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Idé
… kan det svenska energisystemet och svenska styrmedel anpassas för att inte 
bara bidra till att uppnå ett nationellt mål (t.ex. reduktion av 
växthusgasemissioner i Sverige), 

utan också (samtidigt), genom att stimulera en hemmamarknad för tekniker för 
vilka det kan finnas en jättemarknad i utvecklingsländer, 

till priset av en viss kortsiktig kostnadsökning för att uppnå ett visst bestämt 
nationellt miljömål,

bidra till en långt större vinst genom export av grön teknik (vilken dessutom kan 
bidra till att uppnå miljöförbättringar i det utvecklingsland där tekniken 
implementeras, vilka ofta är av en större omfattning än de inhemska).

double (eller kanske triple) dividend-tänkande



Syfte

Kan hemmamarknaderna för energiteknik modifieras 
(genom anpassningar av energi-, miljö- och 
klimatstyrmedel/riktade insatser) för att skapa förbättrade 
förutsättningar för grön export (energiteknik som 
efterfrågas specifikt i utvecklingsländer) ? 

Vi ser på biogasteknik, utvecklingsländerna representeras 
av Indien.

Indien: sustainable & inclusive growth



Systemet



Starkt svensk intresse, myndighets- och 
näringslivsintresse, för teknikexport:

• INNOVATIONS’ ACCELERATOR INDIA – SWEDEN





Metoder

• Kvantitativt
• Modellering/Optimering

• Potentialanalys

• ……

• Kvalitativt
• Barriärer

• Indien & Sverige



Biogas scales
• Small scale (Rural) —Domestic/family size/household biogas plants

• Capacity range of 1–10 cubic meter biogas per day.

• Medium scale biogas plants 
• Capacity range of 100–1,000 cubic meter biogas per day
• Cooperative biogas plants

• Feed stocks from small dairies, vegetable and fruit markets, poultry farms, hostels, 
restaurants, etc.

• Community biogas plants: 
• residents of a particular housing community and fed in a centralized digester for the 

biogas production

• Institutional biogas plants: 
o People contributing the waste belong to an institution such as hospitals, hostels/mess

• Industrial scale biogas plants (Urban)
• Capacity range is above 5000 cubic meter biogas per day



Approach

Academic Literature Review Semi-structured Interviews

Policies and governemnt regulations

Content Analysis

Decomposition Analysis Logicial Problem Analysis 

Identify the barriers in urban 
and rural biogas systems 



Barriers in rural areas

Low adoption of biogas technologies 
in rural areas 

Poor Energy Efficiency 
Environmental effect (Indoor 
air pollution And depletion of 

natural resource

High Investment cost 
Sub-optimal performance of 

biogas plant
Social biases 

Availability of 
fuel cost at 
low/no cost

Social stigma 
attached to 

few substrate

Low decision 
making of 

women

High upfront 
capital cost

 Lack of easy 
credit for low 
income rural 

people  

High 
transaction 

cost 

Poor 
technical 
services

Unavailablity 
of inputs

Bureaucracy 

Procedural 
delays in 
releasing 
subsidies 

Unavailability 
of skilled 
technical 
workers

Resource 
Constraints

 
Insufficient 

cattle   

Scattered 
cattle 

dropping 

Alternative 
uses of 

cattle dung

Starter Problem

Effects

Causes

Causes

Causes
Lack of 

technical 
awareness 

among users



Barriers in urban areas

Low involvement of private 
players  in biogas sector

Low collection 
efficiency

Variations in 
substrate quality

Non 
compliance 
with MSW 

rules 

No/low 
tipping fee for 

waste 
collection

Irregular  
feedstock 

supply

Fluctuations In plant outputHigh Investment High Market Risk

Regulatory barriers

Non 
segregation of 

waste at 
source

Lack of Pre 
waste 

treatment 
facilities

High capital 
cost

Lack of access to 
easy credit

High  cost of 
financing 

Not competitive 
with other fuels

Absence of 
Support 

mechanisms 

Cost price 
higher than 

electricity  av. 
spot price

No legal 
standards 

for bottling 

Lack of 
coordination 

between 
government at 

different 
levels

Low penetration of biogas 
technology 

Competition with other 
treatment technologies

Improper treatment of 
organic solid waste

Effects

Starter Problem

Causes 

Increases viability gap 



Barrier Comparison







Slutsatser

• Ja, det går …



Methodology

c

𝐺𝑅𝑡 =
𝐺𝑅∗

(1 + exp 𝛼 + 𝛽 ∗ 𝐺𝐷𝑃𝑃𝐶𝑡 )

c

WUc = 1.2521 *GDPPC0.4727

𝑂𝐹𝑀𝑊𝑡 = 𝑂𝐹𝑡 ∗ 𝐺𝑅𝑡 ∗ 𝑈𝑃𝑂𝑃𝑡 ∗ 365

𝐵𝑃𝑡 = 𝑂𝐹𝑀𝑆𝑊𝑡 ∗ 𝐷𝑀 ∗ 𝐵𝑌 ∗ 𝐶𝐹 𝑡

Municipal Solid wastes

𝑆𝑀𝑊𝑆𝑡 = 𝑊𝑈𝑐𝑡 ∗ 𝑈𝑃𝑂𝑃𝑡 ∗ 𝐶𝑅

Sewage wastewater

𝐵𝑃𝑡 = 𝑆𝑀𝑊𝑆𝑡 ∗ 𝐶𝑂𝐷 ∗ 𝑅𝐸 ∗ 𝐵𝑌 ∗ 𝑇𝐶𝑡

𝐴𝐷𝑃𝑖,𝑡 = 𝐴𝑃𝑂𝑃𝑖,𝑡 ∗ 𝐴𝐷𝑖 ∗ 365

𝐴𝐵𝑃𝑡 =෍

𝑖

𝐴𝐷𝑃𝑖,𝑡 ∗ 𝐴𝐹𝑖,𝑡 ∗ 𝐷𝑀𝑖 ∗ 𝐵𝑌𝑖

Animal Dung

𝐶𝑃𝑖,𝑡 = 𝐴𝑖,𝑡 ∗ 𝑌𝑖,𝑡
𝐺𝑅𝐴𝑗,𝑖,𝑡 = 𝐶𝑃𝑖,𝑡 ∗ 𝐶𝑃𝑅𝑖,𝑗

𝑆𝑅𝐴𝑗,𝑖,𝑡ℎ𝑖𝑔ℎ = 𝐺𝑅𝐴𝑗,𝑖,𝑡 ∗ 𝐶𝐸𝑡 ∗ (1 − 𝐷𝐹𝑅𝑖)

𝐵𝑃𝑗,𝑡 =෍
𝑗
෍

𝑖

𝑆𝑅𝐴𝑗,𝑖,𝑡 ∗ 𝐷𝑀𝑖,𝑗 ∗ 𝐵𝑌𝑗,𝑖

Crop residues



Source 2015 2040

Crop residue 2.34 3.44

Animal Wastes 3182 7813

MSW 99 189.8

Sewage waste 21.9 65.7

Industrial effluents 43.8 95.63

Total (PJ) 3349 8167

Energy Potential 



Research Objectives
• To identify the least cost pathways to increase the share of biogas in 

primary energy mix. 

• To understand the competitive dynamics between biogas and other 
renewable energy technologies in power, transport and residential 
sector in low carbon and sustainable scenarios.

• To assess the implication of biogas penetration on system cost in low 
carbon and sustainable scenarios where the social benefits that can 
be accrued are internalized into the system. 



Scenario Framework

Scenarios

Business as Usual Low carbon scenario

Aligning with two 
degree pathways

Aligning with 1.5 
degree pathways

Sustainability scenario

Achieving same biogas 
penetration by 

internalizing benefits 
accrued by biogas 

usage



Primary energy Mix

Long-term economic implications of 1.5°C scenario: A case study of India ( Under review) 



Benefits 
Category Benefits Indicator Reference

Immediate 

Benefits

Avoided GHG emission, nitrous 

oxide emission from chemical 

fertilizers.

Savings in terms of carbon tax, [2]

Health benefits Reduction in household Health expenditure and 

household air pollution

[3, 4]

Reduction in local air pollution

Greater energy security Reduction in imported fuel quantity [5, 6]

Co–products like fertilizers Difference between the monetary value of biogas 

slurry as farming fertilizer and replaced chemical 

fertilizers 

[7]

Land requirement Difference between land required for landfills 

Better Waste management

Long term 

development 

benefits

Employment in rural sector Strengthen the rural economy by creating new 

employment possibilities

Saved fuel collection time Opportunity cost of time of women involved in fuel 

collection activity

Help to achieve SDGs Promote gender equality and empower women,  

improving environmental sustainability ( reducing 

demand of firewood)  and eradicate poverty and 

hunger ( creating jobs), Promote gender equality and 

empower women

[7]


