


Introduction: why district energy?
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Introduction: Why district cooling?
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District energy: Key for smart cities to increase the
share of renewable energy and overall energy eff|c1ency
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Development of district heating & district cooling
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Energy efficiency / Temperature level

1GDC: PIPELINE REFRIGERATION
Small systems

Refrigerant or brine as cold carrier
Centralised chillers

Centralised and decentralised evaporators

2GDC: ECONOMY OF SCALE
Large systems

Water as distribution fluid
Large mechanical chillers

3GDC: DIVERSITY

Diversified cooling technologies

and cooling sources

Coupled to district heating

Cold storage

4GDC: SMART ENERGY SYSTEM
Smart integration with electricity,
district heating and gas systems
Mutti-source cold supply

High temperature cooling
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Mechanical Mechanical
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District Cooling

1GDC/1890-1910

4th Generation of District Cooling (4G DC) UN

End users
Commercial, industry,
hospitals and public
institutions

Cold storage
Short term

Natural cooling
Rivers, lakes,
sea, air

Waste cold streams

Gos expansion

Absorption chillers/
m heat pumps

District heating  ---

Mechanical chiller/
heat pump

District Cooling

Future cold sources *7
X

Residential cold from
comfort heating and/

or domestic hot water

by heat pumps

Renewable electricity
Solar, waveand wind

Natural cooling
Rivers,lakes,
sea, air

Waste cold streams

Gos expansion

Absorption chillers/
heat pumps

Mechanical chiller/
heat pump
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End users
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End users

Commercial, industry,
Hett  hospitals and public

institutions

w__“ Thermal (hot/cold) storage
Short and fong term

Data centers

District heating

Heat recovery with heat pumps
Commercial, industry, hospitals
andpublic nstitutions
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Multiple benefits of district cooling for cities

DH can help reduce gas imports by Denmark, has achieved a
switching to readily available 20% reduction in CO2
sources: heat pumps, surpluss through district energy that

energy, biomass, solar.... = Reduced integrates renewables
dependenc GHG

o emissions
fossil fuels

Multiple Benefits _
Improving cities air quality

Cities like Toronto or Paris llocalfree Cities and countries :
use free cooling from rivers and RE develop DES to anq 'e.d”"'T‘g PM2'5. .
and lakes for COO"ng Supply Solirces achieve a variety of emissions is the main driver
objectives for district energy in Chile
Reduced
blackouts/ A )
Dubai. UAE shifts peak grid stress Energy h Qatar, to produce 1 TR hour DC
e{ectri::ity demand aith cid efficiency N 4 consumes 55% less electricity
and access than individual window units and

storage lowering power ; ”
g_ . gp 47% less than air-cooled chillers
transmission investment
(souroe: Kahramaa)
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Multiple benefits of district cooling for cities

District energy systems are an important part of heating and cooling sector decarbonisation, as they allow for the
integration of flexible and clean energy sources into the energy mix, which could be challenging at the individual
building level in urban dense areas.
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What are the challenges for district cooling?

‘.fg. Lack of local capacity
nﬁn/ﬂ Lack of data
@ Design marketable or investable or bankable projects
1|”'ﬁ‘ Bridging the gap between the regulatory level and ground level

m Long-term support to local authorities

LY

Communication and awareness raising

;l Standardisation and transferability
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What are the financial barriers in new markets?

District energy systems can make returns from 6 to 20 per cent, with a break-even point from 6 to 10 years
depending on the market and the project. But to really take advantage, we need to address upstream barriers and
make it easier for the private sector to invest.

1) lack of low-cost capital with cities and utilities

2) lack of upfront finance to cover project development and
tendering costs

3) lack of capacity in national and subnational governments to
create the enabling environment to unlock investment

4) lack of political will to improve heat tariff regulation and
utility structuring;

cXampiles of solutions impiemented In some markets:

v In India, UNEP supported IFC and Tabreed to establish a $400 million investment platform for district cooling
v UK has established a Heat Networks Investment Programme to help municipalities overcome financial barriers

and scale-up the market. The District Energy in Cities Initiative is trying to replicate this model in new markets
v’ Subsidies, tax incentives
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District cooling VS. other cooling technologies

. . Primary Energy | Peak load shifting
° H |g h er ene rgy Cooling system type Efficiency factor-Electricity

efficiency than Split AC, VRF/VRV 25%-30% 0

Conventional Central (water-cooled

conventional cooling o it B 20%-30% 10%-15%
Conventional Central (air-cooled elec. o/ 200 o/ 10
chiller+ FC/AHU) 15%-30% 10%-15%
District cooling (all elec. chiller) 25%-30% 15%-25%
District cooling (.free cooling+elec. 30%-60% 30%-50%
chiller)
Tri generation (electricity, district
heating, district cooling, domestic hot 60%-80% 30%-50%
_ water)
° e & Tri generation (30%TES) 55%-75% 40%-60%
- R W S A B B B eag
S?Jé’r‘;?n"‘nfé“ copenhagen *Assumption: Grid electricity PEF=35%, cooling factor=0.15, heating factor=0.2, Spg;r;%mnfgt

woporedty 5 UNOPS electricity=0.5, all equipment reaches A-level under Energy Star or ASHRAE/ASME



District cooling VS. other cooling technologies

* Peak electricity load shifting
* Cooling load reduction to save total investment in the district
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District cooling VS. other cooling technologies

* Refrigeration phasing out
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District cooling VS. other cooling technologies
e Better indoor environment and air quality

DC+Central End Conventional Central .
] Foany | PRAC | TR

Indoor
Environment
Parameters
Indoor Air
Quality (1AQ)
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System components: district cooling

Chillers: 10kV/6kV/380V electric chillers, absorptive chillers
Circulation pumps: chilled/condensed water

Electricity transformers

Water supply and treatment systems

Electric chillers Absorptive chillers

District cooling
plant at Business
Bay - Empower

- LT
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System components: district cooling

_ R

*  Cooling towers
* Thermal storage systems: ice/chilled water storage
*  Central control systems

Dynamic ice storage in DC of Chengdu Ice storage coils in DC of Ice storage in DC of Marine
(In operation) Shenzhen (Construction
stage)

Central control system for multi cooling sources in DC
system of Marine Bay, Singapore
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System components: district cooling

Leakage sensors & alarming system in Shenzhen
DC

_7

* Preinsulated pipes

* Direct buried network VS. corridor

*  Controlled heat loss in pipeline network

* Leakage detective sensors and alarming system

Pre insulated chilled water pipe

HDPE Outer Protection Pipe.
Material:

high dersity polysthyiene
Level: 50, 100

e HDPE outer protection pipe
arti-comosive; watemroof,
antkagingshock resistance

Polyurethane insulation layer
— Polyurethane insulation layer
Material than
Density:=50KG/m*
Thermal conductivity:
GEIT25047-201250.033WI(m*K)
_ EN25320,028WI(m*K)

Steel pipe
Bayer and BASF Germany;
Huntsman America

Steel pipe
Thickness: 3-16mm
1 Diameter; 20-1800mm
Material: steel pipe; composite plastic pipe
stan

AP Spec 5L 16Mn X42-X80
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System components: district cooling

A typical ETS room has:

*  Pipe connections or rough-in with knockout panels on ETS room design and installation
exterior wall

* Heat exchangers for space conditioning

* Controls and meters

Normally it is regulated on design and installation as well as
maintained by district cooling suppliers

Source: DESIGN GUIDELINE FOR DISTRICT
ENERGY, City of Toronto, 2016
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System components: district cooling

District heating and

Stand-alone heating and
cooling systems

cooling systems

. Rooftop garden, heliport, eto.

Cooling towers, chimneys
i
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Piping ‘
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Building equipment room
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System components: district cooling
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System components: district cooling

Controlled return
temperature, T2'

DC side End-user side
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System components: district cooling

Existing
system

After connecting to

DC
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How to develop and implement district cooling projects?

Define the roles of municipalities
and cities

Suitable business models
to enable the investment

environment Cost-effective technologies to

integrate multiple sectors for
higher systemic efficiency

UN & Combining suitable incentive policies, business models and cost- UN &
oy . . . . Wy
environment | copenhagen effective technologies can accelerate the implementation of carbon aryirorinient
programme climate centre programme

omortty 5 N OPS neutral communities and scale up after demonstration.



Recommendations: How we take actions in the APEC economies?
» Fill the data gaps

Benchmarking the cooling demand & cost in buildings: How cheap is cheap?

* Connecting to district cooling system can bring economic benefits to end-users compared to stand-alone
solutions (blue pillar)

 The long-term cooling fee paid by end-users is comparatively less than self-built stand alone systems

(blue pillar)
2500
B Connection Charges (District Cooling)
2000 B Capacity Charges (District Cooling)
‘g M Consumption Charges (District Cooling)
E 1500 B Total Annual Payments (Stand-alone)
,E
E 1000
E
>
[
o
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Recommendations: How we take actions in the APEC economies?

» Integrate cool mapping and planning into long-term
urban planning

Use GIS data to

1) Assist urban planners in master planning

* Decide locations of DC plant

* Integrate land-use of DC to other utilities

* Phasing of DC r———

* Implementing pipeline routines | Tf,;r»(‘:f%

2) Expand or upgrade existing DC | :; P

3) Optimize DC and building energy systems operatlon A *i Tl \\
through connection with smart city platforms S urn AL \¢ .

4) Facilitate feasibility studies, incentive policies and | *i’“’ PRy _/f e
business plans in later stage gl ST ‘}f

Srogramme. | Sopenhegen kot

supportedby @ I JNOPS



Recommendations: How we take actions in the APEC economies?

» Integrate cool mapping and planning into long-term urban planning

Gew developments above 50,000m? must provide an “Energy Plan for Effective \ |
Utilization” in order to obtain a building permit. This energy plan requires: s
(1) Setting targets for energy saving performance in newly constructed buildings;
(2) Study of introduction of unused energy and renewable energy;
(3) Study of introduction of district heating and cooling.
New developments that exceed 10,000m? (20,000m? residential) must do a technical
assessment of district energy and demonstrate consultation with district energy

Quppliers. TOkyy
ﬁ Integrated Energy and Land Use Plan London\

Large building developers must develop district heating if connection unavailable
London required its 32 boroughs to carry out energy master planning
* Encouraging Connection

Connect unless policy
Large new waste heat sources must accommodate connection to district energy

* Tariff Regulation and Customer Protection
uariffs unregulated but city makes recommendations on methodology and contract Iength)

supported by @‘j U N O P S
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Recommendations: How we take actions in the APEC economies?

Innovative technologies for cooling

Passive cooling technologies in buildings

Building envelope efficiency

Green building certification (e.g. LEED, BREEAM)

Cool roof, green roof

Nature ventilation

Active cooling technologies

Free cooling (e.g. deep sea water, direct condensation)
Low-GWP refrigerant (e.g. R717)

Thermal storage of ice and/chilled water

Demand-side radiative cooling systems — chilled ceiling
Multi-sector energy systems integration (e.g. waste heat from industry, IDC & super market)

N =
iy Fam
\ ¥ Y

environment copenhagen environment
climate cen

programme

tre programme

supportedby @ I JNOPS



Recommendations: How we take actions in the APEC economies?

Chilled Ceiling Fresh Air
> Innovative technologies for cooling — "y
2) Active cooling technologies
By Radiation By Nature Convection

* Demand-side radiative cooling systems — chilled ceiling (1070W) (510W)
Benefits: a) raise the supply chilled water temperature to 12C and up -
b) Raise energy efficiency of indoor cooling system at least 35%

c) Almost no cold wind blowing, no noise from fan-coils

d) Save space in the ceiling so more height in the office space
Challenge how to prevent condensed water on the ceiling surface

environment
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supported by @ U N O P S

copenhagen
climate centre



Recommendations: How we take actions in the APEC economies?

» Innovative technologies for cooling

3) BMS for building/district energy system monitor and control
e Al-aided control method

* Smart city

e Digitalization

gy
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environment copenhagen environment
programme climate centre programme

supportedby @ I JNOPS



Recommendations: How we take actions in the APEC economies?

» Innovative business models to bring long-term financial support

1) Business models for efficient cooling

* Service-targeted: Cooling as a Service (CaaS), Efficiency as a Service

 Performance-targeted: Energy Performance Contract (EPC)

* Turn-key & joint venture: Design-Build-Finance-Operation-Own/Transfer
(DBFOO/DBFOT)

* |Insurance-based: Energy Efficiency Insurance (EEI)
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Recommendations: How we take actions in the APEC economies?

» Innovative business models to bring long-term financial support

2) City climate fund
« Start-up support from national/international financial resources
« Leverage private investments in a longer term or later stages

Examples:

« Climate Change & Environmental Protection Fund in Mauritius
« City Climate Funds in Xi'an, Qingdao & Shenzhen (China)

« City Environmental Protection Fund in New York State

UN & UN&
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Recommendations: How we take actions in the APEC economies?

» Innovative business models to bring long-term financial support
2) City climate fund

o5 " N NN NN NN NI I NN NN N NN N M N S e e ~ gp " L ISR I U U U D R ————— kN
/ \
Stage 1: Seed Domestic public funds pay out Stage 3: Mature (5-8 years) |
Other public/private funds buy in Domestic private funds buy in |
Start-up (3-6 y€ears.) Bonds Some international funds pay out'

Pension Fund Commercial |
Investors: Banks nsu rancc_e
MPF, IFU, P+ Corporations

’-----

City Climate Fund of Funds (FoFs)

Investment
Fund management Co. & Partners (LP/GP)

Management

Investment
Execution
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Thank you very much!

Dr. Zhuolun Chen

email. zhuolun.chen@un.org

Linkedffiy  https://www.linkedin.com/in/zhuo
lun-chen-412878140/
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