
_cooling_HP_only
- N2_MODBUS_TESS_MODE
_cooling_disstorage
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KIER Energy Network — Final Monitoring Infra

* Integrated Energy Data Management Infra (Energy Center)

— First Stage to Total Energy Management of KIER

-43-
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Thermal Energy Network

Maximizing the use of thermal energy by balancing energy production and consumption
and by utilizing various unused energies near demand side

» Heating/hot water : Using low temperature energy around, Central heat pump/distributed heat pump

» Industrial : Refrigeration/heating, discharge/process-input, high temperature

» Monitoring/management : Site dependent communication infra

KIER Energy Network
LGrid-scale
demonstrative R&D

 KIER 3025 project planning
& Sea water source heat pump
® Industrial heat pumps (<100°C)

Lab-scale
demonstrative R&D
(2014~)

Renewable-hybrid

B KIER 3025 project completion

B uGrid-scale demonstrative
R&D planning

Core technologies
for thermal station
(2011~)

2 KIER Energy Center

£ Steam generation heat pump

£ Local EMS for uni-directional thermal energy supply system with a
local source

& EMS for bi-directional thermal energy network

Concept
Building
(2010~2011)

8 Heat pump-based thermal station concept
® Thermal station-based TEN concept
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Tech Vision

<Exhaust Gas R&D Center>
* Fuel : Coal
* Boiler capa. : 10 MWth

<Heat Supply Plant>
| * Double effect Absorption Chiller : 2

. i . units
Generating capa. : 2 MWe Plant . Fuel : LNG, (Steam) |
— I —

I
! Solar + Geothermal
an B Network (250RT)

Micro-grid
* Thermal grid
* New & Renewable

* Low U-value of walls & windows
* Low energy lighting system - electricity grid
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