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ABSTRACT

The purpose of this study is to analyze effects of Greenhouse Gas (GHG) emission reduction in district energy
business mainly based on Combined Heat and Power (CHP) plants. Firstly this paper compares the actual carbon
intensity of power production between conventional power plants and district energy plants. To allocate the GHG
from CHP plants, two of different methods which were Alternative Generation Method and Power Bonus Method,
have been investigated. The carbon intensity of power production in district energy plants (0.43 tonCO.e/MWh) was
relatively lower than conventional gas-fired power plants (0.52 tonCO.e/MWh). Secondly we assessed the cost
effectiveness of reduction by district energy sector compared to the other means using TIMES model method. We
find that GHG marginal abatement cost of ‘expand CHP’ scenario (—$134/tonCO;) is even below than renewable
energy scenario such as photovoltaic power generation ($87/tonCO). Finally the GHG emission reduction potential
was reviewed on the projected GHG emission emitted when the same amount of energy produced in combination
of conventional power plants and individual boilers as substitution of district energy. It showed there were 10.1~
41.8% of GHG emission reduction potential in district energy compared to the combination of conventional power

plants and individual boilers.
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Table 1. District energy operation in South Korea (2014)
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Type of district Number of district

Total heat produced Electricity generated Heat produced from Power to heat ratio

energy energy providers (Tcal) (GWh) O© CHP (Tcal) @ (@ x 086 / @)
For residential & 31 12,827 16,063 9,219 1.50
commercial use
For industrial use 29 52,099 11,941 39,985 0.26

Total 60 64,926 28,004 49,204

Source: Korea Energy Agency. 2015. District energy statics, Seoul.
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Table 2. GHG emission in power & district energy sec-
tor in South Korea
(Unit: kiloton(kt) of greenhouse gas)

Sector 2011 2012 2013
et commenil e 191 83 8a2
e'ar;gy For industrial use 10,596 10489 10,844
Total 18,087 18871 19,286

Power (B) 233,406 239,534 248,573

Power & district energy (A+B) 251,493 258,405 267,859

Source: Korea Ministry of Environment. 2015 National GHG
emission statics, Seoul.
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power

n Heat production efficiencies of producing thermal

alt heat -
energy via an alternative plant

Tt power POWET generation efficiencies of producing power

energy via an alternative plant

H: Heat production

P: Power generation

Source: Allocation of GHG Emissions from a Combined Heat

and Power(CHP) Plant. 2006. http://www.ghgproto-

col.org
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Fig. 1. Carbon intensity by energy sources of power plants and district energy.
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Table 3. Scenario assumption by GHG emission reduction technologies in power & district energy sector

Technologies

Scenario assumption

Ultra-Superecritical (USC)
generation

+ Introduce USC generation as 1% of total coal (bituminous)-fired power plant capacity in 2020. Extra
construction of USC generation plants in addition to base scenario which assumes all of newly cons-
tructed coal (bituminous)-fired power plant.

Carbon Capture and
Storage (CCS)

- Introduce CCS as 2.9% of total coal (bituminous)-fired power plant capacity in 2020. It was assumed
2,200 kilotons of greenhouse gas would be captured in the power sector.

Expansion of renewable
energy power generation

+ Introduce extra photovoltaic power and windmill power generation 10% of base scenario in 2020. As
the renewable energy power generation has been increasing rapidly, additional construction was assumed.

Expansion of
CHP plants

- Expand power generation by CHP plants additionally in 2020. It was assumed switched 1% of electric-
ity generation from conventional power plants to CHP plants.

Reduction of heat loss
during distribution

- The heat loss during hot water distribution in district heating is 10% now. It was assumed that the
heat loss would be reduced by 5% in 2020.

Table 4. Cost assumption by GHG emission reduction technologies in power & district energy sector

Technologies

Cost assumption

Ultra-Supercritical (USC)
generation

- Investment costs of USC generation are 38% more expensive than coal (bituminous) fired power plant.

Carbon Capture and

Storage (CCS) are 60%.

- Investment costs are 3 times more expensive than coal (bituminous) fired power plant and fixed costs

- Photovoltaic power generation: Compare to coal (bituminous) fired power plant, investment costs are

Expansion of renewable
energy power generation

490% and fixed costs are —50%.
- Windmill power: Compare to coal (bituminous) fired power plant, investment costs are 82% and fixed

costs are —54%. We assumed operation costs of both of power generation were none.

Expansion of
CHP plants

+ Compare to coal (bituminous) fired power plant, Investment costs are 21% and fixed costs are —83%.

Reduction of heat loss

during distribution price for residential use.

- We assumed the cost for reduction of heat loss in distribution pipe as 0.1% of ($75 per Gcal) heat

http: //www.ekscc.re.kr
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Fig. 2. Greenhouse gas marginal abatement costs by emission reduction technologies.
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Table 5. Assumption criteria by type of installation

Type of installation Efficiency of installation (%) Fuel (%)
District energy Actual GHG emission data
Power Fuel mixed 43.1 Coal (67), Heavy oil (4), Natural gas (29)
Separate heat generation Gas fired 49.1 Natural gas (100)
& power
Individual boiler for residential use 85.0 Natural gas (100)
Table 6. GHG reduction potential in district energy for 2 A8t
residential and commercial use by each sce- ARAGR] AQdRle] 2Q gyl Melolmz Mo gt
nario g Adu| 2 At 318 uhH auke j_req—a— omn, AFALE
. : GHG reduction F ARES $J3t 282 AusiEEd AR 38.9%E A&
Type of installation .
potential (%) 5}0:11—,}. GAAL] TS tiFAdn] o] AFIE HelE]o] Akgoln
Power generation (fuel mixed) & 418 HE&-2 FARARGIGE R Ry A3 oAl oy
individual heating for residential use ' 2| AMEEE 2015)8 0]8519) 1, A=A AXLS 9t Ab
Power generation (gas fired) & o1 A4 Hdy 82 Technology Brief 101 Industrial Combus-
individual heating for residential use ' tion Boilers IEA ETSAP, May(2010) R[22 AR2alo] AmE
4 vlge] WE /1EBE DS Atk 2471 )
AHEA 222 1.59%= 28a9ck S AE ARAREEl IPCC HiEATE 2183t 4t
Ao ARAMGF AES 919 Ay male) &3tk
o] o A HRL 5% A1delglon] Ahelri e 2011ERE 2014d7A)e] AHE Hg5)

MHE Ao A F2 ARSI Q= AAVMAS 7jEom 8F BT OF 10.1%2] SA7ES 45 FARo] Qs Aoz
Ak shubdo] At tiet ARAS S A 3t AR, ofs AAEdY F2o] AV 1= el
HEA 590 SHAYEA Ahao] 9l i dhHd sps 12.1~41.8%21 Zof v|ahH o o2 o= HHE A

BIFG UR Mixe} 72009 5 7p Aele R ieo] oA Aol EgAolo] ofsh A ek, Aelet
212F 43.1%9} 49.1%5 Hgfo] AEHAT, 2t AE @ A AR A9 AR 9 F2 AL AGAR

l gl
ool IPCC WjEASE 2 8alo] LA7LA HiETe A%
o} 20115 2014 AR gaio] AHET AT, o
=

i

Table 7. Assumption criteria by type of installation

3
Pt AR Mix2] 3¢ 41.8%, 7R A9 121%2] 24 Type o Efficiency of Fuel (%
7k~ ZERAERO] 9= Ao HAw]olr), installation installation (%)
District energy Actual GHG emission data
3.3.2 MACX| B2 2AIJIA ZEZRIX|ZF BEA Power generation 38.9 Coal (100)
AFATER] HE ZhEzi)eF AL O8] Alelukr] AFadzlel Indiyidual 'boiler 76.0 Coal (37), Heavy oil (25),
oyatol| st Eﬂxﬂ/\ﬂd]o Arlemolgo] o gAkerRe. (A for industrial use Natural Gas (37)

ﬁéﬂ,ﬁg/\bﬂ st 1’4111]/\4H] o] slEA o] AE AYARES (A Table 8. GHG reduction potential in district energy for
X

QIR Aol 4] HE AR x (1-5HHEAR)E 4 industrial use

o &A1E O Ao Aloizlol Ao x| H} i
skt ofuf AR ARG -, A g Type of installation GHG r?duczlon
Aeirtet 2 Qi o] ezt SIXBhEs, Aol ot potential (%)
2 oA g7} Zol AAS 008 HLsle1, SHel Power generation (coal) & 10.1

individual heating for industrial use

g2 AWAdRIe) o] s AHEEA A=l 1.59%
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