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1.1 Background HSESAAU2019

«Territory: 1.564 million km?
«Population: 3.5 million

«Capital city: Ulaanbaatar (approx
1.5 million)

-Hl% est point: Huiten peak (4374

-Lowest point: Khukh nuur
depressions (518 a.s.l.m)

-Lowest annual average temperature:
-21°C - (-50°C)

-Highest annual average temperature:
+23°C - (+40°0C)

-Official language: Mongolian

"’"’-"Relggion: Buddhism
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1.1 Background (cont. fyvor
Climate: Sharp continental, marked by four seasons.

Average summer temperature +17°C - (+40°C)
Average winter temperature -26’C - (-50°C)
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1.1 Background (cont. 2sumuzos

Temperature of Ulaanbaatar, 2013 Solar potential in Mongolia
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Figure 1 Annual Ambient temperature of
Ulaanbaatar in 2013

less than -40°C in the northern
40°C in the Gobi Desert

o
An annual mean temperature of -2.3°C Figure 2 Annual global solar radiation of Mongolia

Source: Mongolian Academy of Sciences

Powered by
((‘ INVEST sEEnergies Oﬁ W Fonen o il e
d
UN & R, wome = /nnovation Fund Denmark 4DH

environment = INITIATIVE 5



5% International Conference on Smart Energy Systems
Copenhagen, 10-11 September 2019

1.1 Background (cont. )

Overview of energy generation structure & heat consumption

IMPORT GEMERATION
1,683.6 GWh 6,624.8 GWh
20% 80%
Losses in
T
Dastributior —
0.06% 3% .
DIESEL GENERATOR
CHPP-4 1.6
DCHPP 4.3%
ECHPP 2.7%
By Figure 4 Heat consumption by sector
UKhCHPP 2.1% _ . )
DorCHPP 3.7% Source: NDCPS*, Mongolia, 2018
DZCHPP 0.2%
CHPP-2 2.6
sl - 42.1 % - 148,651 householders
Figure 3 E tion strachare and imbort /apartments/
1gure 3 Energy generation structure and imports o )
Source: MOE, Mongolia, 2018 - §57.9 % - 204,161 householders
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*NDCPS — National Dispatching Center of Power System. *MOE — Ministry of Energy
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1.2 Research statement  #ssauvzo9

« WHO listed Ulaanbaatar as one
of most polluted five cities in
the world.

« The fine particulates level reaches
as high as 750 pug/m? in winter
season while the annual average
ranges from 136 — 141 pg/m?

Figure 5 Sub-Urban area; clear and smoky day
Source: National Renewable Energy Center

« WHO guideline level of 10 ug/m3

5 -380,000-420,000 ton coal;
1. A large emitter of CO2 !!! -~.39 million ton CO2 in 2018;

2. Huge air pollution !!!

District heating is urgently needed.

How to solve this faced problem? -—) Low carbon
heating system

« INVEST sEEnergies oﬁc B g W
@
AALBORG UNIVERSITY 8 DISTRICT ENERGY .
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*WHO — The World Health Organization * UBDHC — Ulaanbaatar District Heating Company 7
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1.3 Purpose #SESAAU2019

The main objective is to investigate the applicability of solar-assisted heat

numn (SAHP) cuctom inctoad of conventional coal-fired furnaces applied for

]
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> 4

4

oGy An energy saving, customer satisfying,

!

.

yviwy l,'l.lo 1L [ &

and environmental friendly independent heating system.
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2.1 Study area Copenhagen, 10-11 September 2019

#SESAAU2019

Ulaanbaatar divided into nine districts and municipal sub-districts. Each
municipal sub-districts have an administrative building which includes:

v' Administration office
v' Bank,

v Police station,

v" Clinic.

Table 2 Building description

Building establishment m

Total floor area: 450 m2
Roof area: 178.5 m2 Figure 6 19th khoroo, Chingeltei district
Max. heating load: 45 kW
Design outside temperature: - 39°C Therefore, a conventional coal-fired
Powered by
((‘ INVEST sEEnergies oge B Fonden Energi-& Miljedata 13
M e UN @ i, vone ™ /nnovation Fund Denmark sOH

environment S INITIATIVE 9



5" International Conference on Smart Energy Systems
Copenhagen, 10-11 September 2019
ESAAU2019

2.2 System design & Configuration

Three kinds of systems which are:

v' Conventional coal-fired heating system /Efficiency is 45%/,
v A solar collector heating system,

v SAHP system.

@ Conventional coal-fired heating system:

Coal | == - == | Heat distribution

Figure 7 Energy flow chart of conventional coal-fired heating system

@ Solar collector heating system:

Solar
collector

Electricity | == - == | Heat distribution

Figure 8 Energy flow chart of a solar collector heating system
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2.2 System design & Configuration (cont. 1)

@ SAHP system:

Solar » [Cold tank . Heat .- ) Heat

collector pump distribution

L

EleCtriCity 4

Figure 9 Energy flow chart of SAHP system

Inputs to the model:
The research has carried out - Outdoor temperature,
as a total heating load is 45 kW - Source fluid inlet temperature,
based on the water source heat - Supply fluid outlet temperature,
pump system, through a flat- Outputs:
plate collector integrated system. - Return water temperature,
- Heating load,
- Energy consumption,

- Water storage temperature.
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2.2 System design & Configuration (cont. 2)

Solar collector heating system main Auxiliary components:
components:

v Solar collector v Weather data reader,

v’ Storage tank, v Space heating load model,
v' Controller, v" Online plotter,

v' Circulating pumps, v’ Printer.

&l‘ > » - MY

Type99 "

Circulating Pump .
Solar Collector

| ——
=

con*o]]cr—‘— 90°C ) 6OOC >
& 550C Tank N Retun pll.t‘.f:]) N 5606amF Load
( Figure 10 Solar collector syste@ model
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2.4 System design & Configuration (cont. 3)

SAHP system main components: Auxiliary components:
v' Heat pump, v" Weather data reader,
v" Solar collector, v" Space heating load model,
v’ Storage tanks, v" Online plotter,
v" Controller, v’ Printer.
v" Circulating pumps,
41 . > —*+— . + %
9 . =N =2 .
Weather| data rs t’ﬁj _._OummsL‘-
1 90 — 110 @.@C |
— -l —
T Circulating pump Selar Collector 1
Iz ’ T | ~ 20°C X - =9oC
contgoller -
f 3
i—[t.at':n laad
°C } s6°C
: : 15°C
— I 2 S > 51 -t
10_150CC°H tank Return pump-2 Femm pump-4
( Figure 11 SAHP SE tem base r@del
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3.1 Solar collector heating system results

Solar collected heat
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Collected heat, kWh

Months
Figure 12 Collected solar heat from the solar collector loop
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Figure 13 Mean temperature of hot water tank

Energyv consumption
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3.2 SAHP base model results Heat pump power
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Cold tank return and supply temperatures

[&J]

i

Z 2

L 2 ':“ 20
®_ 15 E 15
E 10 Em
| s 5
g g

E o

g P - W . g £ § 2 S
Months Months
s (C0ld tank temperature to heat source Figure 17 Heat pump power.

s Tn]d tank temperature to load
Figure 16 Cold tank temperatures to heat source
and load. v' Heat pump power ranges between 22
Solar fraction (SF) and 24 kWh during the heating season.
As a result, heat pump COP is 1.82 due
to too low ambient temperature.
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v SF is from 40% to 100% due to cold
tank water temperature.

0
Aug-13 Oct-13 Mow-13 Jan-14 kar-14 Apr-14 Jun-14

Figure 18 Solar fraction of SAHP system.
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3.2 SAHP base model results (cont. 1)

Energy consumption Seasonal performance factor

2 30 (SPF)
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Months Months
Auxiliary heating rate e Heat pump power e====Total energy consumption
Figure 19 Energy consumption Figure 20 SAHP system performance.
v The energy consumption is higher in the severe cold months than a mild
season. Conversely, system performance is lower in winter.
SPF of SAHP which is the ratio of the total
loads met by the system to the total energy
consumed
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3.2 SAHP base model results (cont. 2)

Comparison with conventional heating system

The research work considered three different heating system concepts compared
within TRNSYS simulations for the space heating.

Total CO2, t/year Energy generation price comparison
160 Emission 0,07
140 0,06
o 120
8 100 0,05
5 80 Reduction % 0,04
= 60 Reducti - 0,03
40 eduction )
20 - 0,02
0 0,01
Coal-fired system Solar collector SAHP system o
heating system Conventional heating, kWh SAHP system, kWh
Figure 21 CO2 emission and reduction Figure 22 Energy generation price comparison
comparison of three different systems
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Conclusion

»Conventional heating system: CO2 emission - 144.4 ton/year.
>Solar collector heating system: CO2 emission reduction is 28.8

ton/year.
»SAHP system: Energy saving for the SAHP system - 54 %

COz2 emissions reduction - 77.9 ton/year.

Technically SAHP system is applicable for the
Yes!!! space heating in Mongolia.

Financially and Economically
feasible to use this technology.

Powered hy
((( INVEST stEnergies ogo B Fonden Energh & Miljadata <ipF
{
UN® i, nore ™ /nnovation Fund Denmark 4DH

INITIATIVE

18

environment



5' International Conference on Smart Energy Systems
Copenhagen, 10-11 September 2019
#SESAAU2019

Thank you for your kind
attention

E-mail: nyamtsetseg@gmail.com
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