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Agenda / Orden del dia

District energy: concepts, trends, benefits, financing, and city
14:30- Introduction of District Energy Zhuolun case studies
15:15 (Introduccion de la energia distrital) Chen (Energia distrital: conceptos, tendencias, beneficios,
financiacion y estudios de casos urbanos)
District energy mapping & planning: data, tools, integration
with urban goals, and case studies

District Energy Mapping and Planning

15:15— e L , Clara
_ (Mapeo y planificacion de energia (Mapeo y planificacién de energia distrital: datos,
16:00 Camarasa
' distrital) herramientas, integracion con objetivos urbanos y estudios de
caso)
District Energy Implementation: .Denmark's e).(perience?: dis'frict h.eating & coQIing
- Experiences & Lessons learnt in Danmark e ol implementation, p:aswlmg, flnar;cmg, and business
00— P . g evelopmen
_ (Implementacion de energia distrital: S ) SIS 9
16:45 . . . . Duedahl (La experiencia de Dinamarca: implementacion, fases,
experiencias y | .eCC’ ones aprendidas en financiacion y desarrollo empresarial de calefaccion y
Dinamarca) refrigeracién urbana)
Case studies with videos: district cooling retrofits, energy
16:45— Video Sharing & Discussion plalimmg tools, CCHI?, DBOT, and VI.R/BI.I\’/I appllFatlons
. ; All speakers (Estudios de caso con videos: modernizacién de sistemas de
17:30 (Intercambio y debate de videos)

refrigeracion urbana, herramientas de planificacion
energética, CCHP, DBOT y aplicaciones VR/BIM)
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Who AmI?
Zhuolun Chen

* Senior advisor on energy efficiency and green finance in UNEP
Copenhagen Climate Center, Division of Climate Change, UNEP

* An experienced engineers with strong academic research background and
financial skills

* Nominated expert for UNFCCC Global Goal on Adaptation (GGA), Biennial
Transparency Reports (BTRs) and Article 6.2 (Internationally Transferred
Mitigation Outcomes, ITMOs) on carbon trading

* Working across innovative technologies, financing mechanisms (e.g.
carbon market) and business models, to implement green building,
sustainable cooling and heating
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Who AmI?
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Holds PhD in architectural engineering and building science

Over 25+ years of international project experiences and
accredited/chartered skills, worked in 90+ cities of 40+ developed
countries, developing countries, emerging economics and small island
countries (SIDS)

Completed 60+ DH/DC/DHC projects in USA & China in different stages of
planning, designing, constructing/commissioning, operating (as EPC
contractor); Completed 200+ building energy efficiency, HVAC and LEED
design, consulting and operating projects

Accredited LEED AP, Chartered Financial Analyst (CFA) and ESG-
investing

copenhagen
climate centre

ﬂertified Mechanical Engineer (HVAC) in China
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| also would like to know who you are

Please scan the QR and complete the 3 simple questions
También me qustaria saber quién eres Por favor escanea el QR y
completa las 3 simples prequntas

V)
(e9)
[

environment copenhagen
programme climate centre

supportedby @ UNOPS

prUylaiinne



Introduction

Co-chairs

- UNEP Executive Director
Sustainable Energy for All - CEO Accenture
(SEAAN) Sub-Commiuee’s - Minister for Trade and Development

Cooperation, Denmark

RENEWABLE Global Energy f.lﬁ(iru(':\' l'\trdcmvlnr
ENERGY Platform: w scale up efficiency gains and

investments at the national, sub-national and

city levels through technical assistance, sup-

portand public-private sector collaboration

Individual accelerators

focus on specific energy efficiency sectors

* Buildings

* Transport

SUSTAINABLE .
ENERGY :l:gh?ng.'&i: -
FORALL * Appliances & Equipment

BEAT THE HEAT
o Coalition  COOLCITIES AND COUNTRIES PAVE
- THE WAY TO CLIMATE ACTION

Donors:
7N
UN &
environment copenhagen
programme climate centre
gef MINIETEY OF Foazscm Arm
supported by ‘Vi’i) U N O P S GLOBAL ENVI EONMENT FACILITY

KIGALI

COOLING EFFICIENCY PROGRAM

| CLIMATE
SUMMIT 2014

CATALYZING ACTION

#CLIMATE2014
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Introduction

ENSURING DOUBLING THE GLOBAL

DOUBLING THE SHARE OF
universal access RATE OF IMPROVEMENT IN b
TO MODERN ENERGY renewable energy
SERVICES. IN THE GLOBAL

ENERGY MIX.

4*»
WALS
Sustainable cities

& communities

Affordable &
Clean Energy

Global Alliance
% for Buildings and
Construction
SUSTAINABLE\
ENERGY

FORALL
o JuUE o | e J

SUSTAINABLE
DEVELOPMENT "“

GQALS enwronment

programme

DECENT WORK AND
ECONOMIC GROWTH
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Why cities?

HEAT ISLAND IN CITIES
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Why cities?

REPRESENTATIONAL PHOTO - HEAT ISLAND AROUND THE BUILDING

THERMOGRAPHIC EFFECT

India (2024 summer)

.
Ny

environment copenhagen
programme climate centre

environment
programme

supported by (&) UN OoPS



Why cities?

Current status VS. future vision

‘ Heat Absorption o e j"} s
. .
fon eniged

P m Heat

yemioted

Cosootines

URBAN e
HEAT ISLAN EFFECT
EEEECil URBAN HEAT ISLAND
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Why cities?

Regulator: Strategy Planner: Integrated energy
and Targets planning and mapping

Globally, cities represent
*  60% of population by 2030
*  75% of primary energy

demand
S € .E ¥ *  60% of GHG emission
Facilitating Consumers and
Finance Providers,
Coordinators
vironmentt | sgombomen UN&

environment
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Introduction: District energy systems

fan
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The idea of district energy is to have an efficient and

often large-scale production of heating or cooling in a
centralized plant.

% Electricity

Distribution
Infrastructure

Most times the heating or cooling is
ﬁﬁ ‘f co-generated with electrical power, which yields a
F—a very high efficiency utilisation of the energy input.
|

ized Community
nd Cooling Plant

The district energy system is unique in the way that it
lends itself to an endless range of fuels — it is in other

T Residential .
— words a multi-fuel energy system.
Thermal Storage

'E:
A: Frrey %E B8

Any energy source, renewable, present or future

can be used in the District Energy system

=y
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Introduction: District energy systems

'CONNECTING ~ _ v % District Energy Systems:
RENEWAF INCINERATION

2z District Energy Systems can: » Are defined as public service

* Utilise sustainable technologies i ¢ Includes district heating, cooling and
that may not be economic viable ¥ — domestic hot water

in single buildings
* Integrate renewable energy, waste heat,

* Improve regional energy ' free cooling etc.
efficiency and air quality :

INDUSTRIAL D

Modern district energy is considered
as key to renewable and efficiency in
smart cities

SOLAR THERMAL
CONNECTED TO
DISTRICT HEATING

[ i

¢ e

\‘.',‘v p
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Introduction: District energy systems

WASTE CONNECTING

CONNECTING —
INCINERATION g SOURCES OF

RENEWABLE
ELECTRICITY
I ERATION

CONNECTING CONNECTING
COMMERCIAL RESIDENTIAL
CUSTOMERS

CONNECTING
INDUSTRIAL DEMAND

CAPTURING WASTE HEAT FROM || - ABSORPTION CHILLER COMBINED HEAT AND

SOLAR THERMAL
CONNECTED TO 1 SEWAGE AND WASTEWATER | CAPTURING POWER (CHP) PLANT

| WASTE HEAT

District energy systems for heating & cooling

78
UN&
environment
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Efficiency/Supply Temperature

Technologies:

Integration of multi-sector energy systems

> 5% Generation of DH (5GDH)
> 4% Generation of DHC (4GDHC)
» DH & DHC combined system
» Smart energy for smart cities

5GDH Energy network development stages

st
A M
Z

o EQ
X
L7
BEH

ure level

Energy efficiency / Temperat

EFRIGERATION ZbU‘. EU)NUMY OF SCALE

L
1GDC / 1890-1910 2GDC/ 1960-1990
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Introduction: District energy systems

L
Sea water /
Solar heat Electricity i | e Customer ETS
L i
Waste heat \ ' / Sewage water ik Bl Storage

——
Rivers & lakes \ Sourcmg Producuon L i
\ - I
B ]

jen JCCco

[%
i T g
' Dlstrlbutlon I ' — CustomerETS

Distrlct energy aims to use local energy sources that otherwise would be wasted or
not used, in order to offer for the local market a competitive and high-enerqgy-
efficient alternative to the traditional heating and/or cooling solutions.
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A\ \ \ \ \ NEB N
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What is district heating?

* Video 1: Different types of sustainable technologies in district heating systems
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Introduction: District cooling in C|t|es

Definition of District Cooling:

» A system to combine heating/cooling station
and end-users through pipeline network

» Belongs to public service, similar to electricity,
water, gas etc.

» Cooling sources could include waste heat,
electrical cooling, free cooling etc.

» Targeted customers: industrial/process
cooling (warehouse, data centre), city complex,
public buildings (hospital), commercial
buildings, luxury residential buildings

(@)
Ny
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What is district cooling?

* Video 2: Commercial district cooling system in Guangzhou, China
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Why district energy system?
Multiple Benefits to Meet Multiple Goals

St. Paul, USA launched 'smart city
Reduce 275,000t of coal Reduced mission' as their national policy,
annually, SO, emissions reduced GHG and promised to reduce CO2 by
by 60% US$12 million in energy Green EMISSIONS 50% in selected smart cities as
dollars kept local ec‘;rr‘]‘;my their National Determined

resilience Commitments (NDHC)

Multiple
Local, Benefits

free and Cities develop

Paris uses river water for cooling RE DES to achieve a

and saw reduction of 50% in primary

Sources variety of Recycling waste heat saves
energy consumption; 50% CO,, 90% objectives 655}800,?“ CO. reductions
in hydrofluorocarbon emissions; ann,uall while ; 5o displacin
65% in water consumption Reduced cost of A, opiacing
blackout i 1.4 million barrels of oil.
UN A s/ grid —
Wy
L stress - e
; efficiency ooling 7y
t copenhagen \\ix"y\‘
;Ir]gglg%mnsg clir':1at2 cgentre and UN wad
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Multiple benefits of district energy 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.

Odense Dota Center: Heat ecovery Process

Vs \
/COGENERATION WIND 3
/

¢ Waste Heat recovery from Facebook Data Center in

Odensee ( Denmark)

INDUSTRIAL
SURPLUS ENERGY
\

\
\

~
~

WASTE-TO-ENERGY ~ ~

GEOTHERMAL

U N \VZ“"‘T} Waste to energy Issy les Moulineaux( France) Geothermal DH plant Gentilly( France)
D L
= £y
H Y
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Why district energy system?

Key to Renewables & Efficiency in Smart Cities

100
80 S
60 S
40 —
20 —_—
@
= 2010 2018
RE Share
o
RE —
increased

UN@ | by75%
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District Energy project examples

Commercial Potential:
* Facilitate cities and/or municipalities break down their long-term goals of air pollution reduction,

energy efficiency enhancement etc. to on-ground building energy efficiency and district energy

projects

* Develop district energy projects with different investment requirement, capacity/size and locations.

* Through different stages of tech-eco analysis, make sure the projects developed are bankable and
with reasonable profit for private sector investors. '

r Y e
7
2
. »
: P
E
J £
£
3 E
- ;A

2
3
Fan |
=
= l‘l .
= Ik
DISTRICT HEATING DISTRICT COOLING DISTRICT COOLING DISTRICT HEATING
Waste heat Trigeneration
Investment Investment Investment Investment: Investment Investment:
I/ n M Uss1.8M US$50M US$16.4M uss2zm US$187.5M UsSs$715M
A "V IRR: 13% over 50 years IRR: 11.7% over 30 years IRR: 21.1% over 40 years IRR: 6.25% over 25 years IRR: 14.5% over 20 years IRR: 8% over 20 years
‘* Xy
2 Payback: 7.6 years Payback: 8.2 years Payback 6.1years Payback: 14 years Payback: 6.7 years Payback: 10.8 years A
environment copenhagen Annual R Annual R Annual R Annual R Annual R \\""
programme | ciimate cente g - e e - e
! environment
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supported by @ UNOPS SAN PEDRO CYBERJAYA THANE proeces  BANJALUKA,  MEDIN ZHUHAI
Bosnia and Y a China
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Technologies:
Integratlon of energy planning to city master plan

A Table A 3: Criteria aggrregation parameters derived for Scenario A
Input Factor weight Trade-off degree Decision risk level
F1 - SBufficient cooling demand 0.25 I
MCE 1 - ) g | - full erade-off medium rigk
F2 - Bufficient heating demand 0.75
F3 - Access to free cooling sources 0.30
MCE 2  F4- Unlock solar energy potentials 0.20 no trade-off low risk
F5 - Access to excess heat sources 0.50
Legend
N F6 - Utilize existing DES networks 0.50
F7 - Minimize heat losses D0.15 A . .
MCE 3 o e R ) - full erade-off medium risk
F& - Reduce capital expenditures 0.25
Fo - Target mixed land-use 0.10
01 - Satisfy local enerry demand 0.20
Vs & MCE 4  02- Integrate local energy sources 0.30 full trade-off medium risk
TR L T 03 - Enhance cost-effectivencss 0.50
Decisie suppors infarmon 1 T 3 4 ] 3
Ann L35 km® 076 km? 166 km® 138 km® L41 km* 093 km?
Member of buildings %50 2 451 34 o 155 13918
3 Amnusl moling demand 10179 MWh £ 140 MWh £ 610 MWh A 976 MW T 373 MWh 173 713 MWh
- Aznusl hesting demand 115 L35 MWh 72277 MWh K3 963 MWh EBL 426 MWh 314 B0 MWR 213 955 MWh
Awiroge teal suiahiksy scom na3 L8l o 176 LT 7
Fange in Nmal mieskiliey soore a1 L4y o 56 na iz
AwTEgE Bitebility soore for Gl 08z uFT 56 s L 07E
‘20,7 '\"‘"":‘_ i Avermge muicehilioy soone: for 53 030 LG8 063 ILET [} 58
5 = AwTERE Bitsnility soore for G om 183 a9 o7 o o7
U N . % oY : E Instisl invsemens 113 MEUR 1.95 MEUR 296 MEUR 1686 MELSL 547 MEUR 197 MEUR
= LN e - - Emisson reducoons 4 Mooa COy/sesr 27 Moo Clyfvesr 51 Mmn Clgivesr 229 Mo OOy/sesr 116 Moon ©Oyfvear 135 Mion OO0y fvesr Fay
environment ‘ copenhagen v N A"&
programme climate centre Heating & Cooli ng amvironment
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Technologies:

Integration of energy planning to city master plan

Energy demand assessment

Network Assessment

Energy centre: central plant
options

Economic assessment

7N
UN &
environment copenhagen

programme climate centre

supported by (&) UN D PS

What is each building’s cooling/heating
and electricity demand?

What buildings should we connect?
What is the optimal route for the piping?
What is the preferred location for the
energy centre?

What technologies are viable options to
produce cooling/heating in this area?
What is the size of the plant required?

Does the project overcome the hurdle rate?
What is the project’s net present value?
What is the project’s internal rate of return?

W
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Technologies: . .
Integration of energy planning to city master plan
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District heating and cooling projects implementation

by UNEP

*  Working in over 62 cities of 25 developing countries and emerging economics since 2016.

* The purpose of our work is to unlock investments from private sector for district energy systems through pilot

projects/demonstrations.

COLOMBIA *
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District energy project development procedure

7N
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(existing energy and climate policy objectives, strategies
& target & identify catalysts

N\

(or develop the institutional multi-stakeholder
coordination framework

DC into national and/or local energy strategy and
_planning

\.

local energy demand and evaluate local energy sources

\

\.

7

relevant policy design considerations

J

\.

, project pre-feasibility and viability

J

\.

business plan

\.

7

procurement options

J

\.

finance

J

J

7

measurable, reportable and verifiable project indicators

\.

4

J

R

* DISTRICT ENERGY
. INCITIES

cax AL Uy?lNM_l"“

Source: District Energy in Cities. Unlocking
the Potential of Energy Efficiency and
Renewable Energy
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District energy project development procedure

e Local energy source: free cooling? Waste heat? Renewable?
Geothermal?

Mapping

. e Demand: Industrial or space heat/cool? Reliability
& plannlng e Short/medium/long-term development plan

» Potential connection-encouraging policy
® Rapid assessment: narrow down potential zones,
possible tech solutions, economic payback and
environmental impacts

e Combination of technical solutions for high efficiency,
reliability and economic viable
¢ Potential incentive policies

o0 ® Business model
00 e Guidelines and standards
ag (Design, MRV etc.)
EE e Financial support mechanism
v (Bankable projects)
= +v
= )9 Scale up from demonstrations/pilot
environment | coommcar projects to other learning cities/projects by
programme clilgmte cgentre . =
environment
supportedby G5 UNOPS

programme



District cooling project development procedure

Deep dive assessment: integrated tech
solutions for bankability & environmental
benefits

Light touch w/
municipality &
stakeholders

Rapid assessment for
potential tech solutions,

policy gaps and scenario for
energy & GHG savings

1
1
1
1
A Pre-feasibility :
UN & . ! e
. Fany
environment | copenhagen i I U N ik
programme climate centre 1 : j
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What are the challenges for implementing district energy projects
in cities of developing countries?

q‘m Lack of local capacity
lﬁﬁu/[] Lack of data
Design marketable, investable or bankable projects

Bridging the gap between the regulatory level and ground level

m Long-term support to local authorities

Communication and awareness raising

—F Standardisation and transferability

environment
programme
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What are the financial barriers in new markets?

- Building energy efficiency projects and district energy system projects
needs more time (normally 5-7 years from beginning or more) for the
demand to grow, and the benefits become steady and secure
afterwards.

« District energy systems are cheaper over the long term, with 90%+ of
costs related to operation & maintenance. Large savings are potential
with short payback periods during operation.

- Higher upfront cost of district energy technology (competing against
cheap and inefficient tech), with lower life-cycle cost when
considering the financial benefits on operation.

programme climate centre .
environment
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How to develop and implement district energy projects in
cities of developing countries? — Key Tri-angle

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

Rumﬁt Combining suitable incentive policies, business models and cost- UN&
copenhagen . . . . Wy
programme 1 amaccene affective technologies can accelerate the implementation of carbon environment

programme

wereredtr UNOPS neutral communities and scale up after demonstration.



How to implement district energy systems
-Innovative Business model: Cooling as a Service (Caa$)

N

73
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Greenfield Developments
DC systems incorporated in the project

Planning

Execution

Fully
Funded
Solution

Reliability
Centered
Operations

copenhagen
climate centre

@UNOPS

» Optimum capacity as per load profile

» Vendor agnostic sourcing — procurement
synergies

* Reduced capex costs

+ End to end project execution

+ 100% HVAC investment (upfront and lifetime)
under long term concession structures -
yearly fixed payments for concession tenure

» Cooling agreements are 20-30 years

* KPI/SLA based operations at guaranteed
efficiency

* 15-25% reduction in Opex

Brownfield Developments - existing cooling
systems divested, and Cooling-as-a-Service

Liquidity

O&M
optimization

Fully
Funded
Solution

End to end
operations

» Cooling assets acquired using a concession
structure — future cash flow-based valuation model

« Digitization and asset optimization;
« Efficiency improvement

+ All retrofits, snags, periodic enhancements etc.

taken care of - yearly fixed payments for
concession tenure

» Cooling agreements are 20-30 years

* Reliable HVAC operations at guaranteed
efficiency; single point of contact for all
cooling services

Cany
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How to implement district energy systems

-Innovative Business model: Cooling as a Service (CaaS)

UN &
environment
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Investor
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Payment
from sale

Investment

Repayments

CaaSs service

Technology Provider maintenance, and pay
electricity
I N N N .- *
I Equipment 1
| service contract |}
Payment
I sale of I Y

f .
4 equipment ; or service

Cooling Equipment CaaS Contract
-

eeee——

Caa$ payment
(S per unit)

Insurance 1 T Payment guarantee in
payment event of default

Guarantee provider

Provide cooling equipment, ,~

Contract 1
Customer 1

Contract 2
Customer 2

Contract 3
Customer 3

o
[ . %]
¢ ¥
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City Climate Fund — Qingdao, China (2021)

-
GREEN
CLIMATE

I( F\V UNEP CCC+DENA:

FUND Support KfW to
. develop IPS
Sovereign Loan Loan 100M USD Sovereign Loan Promotion Loan
100M USD 70M EURO 100M EURO
l UNEP CCC:
Support
. - Green
Municipal Development Fund Private investment Asset Mangement Shandong Qingdao Green Investment Investment
(LP, 25%) (LP, 34%) (GP, 0.1%) Fund (LP, 40%) Fund to draft
investment
pipeline

. Direct investment for
¥
U N { green infrastructure

environment | copenhagen
programme climate centre

supportedby &) UNIOPS

Qingdao City Climate Fund

SPVs for eco industrial SPVs for sustainable

parks

waste, water

SPVs for retrofitting
projects, e.g. RE, projects, e.g. BEE, green

2/3

building

UNEP CCC: Support Ciy Climate
Fund to assess pre-feasibility of
sustainable projects, develop
disclosure framework for projects’
GHG emissions and M&V for scope

~——r—r
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District Heating REIT of Jinan City Energy Group (2025)

* First REIT on district heating as municipal public service
infrastructure in China

* Moblized 900m RMB (125m USD) as REIT issued through Shanghai
Stock Exchange in Feb. 2025

* Knowledge sharing through Sino-Danish Clean & Sustainable
District Heating Virtual Knowledge Center with the city-own utility
since 2021

* UNEP Disrict Energy in Cities Initiative, UNEP CCC and Danish Energy
Agency supported Jinan city (pilot city of GEF-6) for long-term
district heating planning, technical & financial assessment of
potential sustainable district heating retrofitting projects as well as
heat-pump-based district heating & cooling new projects since 2018

e UNEP CCC supported Jinan city for detailed sustainable technologies
implementation plan & financial investment pipeline/IPS since
2021
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Carbon credit & carbon trading in district cooling

Major challenges =~ Recommendations e 2023 UN GlObal
Climate Action
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From seven pilots to national emissions trading program
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Carbon credit & carbon trading in district cooling

* Methodology standard development for carbon credits

» Business-As-Usual (BAU) scenario: normal centralized cooling systems in standalone
buildings

» District cooling scenario

» Carbon reduction calculations

¢ Direct reduction of GHG emission in DC: refrigerants with low GWP

“* Indirect reduction of GHG emission in DC: electricity & water consumption

** GHG emission in value chain (Scope 3): Construction-Commission-Operation &
Maintenance
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Carbon credit & carbon trading in district cooling
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Planning and Construction of 10 cooling plants
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Carbon credit/CCER/ITMOs & carbon trading mechanisms in
district cooling

= e il

1 | 2022 F/ RSN SEEANBRE I BE Quax’ 14333%10%kW
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5 | KESTEESI100%0E T eSS NN 17760 kW
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‘District cooling carbon credit methodologies’ for AR6.2 ITMOs & AR6.4

In discussions with JICA(Japan) and MAS (Singapore) for adapting as JCM/ITMO method
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Thank you very much!

Dr. Zhuolun Chen

email: zhuolun.chen@un.org
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Video case 3: Next generation of energy planning tool for
cities/states/provinces: GIS+LCA

* To support policy decisions in city-level sustainable development plans

* To link projects with priority ranking in investment to the city climate fund
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Video case 4: District cooling for brownfield retrofit

* Using district cooling system to retrofit brownfield projects with shopping malls,
high-rising commercial office buildings and luxury hotels (photoes in 2014/2015)




Video case 5: One-stop solutions for heating, cooling and
power

* The Combined Cooling, Heating and Power (CCHP) system solved the districts’
development energy bottle neck

 State-owned EPC & utility operator — SPIC, provided one-stop solutions for long-term
support of sustainable development for the island of Hengging, Zhuhai
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Video case 6: Implementing district cooling with green
buildings from planning stage

* Design-Build-Operate-Transfer (DBOT) model for Shenzhen and Hongkong district
cooling projects

* Government agency of EMSD Hongkong: the first district cooling regulation in 2015
(three readings since 2013)

* Included District Cooling as one of the key mitigation technologies in the Biannual
Transparency Report (BTR) to UNFCCC
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Video case 7: Virtualization for DHC
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Open discussion: Anything you want to discuss with the speakers

Discusion abierta: Cualquier cosa que quieras discutir con los ponentes
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Thank you very much!

Dr. Zhuolun Chen

email: zhuolun.chen@un.org
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