
XA9846089

Impact of Renewable Energy Sources on Greenhouse Gas Emissions in
Comparison to Conventional Energies

- Simplified Examples -

Jukka-Pekka Nieminen,
Neste Oy, Corporate Technology

0. Abstract

The paper discusses definition problem of the full energy chain greenhouse gas
(FENCH-GHG) emission analysis. The importance of good definition of the problem is
essential: for what purpose this analysis is done, what shall be included and what can be
excluded from the analysis.

This is done by giving simplified examples of FENCH-GHG emission analysis. The
example is use of small solar heating systems in an oil heated single family house in Finland and
another renewable energy source: liquid biofuel combustion. The paper gives rough data for
those options.

Paper concludes with this example, to recommendations how definition of FENCH-
GHG analysis should be done for intermittent renewable energies.

1. Introduction

Introduction of intermittent renewable energy sources to existing energy infrastructure
links several new problems to the optimisation. In most of the cases renewables are considered
to lower the specific CO2 emissions of the energy economy. This may even be the main driving
force behind the introduction. That is why it is essential to know the real impact of new energy
forms on greenhouse gas emission.

On the other hand the comparison with conventional energy forms can be made
misleading if all assumptions are not made in similar way for all the options and if all relevant
parameters are not included.

2. Definition of the Problem

The problem is how to estimate the impact of new intermittent renewable energy
sources on greenhouse gas emissions so that the results can be used to compare various energy
forms. The basic question is how much greenhouse emissions we save by introducing this
amount of new energy form

In some cases introduction of new renewable energy source replaces some of the old
energy forms. Then the problem is easier: how much GHG emissions are saved when reducing
the use of old energy forms vs. how much GHG emissions are caused with full energy chain of
the new energy form.
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If new energy forms are introduced to cover the increasing load, then we have to

compare various new alternatives to each other and give credit for each option. In such case
there is most likely not any net credit, but all options increase GHG emissions and we have to
compare which causes less increase.

Unfortunately there is no generic GHG credit or burden that can be calculated to each
forms of energy, because impact always depends on the load and on the system where it is
introduced. The methods of analysis depends on where the biggest share of GHG emissions
takes place: in the production of the fuel or in the production of devices or both are important.

3. Solar Heating System

As an example a short summary of results of an analysis is given. The example covers
solar heating system for domestic hot water production in an oil heated single family house.

In this example rough estimation of energy inputs for production of solar heating
system for domestic hot water is done. Table 1 shows the results of the estimation for the sys-
tem. All energy requirements are expressed as primary energy requirements. That means that
all electricity is converted to assumed consumption of primary fuel with conversion coefficient
of0.35.

Table 1 Energy requirements for production of a solar heat system.
COMPONENT PRIMARY ENERGY INPUT
collector (2 pcs) 2 088 kWh
storage 588 kWh
others 349 kWh
Total for hot water system 3 025 kWh

Problems with gathering of this data is that data for primary energy requirements for
various materials varies a lot from reference to reference. For instance energy requirements for
production of aluminium varies from 72.5 kWh/kg from 1978 to 24 kWh/kg (in this figure
electricity is not converted to primary energy).

System is dimensioned so that all produced energy can be utilised: single family house
with two collector system for hot water in Finland. Then the system can produce yearly 328
kWh/m2 (simulation result for Helsinki weather data and with standard family) heat and net
production is about 1470 kWh/a per system. This means that with above-mentioned energy
input, energy pay back time is about two years and energy ratio with 20 years operation is 6.7
(gross energy output / gross energy input).

If the system for the same load would be larger, then not all heat produced could not be
used and the analysis would be different.

If energy ratio is calculated neglecting energy requirements for equipment (the way it is
calculated in the case of biofuels and in the case of most of conventional energy forms, but is
not reasonable way for solar heat) energy ratios would be something from 19 to 35.



Table 2 Energy balances of solar heat system.
CASE ENERGY PAY BACK ENERGY RATIO

[years] output/input
including equipment 2.1 6.7
(excluding equipment nji. 19 to 35)

To make a detailed CO2 balance analysis, one should have better data about which type
of energy is used in production of equipment. One should know the share of fuels and
electricity, which fuels are used and how electricity is generated. Because such detailed
information is not available easily and because energy requirements are expressed as primary
energy consumption, primary energy shares of Finland are used: 0.49 tn carbon as CO2 is
released with every toe of primary energy (1994 statistics).

Calculations have been made using above-mentioned figures. Production of a solar ther-
mal system with two collectors and a 300 1 storage tank releases 480 kg CO2.

When the heat produced with solar hot water system replaces heat generated with light
fuel oil, it will save annually 147 1 of fuel oil, which means 414 kgCO2/a saved. If operation
time of the system is 20 years, the net CO2 saving is 384 kgCCVa.

4. Bio-oil Fired Heating System

Somewhat similar data has been calculated for biofuels in another internal Neste study.
A summary of those calculations is given in Table 3.

The most important energy input for biofuels is energy for actual fuel production, not
so much for equipment production. That is why, while comparing various biofuels, usually
energy input for equipment production is neglected. That is the case with our figures, too. So
the figures are not comparable to figures calculated in the previous chapter.

Table 3 Energy balances of various biofuels, excl. energy for equipment.
FUEL

ethanol from barley
rapeseed methyl ester
methanol from forest residues
pyrolysis oil from forest residues
methanol from energy forests
pyrolysis oil from energy forests

NET ENERGY
[GJ/ha]

6
17

82 ])

116 l)

10 2)

12 2)

ENERGY RATIO
output/input

1.3
2.1
11
12
10
12

0 Harvested every 30-40 years on a rotational basis
2) Harvested every 5th year, but reported on a yearly basis

CO2 balances of various biofuels have been calculated and they are represented in Table
4. The figures are based on energy requirement data shown in Table 3. Thus they don't include
CO2 emissions from production of equipment.



Table 4 Impact of various biofuels on CO2 emission, excl. CO2 from
production of equipment.

FUEL

ethanol from barley

rapeseed methyl ester

methanol from forest residues

pyrolysis oil from forest
residues

methanol from energy forests

pyrolysis oil from energy
forests

CO2 EMITTED
kg CO2/kg fuel

2.5

1.4

0.15

0.14

0.15

0.12

CO2 SAVED !)

kg CO2/kg fuel

-2.8

-3.9

-1.8

-1.6

-1.8

-1.6

OVERALL
IMPACT

kg COj/kg fuel

-0.3

-2.5

-1.6

-1.5

-1.6

-1.5

0 CO2 savings from biofuel substitution and co-product substitution

6. Comparison of the Examples

Solar heat systems in Finland have about two years or in future even less energy pay
back time for original energy investment. This is about same time as solar photovohaics has as
best (= thin film cells and good solar conditions).

Best biofuels have energy ratio (output/input) from ten to twelve. These numbers can't
be compared with energy ratios of solar heat 8-9, because solar heat numbers include energy
for production of equipment and biofuels don't. On the other hand comparison of biofuels1

numbers to numbers calculated in similar way 19-35 is neither a fair comparison, because in
those numbers the main energy input of solar heat is excluded.

However, these numbers tell that both best of biofuels and solar heat systems are
reasonable ways to utilise renewable energy sources, clearly better than ethanol or rapeseed
methyl ester (energy ratio 1.3-2.1).

Developments of these technologies are in a different phase. Some (ethanol and RME)
biofuels could be produced today, but use of those are still in an experimental or
demonstration phase. Some (pyrolysis oil) biofuels are produced only in very first pilot plant in
small quantities and technology development is still going on.

Solar heat is already today used relatively widely in some countries and applications in
quite large volumes, too. Technical development is concentrated on cost reduction in mass
production.

Thus, numbers presented in this paper are proved for solar heat. There is of course
potential for development to improve the numbers, but they are at least as good as shown.
Numbers for biofuels are estimations for fixture, and there are certain uncertainties in the
numbers.



7. Conclusions of the Examples

The conclusions of the examples are that by defining carefully the application you can
make some comparisons. In this case introduction of two collectors domestic hot water system
to oil heated single family house you can save net 384 kg CCVyear or by replacing light fuel oil
with pyrolysis oil from forest residues you can save 1,5 kg CC>2/kg of pyrolysis oil. Without
such detailed specification of the application it is not possible to estimate GHG emission
savings.

But even if the assumptions for the analysis are made correctly, the data available from
literature is usually made for different purpose and assumptions for the data are not correct for
your analysis. Thus the comparisons and conclusions are often very weak or even incorrect.
This shows also that there cannot be any generic data for this purpose: you have to make
always some assumptions and defining and those are correct for future analysis only by
accident.

8. Extension to Grid Connected PV or wind

Electricity production with grid connected photovoltaics or wind turbines has similar
features in the problem setting. We have to always start with defining carefully the problem.
This includes defining of the load profile, existing generation capacity and commensurate data
of FENCH GHG for all options to be studied.

Knowing existing load and existing production capacity we can calculate what effects
the introduction of fixed amount of PV or wind will have on the emissions of the whole
system: emissions of the existing systems and full chain emissions of new system. In the Finnish
grid you are able to connect about 10 % of the production capacity PV or wind without need
for extra storage capacity or reserve capacity, thus impact on existing system is limited to
different way of operating existing capacity leading to fuel savings.

When the markets for electricity grows more global or international and open (third
party access, etc.), the percentage of intermittent energy sources which grid can utilise
increases. The ultimate end would be global grid which can be fed with only intermittent
energy sources world wide.

When the load is increasing or old capacity must be replaced, we have to consider also
the capacity factor of new intermittent capacity. Small PV plant in Finland (long dark winter)
will not replace any other production capacity, but large enough wind power capacity will for
sure replace some.

9. Final Conclusions and Recommendations

The result of this activity can be:

1) Case studies, with fixed load profile and fixed production capacity with variable
"new capacity". Comparison between these cases. This can be done, if enough commensurate
data for all options can be found or generated.



2) Collection of limited basic data for such detailed case studies. This can be done, if
options are limited beforehand, so that we know what data we need to include and the options
to be studied are not very different from each other.

Then the data for calculations must be chosen carefully and in a similar way for each
option. If the options are different in nature data must include all aspects that are essential to
any of the options and all data which are different from others to any of the options. That is
why we have to know the option against which these will be compared. In Table 5 is shown
some issues that varies from option to option and thus must be inchided when gathering such
data. Tables shows relative importance of the issue to the energy option. If all energy forms
that will be compared (ever in future) are in same column, that issue may be left without
notice.

Table 5 Relative importance of various issues that must be covered when
gathering data for FENCH-GHG emission analysis

ISSUE
emissions from equipment production

emissions from fuel production

emissions from transportation of fuel and
equipment
required land area

flexibility of the generation capacity (how
easily can follow the load)

LOW
coal

PV, wind,
hydro

PV, wind,
hydro
wind?

PV, wind
nucl.

MED
nucl.

nucl.

PV, nucl,
coal
coal

HIGH
PV, wind,

hydro
coal

nucl.,
coal

hydro?

hydro

On the other hand the result of this activity can not be generic data of impact of
renewable energy sources to GHG emissions.
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The purpose of this paper is to point out the
problems of the definition of a FENCH-
GHG emission analysis with intermittent
renewables

Neste Oy is a company with oil, gas and
renewable energy business

We have done some such analysis in with
solar energy and biofuels

o
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System specifications
• two collectors

• storage tank 300 1

• pumps etc.

Application specifications
• single family house

• Helsinki weather data

• standard four person family
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PARAMETERS FOR SMALL SOLAR HEAT SYSTEM FOR
DOMESTIC HOT WATER PRODUCTION IN A SINGLE
FAMILY HOUSE IN FINLAND

PRIMARYENERYGYINPUT 3,025 kWh / system

ENERGY PAY PACK TIME

ENERGYRATIO

CO2SAVINGS

2.1 years

6.7 (output/input)

384kgCO2/a
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NESTE
C i r p • r i l e T e c k • i l i g j

E i f r j ; R e M i r e k

ethanol from barley

rapeseed methyl ester

methanol from forest residues

pyrolysis oil from forest residues

methanol from energy forests

pyrolysis oil from energy forests

ENERGY RATIO
(output/input)

1.3

2.1

11

12

10

12

SAVED CO2

(kg CO2/kg fuel)
0.3

2.5

1.6

1.5

1.6

1.5

Corporate Technology/ J-P.Nieminen



C i r p i n l e T e c k i i l l t f - > ^

E • t i f j R e i e a r c h

ly

il]

usually available data is made
and is not defined the way you need it

Corporate Technology/ J-P.Nieminen



NESTE
C i r p i n t e T e c k i ' l i J J - - O

E • e r j ; R e i c i r i k

Conclusion above are valid with these
systems, too

• You can compare two systems with same
load if both systems does the j ob
• different options may influence on other parts

of the system

«

Corporate Technology/ J-P.Nieminen



C i r f i r » l e T e e I • i l i g ; - > ^

E • e r g ; R e i e i r c k

RELATIVE IMPORTANCE OF
VARIOUS ISSUES
emissions from equipment production

emissions from fuel production

emission from transportation of fuel
and equipment
flexibility of electrieity generation

required land area

LOW

coal

PV, wind,
hydro
PV, wind,
hydro
PV, wind,
nucl.
wind?

MED.

nucl.

nucl.

coal

PV, nucl.,
coal

HIGH

PV,wind,
hydro
coal

•coal, nucl.

hydro

hydro?
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The result of this activity can be:
* few well defined case studies

^ no generic studies
*• possible to complete with relatively high

• very broad basic data for case studies

accuracy

•3?- accuracy will be quite low
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