
Analytical tools for energy systems
ERDI (Energy return on investment)
# measures how much usable energy is obtained to
the energy spent to produce it :

energy delivered
ERNI =

energy used to obtain it

EROI upstream : everything before the operational phase .

"downstream: energy or money used to dismantle/end it.

E PBT(-Energy payback time)
# measures how long a technology needs to generate
the energy used to produce ,

install
, operate ,

and dispose of it
.

EPBT=

cumulative energy demand

yearly net energy generated

=
Ematerial + Emanufacturing + F installation + Edisposal/recycle

Egenerated - Foperation & maintenance

Kaya equation
It is used to analyse total CO2 emissions (country/globally) ·

02 = p . GDP·
carbon intensity& pop .; GDPweathenergyintensity : -ofenya

To reduce [02
=mprove E efficiency : /p ; Use low-carbon E : ,

Life cycle assessment (LCA)
LCA phases (ISO 14040 , 14044)
1) Goal and scope definition
· Goal defines why the LCA is done

.

· Scope defines how large/deep the study is : ALI
Sys function , SB

, assumptions/limitations ,
data requirements , LCIA.

functional unit cradle to cradle (extraction to disposal)
to grave (extraction to recycling/reuse)

2) Life Cycle Inventory (LCI)
· LCI collect and quantifies all system inputs outputs ,

providing the data basis for measuringeny. impacts in an 19A .

· Includes : raw materials , energy use ,
water use ,

emissions to air
,
water

,
land

.

· LCA stages : resource extraction , transport , manufacturing/conversion ,

use phase , maintenance , disposal/recycling .

3) Life cicle impact assessment (LCIA)
·It evaluates the magnituded significance of potential enr. impacts ·

· Steps : select impact categories : calculate impact potential ; if necessary ,

normalize and weight impacts .

· Impact categories : Climate change , acidification , smog formation ,

-zone depletion , eutrophication , toxicity .

4) Interpretation -> Eco-indicator9g

It assesses eur . damage in 3 categories : Unit b

1) Human heath : yrs . Of life lost + yrs .
Lived w/ disability[DALYs] .

2) Ecosystem equality : loss of biodiversity over area time (speciesloss] ·

3) Resources : extra future E needed to extract low-quality resources [Surplus E] .

Damage models
· High-quality resources are used first- Future extraction : ↑ En .

Land use degrades habitants and reduces species diversity .

Human health emissions (on a scale , eg . locally or globally

ate:wherepollutantsgaudhowong they sa,a

3) Effect : predicted diseases or damage .

4) Damage : final impact expressed [DALy for humans
, elseyJ .

LCA modelling terminology
Product : what serves the process leg . plastic ,

metal , crude oil
.... ) .

The raw , virgin material is always a product .

Process : it creates the product .
Whenever a product is transported , refined ,

modelled
,
molded, ... .

Precision : describes how close repeated measurements are to each

other
.

A method is precise when it produces very similar results under the

same conditions. Precision = reproducibility , Bias-inaccuracy/fixed
error

Accuracy : describes how close a measurement is to the true or accepted
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-
icial subsidies to support cleaner options :

pollution prevention , sustainable forestry/agriculture , efficient water use , RET .

Environmental regulations : government rules to reduce pollution/resource
Technology standards : require specific technologies/processes .

degradation .

Performance standards : set emission limits ; firms choose how to comply .

Market-oriented approaches
·Do not directly mandate emission rates .

·Useeconomicincentivesreducepollutionatwestsociacost
Emission/Green taxes
·Tax charged per unit of pollution emitted

.

·Pollutersreducemissionswhentax per emissioni a

· If MACsT : reduce emissions ; MACT : pay the tax
.

·Optimal reduction occurs at E*, where tax equals MAS .

Pros : encurages cleaner technologies ; gives firms flexibility to choose cheapest
abatement method ; easy to administer through tax systems .

Cons : difficult to estimate correct external damage cost ; can increase

prices and affect low-income groups ; may reduce intentional competitiveness ;

tax revenue may not be used for environmental improvement .

Tax rate
X I E

Marginal abatement

- tax rate/unit of emission

cost curve originaemissionwithoutaa
C =IMAC =TJ point. Equilibrium

[ 3 B Tax-rate level at to
T

A zero-emissions point

-mission reduction = Eo-Ex

A Ex Emission
amount

Reduction amount

If two firms have different MAC curves ,
reduction should be allocated

S that MACA = MACB - This minimizes total abatement costs
.

Tax exercise : given MAS1 = 150-E
,

MACz = 110- E :

1) Unregulated emissions

Set Mar = o = En = 150 , Ez = 110
, Frot=ti = 260

.

2)Tax = 40 El unit
Set MAC = 40 = 150 - E1 = 40 = E = 110 , 110 - Ez = 40 = E2 = 70 , EjoT = 180

Total reduction : Exotio - EtoT,*
= 260 - 180 = 80

3) Tax = 50 Elunit

=
160 , Total reductionaa

Company 1 : En . T = 100 . 50 = 5000 ; Company 2 : E2 . T = 60 . 50 = 3000

Marketable Permit System
· Market-based policy for pollution control ; government sets a total emission cap
· Firms receive or buy tradable permits. Firms can :

use permits to emit ; sell unused permits ; buy permits if reduction is too expensive.
Cap-and-Trade
·Sets a limit on total emissions

.

· Firms trade permits until their MAC are equals .

·Firms with low MACs reduce more and sell permits ; with high MAC buy permits .

Prosreducesemissionatwerotacasiencourages pollutionpreventis
emission better than command-and-control regulation .

Cons : polluters can continue emitting by buying permits ; if the cap is too high ,

little reduction occurs ; monitoring problems can lead to cheating ; permit prices
can collapse if too many permits are issued

.

Permit emissions example : given MAC , = 150- En , MACz = 110 - E2
~

cap of permitted emissions : En + Ez = 160 .

quilibrium values MM= 100.

Equilibrium permit price : 50 /emission unit .

Reducing poverty
· Poverty = inability to meet basic economic needs .

· It worsens : heath
, environment

,
resource use , population pressure .

· Its reduction supports : economic development ,
env. protection ,

slower pop , growth .

Main solution approaches
· Improve health : reduce malnutrition and infectious diseases .

· Provide education (+ school) ; stabilize pop . growth (t women's status) .

· Invest in : small-scale energy infrastructure ; sustain agriculture .


