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Clean Energy Transition Research Agenda 

1. Replacing aging infrastructure – Kosovo 

2. Energy storage – game-changing technology?

3. Sustainable, Healthy, and Resilient Transition
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Technology Cost and 
Performance

Sustainable Energy 
Modeling



Life Cycle Assessment
Environment, Health, & 

Resilience





Clean energy transition

To meet this challenge, we NEED:

1) Smart, responsive system

2) Infrastructure that enables 
renewable energy

3) Focus on technology and equity 
(environmental + health impacts)
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Why Kosovo?
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Case of Kosovo
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Existing coal infrastructure in Kosovo
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Sustainable electricity options in Kosovo
Motivation: World Bank plans loan for new 
infrastructure
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Sustainable electricity options in Kosovo
Motivation: World Bank plans loan for new 
infrastructure

Question: Are financially feasible alternatives to 
coal available in Kosovo to provide electricity at 
a lower cost?
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Sustainable electricity options in Kosovo
Motivation: World Bank plans loan for new 
infrastructure

Question: Are financially feasible alternatives to 
coal available in Kosovo to provide electricity at a 
lower cost?

Approach: Develop annual energy supply and 
demand model to compare cost of different 
options
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Sustainable electricity options in Kosovo
Motivation: World Bank plans loan for new 
infrastructure

Question: Are financially feasible alternatives to 
coal available in Kosovo to provide electricity at a 
lower cost?

Approach: Develop annual energy supply and 
demand model to compare the cost of different 
options

Result: Range of alternative technologies exist 
to meet annual generation of 600 MW coal 
plant at lower cost
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Sustainable electricity options in Kosovo
Motivation: World Bank plans loan for new 
infrastructure

Question: Are financially feasible alternatives to 
coal available in Kosovo to provide electricity at a 
lower cost?

Approach: Develop annual energy supply and 
demand model to compare the cost of different 
options

Result: Range of alternative technologies exist to 
meet annual generation of 600 MW coal plant at 
lower cost

Significance: Challenges convention coal is least 
cost option when WB develops lending policy for 
new infrastructure
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Scenario Profile Estimated Cost Average LCOE

Base Case 
(coal)

€1.96 billion EUR €204/MWh
(€184/MWh-
€224/MWh)

Euro 2030 path €1.57 billion EUR €160/MWh
(€150/MWh-
€170/MWh)

Expanded Regional 
Transmission 
Interconnections

€1.76 billion EUR €167/MWh
(€162/MWh-
€172/MWh)

Introduction of 
natural gas 

Solar at €1/W by 2020 €1.55 billion EUR €155/MWh
(€141/MWh-
€169/MWh)

16/44Kittner, N. et al (2016) An analytic framework to evaluate future electricity options in Kosovo. Environmental Research Letters 11(10) 104013.



Base Case and Euro 2030
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Solar With and Without Gas
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Project Partners
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Particulate matter and public health
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Systems-level modeling of energy 
infrastructure
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Trace metals content
Motivation: Kosovo A & B are Europe’s largest 
point source of air pollution

Question: What are the health risks and 
environmental impacts of coal use in Kosovo?

Approach: Life-cycle metric and modeling tool

Trace metal concentration per final kWh 
electricity delivered

Inductively-coupled plasma mass spectrometry 
(ICP-MS)

TM

kWhe
=

TM ∗ 𝑛𝑡 ∗ 𝑛𝑑 ∗ heat rate ∗ C𝑔

Q

23/44
Kittner et al. 2018. Trace Metal Content of Coal Exacerbates Air-Pollution-Related-Health Risks: The Case of Lignite Coal in Kosovo. 
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Trace metal mass balance

𝑀𝑐 = 𝐶𝑐𝐹𝑐 = 𝐶𝑆𝐹𝑆 + 𝐶𝑎𝐹𝑎 + 𝐶𝑔𝐹𝑔
Mass of coal

Concentration of coal

Flow rate
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ICP-MS for trace metal content in coal
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Even with best available technology, coal poses health risks 



ICP-MS for trace metal content in coal

Natural gas may improve 
health risk?

Intermittency remains 
challenge

Development banks consider 
health risks?

26/44

Air pollution-related health risk

Deaths Serious 
illness

Minor illness

Business-as-
usual 3,200 (800-

12,700)

29,000 
(7,300-
88,000)

1,700,000 
(430,000-
6,900,000)

Euro2030

2,000 (510-
8100)

18,500 
(4,600-
75,000)

1,100,000 
(280,000-
4,400,000)

Solar without 
natural gas 1,300 (320-

5,200)

12,000 
(2,900-
47,000)

700,000 
(180,000-
2,800,000)

Solar with 
natural gas 900 (230-

3,600)
8,400 (2,100-
33,700)

460,000 
(120,000-
1,800,000)

Kittner et al. 2018. Trace metal content of coal exacerbates air pollution-related health risks: the case of lignite coal in Kosovo. 
Environmental Science and Technology, 52, 4, 2359-2367.



World Bank Annual Meetings
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