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OUTCOME

OUTCOME

Strengthened skills of the public sector actors and operators of public financial support schemes to 
address the investment challenge of meeting 2030 energy and climate targets in Germany, Latvia and 
Czechia. 

These actors will be […] more able to quantify the 2030 investment challenge, […]
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OUTPUT I

Skills for preparing and using […] the Energy and Climate Investment Gap and Need Analyses 
(INGA) are developed in Latvia and Czechia based on CEIM and INGA prototypes for at least 
two sectors per country, drawing heavily on corresponding analysis in Germany
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Indicator I.1:

The energy and climate investment gap and need analysis (INGA) at national level developed for at least 

two sectors per country for Germany, Latvia and Czechia

Target value and planned date of attainment:

DE: 1Q2019 (1 INGA-related review at national level)

CZ: 4Q2019 (1 INGA at national level)

LV: 4Q2019 (1 INGA at national level)

Means of verification:

INGA reports (each min of 20 pages)
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Activity I.1 Initial and final workshops and Activity I.2 Monthly teleconferences on the ongoing work on CEIM + 
INGA

Activity I.3 Tracking and investment need assessment methodology development

Activity I.4 Literature Review and Activity I.5 Expert Interviews

Activity I.6 Draft CEIM and INGA development

Activity I.7 Peer-reviews of CEIMs and INGAs, preparation of final versions
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In summary:

WP I is implemented through a learning-by-doing approach and will draw heavily on […] the review of INGA-
related experience in DE. The implementer transfers its expertise and knowhow to the target countries with help 
of the implementing partners

KEY � Contributions to Output III (O.III):

Knowledge transfer, networks, and training platform established through national workshops and regional workshops 
in Latvia and Czechia, online source platform, and feedback loops to international and European dialogue



Study

Building bocks

Model-specific output featuresLabour markets, 
financial markets, 

trade

Energy 
markets

Technologies 
/ Innovation 

needs 

IRENA (2015) Exogenous
Exogenous
(scenarios)

REmap
Supply substitution cost curve.
Current cost of technologies (no LR).

IEA (2017) Exogenous WEM REmap
Energy flows by fuel, investment needs and
costs, carbon dioxide (CO2) and other energy-
related GHG emissions, and end-user prices.

OECD (2017)
Yoda model + 
Oxford GE model

Oxford GE 
model

-
SR and LR economic growth, potential output.
GEM enables sector-level analysis.

BCG (2018) Input-output model
Exogenous
(scenarios)

Bottom-up
aggregation of
information

Sectorial cost-efficient and low-carbon
technologies and investment needs.

EC Impact
Assessments (2017)

All the economy is modelled endogenously
Investment needs figures and detailed
assessment of relative economic impacts.

CPI
Endogenous
import/exports
factors

WEM + 
additional 
features

Exogenous
Financial cost of stranded assets (present value
of expected investment gap)
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OECD 2017 Yoda Model 

SEMI-STRUCTURAL MACROECONOMIC MODEL 

INPUTS 

- Current state of economies (position in the business cycle)

- Structural variables (ex. hysteresis, impact of credit risks premium faced by governments on public debt)

- International dimensions

1. Innovation � captures increase in R&D spending necessary to reach a 2°C scenario (50% scenario) and equivalent 

to 0.1% GDP (66% scenario)

2. Regulatory setting � captures the reduced costs of the transition in a more flexible regulatory environment. 
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OECD 2017 Oxford Global Economic Model 

INTEGRATED GLOBAL (MACROECONOMIC) MODEL

“Most commonly used globally integrated economic model” 

Captures: 

- economic cycles in the short run

- supply side factors in the long run.

INPUTS 

- trade volumes and prices

- competitiveness (labour supply)

- interest/exchange rates

- commodity prices

- capital stock (SR) and capital flows (LR) 

- technological progress (LR) 
10

Break down of GDP into 12 high-level sectors  

1. manufacturing and industry services

2. energy sector (oil, coal and gas) is extensively detailed 

for the major economies



ITERATIVE ENERGY SUPPLY AND DEMAND MODEL

- Electricity consumption and electricity prices dynamically link the final energy demand and transformation sector

EXOGENOUS ASSUMPTIONS

- economic growth

- demographics 

- technological developments

INPUTS

- Demand-side drivers (estimated econometrically)

- Technology cost projections 

- investment costs, O&M costs, fuel costs and CO2 costs

- learning rates from the literature

- Average end-user prices
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IEA World Energy Model
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Determinants of final energy demand

IEA World Energy Model

Drivers

- Socio-economic variables 

- End-user prices 

Activity variables

and related energy 

services

Technologies 

that satisfy specific 

energy services
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EXAMPLE: BUILDINGS ENERGY DEMAND 

IEA World Energy Model
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IRENA 2016 REmap

TECHNOLOGY SUBSTITUTION COST MODEL

Technology cost difference per unit of final energy consumed if one replaces conventional energy technologies assumed to be in

place in 2030 in the Reference Case with renewable energy (RE) technologies.

Technology cost-supply curve (business perspective)
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� Emissions targets:

� - 55% GHG emissions compared to 1990

� Energy demand (TFEC)

� Reference Case: TFEC will decrease yearly to 7.7 EJ in 2030 constrained by emission targets

� REmap: TFEC will decrease yearly to 7.6 EJ in 2030 ( reformed Erneuerbare-Energien-Gesetz � accelerated renewables 

deployment)

� Emissions from energy consumption as share of the carbon budget

� Reference Case: Renewable energy share of TFEC can increase to 30%

� REmap: Renewable energy share of TFEC can increase to over 37% through higher uptake of renewable technologies in 

end-use sectors

IRENA 2016 REmap

ASSUMPTIONS / INPUTS
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IRENA 2016 REmap

ENERGY SECTOR
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Energy 
Demand

Emissions 
Target

Total GHG emissions = Energy Demand (kWh) * Emissions intensity (GHG Emissions/kWh)

Emissions Target � Energy Efficiency (E.E.) lever + Decarbonization of Production (R.E.) lever

R.E. 

R.E. 

R.E. 

R.E. 

E.E. 

Today
2030

Scenario 1 Scenario 2 Scenario 3
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IRENA 2016 REmap

ENERGY SECTOR,  ASSUMPTIONS REmap 2030

Scenario 2030

• Total power generation declines from 630 TWh per year to 600 TWh per year in 2030

• Exports to neighbouring European countries increase from 18 TWh per year to 44 TWh per year in 2030 

Policies 2030

• Reformed Renewable Energy Act (Erneuerbare-Energien-Gesetz)

• Carbon price of USD 40 per tonne of CO2 by 2030 passed through to all fossil fuel consumers

Technologies 2030

• Renewable energy technologies
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IRENA 2016 REmap

TRANSPORT SECTOR
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IRENA 2016 REmap

TRANSPORT SECTOR,  ASSUMPTIONS REmap 2030

Scenario 2030

• 10% growth in biofuel use (motor fuel and aviation fuel)

• Crude oil price = USD 120 per barrel

Policies 2030

• Lower taxes and/or CO2 price (increase the competitiveness of biofuels)

Technologies 2030

• Deployment of 6 million electric vehicles (EVs)

• plug-in hybrid vehicles,  battery-electric vehicles  and  light-freight vehicles

• EVs cost is slightly higher than internal combustion engine vehicles, even though battery costs will have declined

• EVs are twice as efficient as internal combustion engine vehicles 

� low contribution to total renewable energy share
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IRENA 2016 REmap

RESIDENTIAL AND COMMERCIAL BUILDING SECTOR
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IRENA 2016 REmap

RESIDENTIAL AND COMMERCIAL BUILDING SECTOR,  ASSUMPTIONS REmap 2030

Scenario 2030

• By 2030, 10% share of new buildings in the total stock

• By 2030, 30% renovation of the existing building stock (2% per year)

� 40% of the heat demand of all buildings can be supplied with renewables 

Policies 2030

• Buildings renovation target of 2% per year

Technologies 2030

• Space heating: 

• heat pumps,  pellet boilers and solar water heaters 

• Cost-competitiveness depends on expensive biomass (supply of bioenergy feedstocks is reaching its limits)

� positive substitution cost.
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IRENA 2016 REmap

INDUSTRY SECTOR
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IRENA 2016 REmap

INDUSTRY SECTOR,  ASSUMPTIONS REmap 2030

Scenario 2030

• By 2030, industry’s renewable energy share can increase to 

• 14.4% (31%) excluding (including) electricity and district heat

Policies 2030

• Free allocation of carbon allowances

• EEG policy

Technologies 2030

• Renewable energy technologies other than biomass 

• geothermal, solar thermal and heat pumps

� potential of 3% of the sector’s total energy demand

• Electricity-based heating and cooling (lower cost than end-use market prices)
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IRENA 2016 REmap

� Capital cost projections and learning rates � Source of data: literature 

� O&M cost projections � Source of data: National statistics / IRENA / IEA

� Technological performance and capacity constrains 

� Deployment level reflects the rate of deployment for onshore wind (2.5 GW per year) of the reformed Renewable 

Energy Act (Erneuerbare-Energien-Gesetz)

� Opportunity cost? 

Cumulative value of installed capacity in 2030 (REmap)

Power capacity 72.3 GW 

Electricity generation 160.0 TWh

TECHNOLOGY ASSUMPTIONS / INPUTS

Example:  Wind (onshore) technology
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� Business perspective � Government perspective

• Energy taxes/subsidies

• CO2 price 

• National cost of capital (6% for Germany)

• Energy taxes/subsidies

• CO2 price 

• Standard discount rate (10%) as cost of capital 

IRENA 2016 REmap
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DYNAMIC INPUT-OUTPUT MODEL 

- Direct energy demand and indirect energy demand

INPUTS

• interindustry transactions

• 72 economic areas

• business capital and labour demand, 

• wage and price dynamics, 

• technological progress, 

• production capacity and many other variables are modelled separately for each industry. 

• RoW environment is provided by Prognos AG's global economic forecasting and simulation model. 

BCG 2018
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BCG 2018

ABATEMENT COST CURVES

- Bottom-up aggregation of information

- 200 experts

- Discussion of existing findings, new 

approaches to reducing emissions, 

assumptions, technology potentials, 

costs, opportunities and fields of 

action.



European Commission 2017
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DISCUSSION (I)

What can we learn from the different models/ 
tools/approaches?

� How to use these models’ outputs for national 

analysis? 

� What are other models already available?

� Sector-specific models

� National-level models for Czech Republic, 

Germany and Latvia 

� Are there „model gaps“?

Corresponding project deliverables driven 
by client needs

� Do ministries assess investment needs internally (and 
have or build their own modeling capacity) or by 
contracting studies/assessments? 

� Model overview and characterisation useful in any case

� Trainings for using models …

� … or rather workshops, webinars and self-standing 
slide decks to understand which models (etc.) are 
available and can be put to which specific use or 
address which specific knowledge gap or policy 
question
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DISCUSSION (II)
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What do governments need from an investment needs and gap analysis?

� What are the 2030 target gaps (GHG, other Energy Union targets)?

� Translation of target gaps into action gaps; which role for (increasing) investment?

� Where are the gaps? Public, private (households, corporates), in which sectors?

Toward capital raising strategies:

� What causes the gaps? Barriers and drivers

� Which barriers and drivers can be addressed by policy?

� Where to focus public financing?



THANK YOU!
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ANNEX
DESCRIPTION OF THE STUDIES
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IEA WEM



Determinants of energy supply
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IEA 2016 WEO model 

EUKI CIC2030 CARLOTTA PIANTIERI TELEKO, 16 NOV 2018



Final Outputs

Intermediate Outputs

TECHNOLOGY COST-SUPPLY CURVE: cost difference per unit of final energy consumed if one replaces conventional energy 
technologies assumed to be in place in 2030 in the Reference Case with renewable energy (RE) technologies. 

- Business perspective – energy taxes, subsidies and local cost of capital are included

- Government perspective – taxes, subsidies and cost of capital are not included

Inputs

Capital Cost projections

Capital costs of a technology decrease 
at learning rates (available from 
literature) with each doubling of the 
installed cumulative capacity 

Operation & Maintenance Costs 
projections

Database of RE projects’ costs of 
installing, operating and maintaining RE 
technologies within a given country

Technological Performance

- Nameplate Capacity VS Capacity factor 

- Conversion efficiency of a technology

- Substitution factor (SF) of a technology 
for another

Annualized cost of a technology = annuity * overnight capital 
cost * installed capacity + annual O&M cost + annualized fuel 
and electricity costs 

Annual electricity (MWh) or district Heat (PJ) generation = 
Total installed capacity * capacity factor

• Substitution cost for energy transformation (end-use) 
sectors = annualized cost of RE technology to generate 1 
PJ of electricity or heat (useful energy) – annualized cost of 
non-RE technology to generate the same 1 PJ / total RE 
electricity (final energy used) to generate that 1 PJ 

IRENA 2016 REmap
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EC 2017
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EUKI CIC2030 CARLOTTA PIANTIERI
TELEKO, 15 NOV 2018
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PRIMES Partial equilibrium modelling system: 

- energy demand and supply

INPUTS

- Simulation of energy consumption and the energy supply system (both at EU and MSs levels)

- Emission abatement technologies, and technology vintages.

- EU carbon price trajectories

- Forward looking decision making behaviour, grounded in micro economic theory. 

- complemented by sub-modules:

- transport sector module (PRIMES-TREMOVE)

- PRIMES biomass supply module 

- other modules

EC 2017



EUKI CIC2030 CARLOTTA PIANTIERI
TELEKO, 15 NOV 2018
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PRIMES-TREMOVE Transport Model 

- projects the demand for passengers and freight transport (by transport mode and transport mean). 

- Interaction of transport demand allocation module and technology choice and equipment operation module. 

When coupled with PRIMES energy system model, interaction of the different energy sectors is taken into account in 

an iterative way.

Dynamic system of multi-agent choices under several constraints.

PRIMES Biomass economic supply model 

- optimal use of biomass/waste resources and investment in secondary and final transformation 

- consumer prices of final biomass/waste products 

- consumption of other energy products in the production, transportation and processing of the biomass/waste 

products

INPUTS

- the demand of final biomass/waste energy products, given by the rest of the PRIMES model. 

EC 2017
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TELEKO, 15 NOV 2018

41

GEM-E3 (World and Europe) applied general equilibrium model

- bilateral trade flows 

- environmental flows 

�Dynamic interactions between the economy, productive sectors, consumption, price formation of commodities, 

labour and capital, investment and dynamic growth – driven by accumulation of capital and equipment. 

- Technology progress is explicitly represented in the production function. 

- The model represents also the energy system and the environment.

Prometheus stochastic model

- future world energy prices, supply, demand and emissions

- world fossil fuel price projections are used as import price assumptions for PRIMES.

EC 2017
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GAINS - Greenhouse gas and Air Pollution Information and Simulation model
- projection and mitigation of greenhouse gas emissions at detailed sub-sectorial level,
- air pollution impacts on 

human health from fine particulate matter and ground-level ozone, 
vegetation damage caused by ground-level ozone,
acidification of terrestrial and aquatic ecosystems and excess nitrogen deposition of soils.

GLOBIOM - Global Biosphere Management recursive dynamic partial equilibrium model  
- agricultural and forestry production and bioenergy production 

- 28 (or 50) world regions, 
- 20 most important crops, 
- different livestock production activities, forestry commodities and energy transformation pathways. 

G4M - geographical agent-based Global Forestry Model 
- assessment of afforestation-deforestation-forest management decisions.

CAPRI Economic partial equilibrium model 
- projects agricultural activity in the EU. 

EC 2017
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1. Dynamic input-output model including 72 economic areas. 

2. Bottom-up aggregation of information
1. Almost 200 experts from BCG, Prognos, BDI, 70 companies and associations were gathered over 7 months 

in five working groups and more than 40 workshops, 
2. discussing existing findings, new approaches to reducing emissions were developed, assumptions validated 

and technology potentials, costs, opportunities and fields of action.
- Advantages: objective and broadly secure basis of facts as of today.

Factors included in the analysis:
• business capital and labour demand, 
• wage and price dynamics, 
• technological progress, 
• production capacity and many other variables are modelled separately for each industry. 

• RoW environment is provided by Prognos AG's global economic forecasting and simulation model. 

BCG 2018

EUKI CIC2030 CARLOTTA PIANTIERI TELEKO, 16 NOV 2018



CPI 2017
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EUKI CIC2030 CARLOTTA PIANTIERI TELEKO, 16 NOV 2018

Energy Supply and Demand factors are based on WEO model 

Supply and demand of a country are then matched depending on: 
(i) total supply costs; 
(ii) expected prices for the different markets (domestic versus import/export); 
(iii) changes in expected supply and demand; 
(iv) whether or not demand can be met with domestic supply; 
(v) whether physical assets (dedicated pipelines, etc.) or contracts/market practice (long-term gas supply 

contracts indexed on oil prices, etc.) shape future export/import trade. 

Once supply and demand have been matched, CPI calculates the value of each country’s annual production under 
each scenario, sum the discounted annual production values to today’s money, and assess the magnitude of loss in 
value to producers because of the change in scenarios (i.e. the stranding). 

Output:
- investment needs impact of a switch from fossil fuels to renewable, 
- reduction of oil use in the transport sector.


