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EnerKey – Module M 1

Integrated Energy and Climate Protection Modelling

Reality

Model ScopeModel Scope
Model

Structure

Mathematical
Description;
Set of Calcul.

P P
O P

Q P

BHKW S BHKW Coal BHKW

BHKW CO Coal BHKW

BHKW H BHKW Coal BHKW

_ _

_ _

_ _ _

= ⋅

= ⋅

= ⋅

η

ε

η
2

2

Software
Tool

Model
Results

0

10

20

30

PJ

1990 2000 2010 2020

Household
Transport
Industry

Johannesburg, 26. June 2008

Ajay Trikam & Uli Fahl



Ajay Trikam & Uli Fahl 26. June 2008Modelling and Integration

EnerKey

Module M 1 – Objectives and expected results

Objectives:

1. To develop an integrated energy and climate protection concept with the help 
of an integrated energy system model (TIMES) for Gauteng City Region

2. To develop and implement a megacity energy optimising model (TIMES 
modified) to show the feasibility and practical use of model tools and 
planning instruments

3. To collect and evaluate data within adapted energy optimising models
4. To develop a common platform of strategies and measures for the integrated 

energy and GHG mitigation concept for the JET cities 

1. Establishment of a solid data base 
2. Development of a priority list of strategies and actively implementable measures  
3. Modified TIMES version by integrating existing and newly generated (by this 

project) knowledge
4. Implementation of the TIMES-JET model at UCT, IER and at the 3 JET cities

Expected results:
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Work and tasks of Module M 1

Work packages:
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WP1:Data Requirements and Data Provision
Task 1: Energy and Emissions inventories / balances for the JET cities and in comparison 

for Stuttgart
Task 2: Structures of demand categories: Building registry, urban district patterns, 

transport patterns, …
Task 3: Scenario drivers
Task 4: Energy Technology Data Handbook
Task 5: Data base on policies and measures
Task 6: Development of a Data Management Concept

WP2: Ways of Representing the Local Energy System
WP3: Model set-up, scenarios and model runs

Task 1: Model Calibration
Task 2: Model Runs
Task 3: Results Interpretation

WP4: Development of strategies for an integrated energy and GHG mitigation concept
WP5: Contribution to Module 7 “Implementation”: Capacity building by TIMES training 

courses, students exchange and model implementation
Task 1: Students Exchange
Task 2: TIMES training courses
Task 3: Implementation of the TIMES-JET model in South Africa 
Task 4: Energy Management Conferences in Germany
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Experiences from
Implementation Projects

CDM 
Transaction
Costs

Technology Data Handbook
Reserves & Resources
RE potentials

Transport pattern
Transport demand
Vehicle population

Vision & Goals
Socio-economic drivers
Policies & Measures

Module 1
Energy and emission balances

Model input data set
Model results

Information flow
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Module 3

Module 4

Module 5

Module 6

Module 7

Module 2

Building register
Useful energy demand
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Other data 
sources 

(ESKOM, Cities, 
Province, 

Statssa, …)
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Objective functions in energy system models

• Objective in energy system models is typically minimization of total 
discounted costs of the energy system over the entire model horizon 
(clairvoyant) or only for a few periods (myopic).

• Policy goals (e.g. emission reductions, renewable share, supply security) 
are formulated as additional constraints that have to be fulfilled. Sensitivity 
analysis on the levels of the goal (e.g. emission target) gives insight in the 
trade-off between different objectives. Instead of varying the goal, one can 
use a penalty cost associated with the non-achievement of the goal (e.g. 
CO2 tax). 

• Alternative objective functions in TIMES: Recently introduced new feature 
allows the minimization of other functions than costs. Possible to optimize 
the weighted sum of different goals (similar to goal programming). Related 
to this is the possibility to put bounds on the cost variables of the cost 
objective function, e.g. to limit the capital available for new investments in a 
sector.
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Example: Investments and CO2 Mitigation potential (Stuttgart)

Investments in [Mio. $] CO2-Mitigation to 2020 [1000 t]
-65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

Complete retrofit of  10.000 m² building floor / a over 5 years

CHP for a swimming-bath

Biogas CHP for a hospital instead of Gas CHP

New water system for a swimming-bath

Installation of a shower water preliminary heating system in all swimming-bathes

Insulation of City hall

Insulation of public buildings

Retrofit of School Buildings

Improved lighting systems in munic. buildings

Use of CHP-Units

Solar Water Heaters

Improved stoves

Green electricity 25% share

Biogas plant (650 kW)
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Example of results: Evaluation of DSM measures
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3 Demand Side Management

3.1 Accelerated Aerated Showerheads 
Replacement

3.2 Household Cooking - conversion to 
LPG

3.3 Solar Water Heaters
3.4 Intensive Awareness Programme
3.5 Residential Time-of-Use Tariffs

3.6 De-marketing of Residential 
Cooking Load to Gas

3.7 Traffic Lights
3.8 Public Lighting
3.9 Hospitality Industry
3.10 Revision of EEDSM Policy
3.11 Pro-poor Cost Reflective Tariffs
3.12 EIA Fast-tracking

L Limited Y Yes

CO2 reduction
(longterm)

PriorityExpenditure
City Administration

Competitiveness
Investor
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Module M 1 – Project Phases
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IEP

Individual Tasks
Eg modal shift

Segments 
represent 
Modules eg
transport
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Module M 1 – Project Planning – 18 month
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M1 - Deliverable list and time planning start date: June 2008 = summer- (D) / winter- (S

J J A S O N D J F M A M J J A S O N D

year 1 year 2
WP Deliverable name due month resp. 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 Energy and emission inventories for the JET
cities and for Stuttgart 6 / 9 / 18 / 28 / 38 / 47 / 57 IER X X X

1 Data Management Concept 6 / 14 / 29 IER X X
2 Reference Energy System 8 / 18 / 27 / 45 / 54 IER X X
2 Modification of TIMES 8 / 15 / 31 / 52 X X

4 Scenarios for the Working group sessions (M2) 8 / 20 / 35 / 50 IER X

4 Scenarios for the Stakeholder process (M2) 8 / 29 / 32 / 58 IER X

5 1. Students Exchange – SA 8; 9 IER X X
5 TIMES Training Course 1 – UJ 9 IER X
1 Workshop “Energy and Emission Inventories” 10 IER X
4 Scenarios for (sectoral) Workshops (M2) 10 / 15 / 29 / 44 IER X X
1 Structures of demand categories 14 / 45 IER X

2 Load curves for transport and hot water
demand 15 / 26 / 54 IER X

3 Baseline Scenario – first version 16 IER X
5 TIMES Training Course 2 – Germany (UJ) 17 IER X
5 2. Students Exchange – Germany 17 + 18 IER X X

5 Conference “Energy Management in Cities” –
Germany (Stgt.) 18 IER X

2008 2009

2004/05 2006 2007
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Module M 1 – Current resolutions
1. Model refinement 

• Inclusion of Middle Class Households, Schools and Administrative
Public Buildings

• Time horizon and timely resolution – annual up to 2015, every three 
years up to 2030
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2. High Level Energy Information Sharing Agreement is necessary
3. Defined Module Management Communications between ERC and

IER every two month
4. Proposed Members of the EnerKey Module Team (EMT) 1

• Representatives of the JET Cities
• Gauteng Department of Local Governments
• DME (Energy Planning & Electricity & Hydrocarbons)
• CSIR Built Environment – Regional and Urban Planning
• ESKOM &  SANERI  &  DBSA  &  UJ

5. Next Meetings of the EMT 1
• September 2008 (Data Handling + Model Structure)
• November 2008 (Energy Balances)
• January 2009 (TIMES Training Course in SA + Stakeholder Process)
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Thank you for your
attention

www.enerkey.info

EnerKey


