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Abstract: To achieve the Kyoto Protocol target of carbon reduction in Japan, additional measures beyond
individual building-scale are strongly required. Area-wide energy utilization is expected to play an important
role, not only in improving energy efficiency, but also in enhancing utilization of renewable energy and unused
thermal energy toward a low-carbon society. But so far there have been few initiatives that have been realized.
One of the major hurdles is the lack of methods to convince stakeholders to collaborate towards implementation.
This study focuses on non-energy benefits (NEBs), which are indirect benefits such as stimulating regional
economies and environmental protection, as distinguished from the direct energy-benefit (EB) of utility costs
reduction.

Through the development of methods to classify and quantify various NEBs and to assign monetary values in the
marginal abatement cost (MAC), area-wide energy utilization has been deemed to be more competitive among
various carbon reduction measures. Customized marginal abatement cost curve evaluation has proven effective
for encouraging stakeholders to implement.

Keywords: Area-wide energy utilization, Non-energy benefit, Marginal abatement cost, Cost benefit ratio,
Payback time

1. Introduction

1.1. Area-wide energy utilization of scale measures for carbon reduction

In the commercial and residential sectors, further reductions of carbon emissions are being
sought toward the realization of a low-carbon society. To respond to this issue, area-wide
carbon-emission reduction measures must be promoted for blocks of buildings, communities,
districts and for cities, which go beyond individual buildings. The Kyoto Protocol Target
Achievement Plan® in Japan begins with area-wide energy utilization as its first measure, in
terms of further energy saving beyond individual buildings and for promoting a large increase
in the utilization of neighboring unused energy sources and renewable energy sources.

1.2. Necessity of evaluating measures from a middle-to-long-term perspective, considering
local characteristics

In 2008, the Mid-term Targets (+) A
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The image is shown in Fig.L. Figure 1 Marginal abatement cost curve (image)
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MAC is defined as the cost required per additional unit reduction of CO; (e.g., per ton CO5)
from the present conditions, under a given area (e.g worldwide, nationwide, district-wide,
etc.). McKinsey & Company® and some other organizations have evaluated the MAC of a
variety of carbon reduction measures and have published reports presenting MAC curves,
which is a useful method to determine the selection of cost-effective measures. However, for
discussions on area-wide energy utilization, the current evaluation method has some problems,
as listed below;

1) Measures whose costs vary greatly due to distinct regional characteristics (such as
differences in energy infrastructure and in access to locally generated, locally consumed
energy) are too detailed to discuss on a nationwide scale.

2) Measures which require large initial investments, but which are effective for a long time
(such as insulation of buildings and infrastructure development) are evaluated as
comparatively expensive options if the payback time is set at a relatively short uniform
period.

3) MAC has been defined as the net cost of measures, deducting direct energy benefits (EB)
of energy-utilities cost reduction from the total costs. However, even if there are also
diverse indirect benefits, such as stimulation of regional economies and environmental
protection resulting from the measures, which some researches collectively refer to as
“non-energy benefits” (NEBs)*, they have not been considered in the MAC evaluation.

1.3. Research objectives

The objective of this research is to establish methods of accurately determining area-wide
energy utilization in comparison with other carbon reduction measures, and methods of
evaluating cost-benefit ratios (B/C) and MAC, focusing on non-energy benefits (NEBS) in
order to encourage stakeholders to implement.

2. Methodology

2.1. Estimation of CO, reduction potential considering the regional characteristics

Specifying the particular region where the measures for a low-carbon society will be
advanced clarifies the specific figures concerning any unused energy sources (incineration-
plant waste heat, etc.) that can be accessed in the concerned district, such as solar heat
collectors and photovoltaic power generation equipment in accordance with heat and
electricity-demand density and patterns according to time band, and on-site cogeneration.
Those figures are then used to calculate the CO, reduction potential of the concerned district.
The initial and running costs of each measure are set referring to prior knowledge®®
published by the Japanese government. The values for measures with different costs by region,
by necessity, are set on a case-by-case basis. Subsidies and other grants are not included.

2.2. Setting the payback time considering the duration of the measure’s effects

The MAC of each measure is calculated as the annual cost ([yen/year] / [t-CO,/year]) under
the following procedure; considering the initial costs (including renewal costs) for
implementing each carbon-emission reduction measure, the running costs, and the reduction
in utilities expenses gained from energy conservation. The expressions of the procedure are as
follows, and Fig.2 presents an image of the MAC structure.

The payback time should be set appropriately for each measure from the viewpoint of the
middle-term and long-term improvement of social capital and with consideration for the
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technology use conditions. Referring to the option that the National Institute for
Environmental Studies proposed to the Mid-term Targets Committee (a setting of 50-70% of
the functional lifetime of each measure)®, McKinsey & Company report?, in this study the
payback time is set at a number of years equivalent to 70% of the lifetime of each measure.

Annual Utilities Expenses
Reduction (EB)

= Annual Energy Conservation )
(MJlyear) }/Annual running

X Energy Unit cost (yen/MJ) cost (yen/year)
Marginal Abatement Cost (MAC)

([yen/year] / [tons CO,/year]) Initial costs (yen)
(sometimes negative) (including renewal costs)

-+ Payback time (year)

CO, reduction potential (t-CO,/year)

Fig. 2. Structure of marginal abatement cost (MAC) of a carbon reduction measure
Table 1 presents a summary of the classification of CO, reduction measures and their MAC.

Table 1. Carbon reduction measures and MAC setting by measures

MALC and payback Froposed MAC with payback time

Carbon reduction measures in this study time under prior set at 70% of functional lifetime

{Setbased on the 2008 Local Government Knowledge 29 of each measure

White Paper {Japan) on the Environment) (hGeAﬂcf Pat)\fr%%(:k (MyeAr% Pat!lfr?]%Ck References

£2C0,) | (years) t=C05) | (vears) of lifetime
Commercial Sector
(1 Alrconditioning equipment efficiency improvements - 24,000 3 - 24,000 10.5 15 v
(23 Lighting efficiency improvements, etc - 25,000 3 -25,000 140 20 "
(3} Power and other efficiency improvements 19,000 3 -16.491 175 25 *
(43 High-efficiency water heaters 32,000 3 0 105 15 i
(5) Improvedinsulation in newly constructed buildings 59,000 9 16,143 21.0 30 e
(6} Improvedinsulation in existing buildings 59,000 9 35,964 14.0 20 wEE
(7 Building and energy management systems (BEMS) 3,000 <1 8,714 7.0 10 *
(8) Useof solar thermal energy 2,000 10 2,000 11.9 17 e
(93 Photovoltaic power generation 62,000 9 23,378 1.9 17 i
(10} Changes in work styles - 38,000 - -38,182 - - FEn
(113 Commercial cogeneration - 8,500 10 - 8,500 0.5 15 e
Residential Sector
(12} Heating-and-cooling efficiency improvements - 30,000 3 - 30,000 4.2 5] i
(13) Lighting efficiency improvements, etc. - 28,000 3 - 34,789 14.0 20 i
(14 Household appliances' efficiency improvements 28,000 3 10,629 4.2 5] i
(15} High-efficiency water heaters 143,000 3 11,343 7.0 10 v
(16) Improvedinsulation in newly constructed housing 430,000 9 239,870 154 22 i
17 Improve existing insulation 430,000 g 266,607 14.0 20 e
(18) Home energy management systems (HEMS) - 2,000 3 - 18457 70 10 "
(19) Solar water heaters 17,000 3 -22,328 1.9 17 i
(207 Photovoltaic power generation 73,000 10 59,319 1149 17 E
(21) Changes in life styles - 33,000 - - 33,000 - - R
(22) Residential cogeneration 30,000 10 30,000 7.0 10 i
Community-Wide Energy Utilization
(23) Wind power generation 12,000 - 12,000 1.9 17 i
(243 Wyoody Diomass 4,000 el 4,000 14.0 20 TR
(25) Waste products power generation 2,000 - 2,000 140 20 e
(26) Heat-and-electric power exchange among buildings**** - - 17488 14.0 20 R
(27) Incineration plant waste heat™*** 16,616~ 20 9,890 - N5 45 R
28,329 14,925

(28) Regional cogenaration™*** 2,586 15 -2,082 21.0 30 e
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2.3. Definition and Monetizing NEBs

As described above, there are various NEBs among the carbon reduction measures received
by the stakeholders. In terms of the way of estimating monetary value, the classification and
quantification of the NEBs are proposed. Five major categories are defined (a - €), and they

are additionally classified into fourteen categories. Table 2 shows the details.

Table 2. Monetization of EB and NEBs by category

Benefit l

Monetization Outline

Referenceis

< Energy Benefit (EB)>

Reductionin utilities expanses

Reduction in utilities expenses (yen/year)
= energy reduction volume (yen/year)
X energy unit cost (yen/iJ)

Energy unit cost set based on supply agreements and
supplementary supply agreements from city gas and electric
power utilities

< Non-Energy Benefit (NEB)>

a. Benefit from creation of envir

onmental value

al. COZ reduction value

CO, reduction value (yenlyear)
= CO; reduction amount (t-CO-/year)
X GO, price (yen/ t-CO.)

CO, price set (=.g., 4,000yent-CO2)
“Point Carbon “Carbon 20097 (March 2009)"

a2 Green energy creation value

Green energy creation value (yenfyear)
= green energy use volume (M.J/year)
X green energy unit price (yen/MJ)

Green energy unit price set{2.g., 15yen/kWh}
“Examination Committee on VER Japanese Certification
Standards Used in Carbon Offsets”

{for photovoltaic power generation)

b. Benefit from the ripple effect

on the regional economy

b1. Economic ripple effect from
infrastructure construction
investment

Economic ripple effect from infrastructure construction
investment [yenlyear)
= initial infrastructure construction investment (yen)

X gross value added ratio + ripple effect period (years)

Gross value added ratio set (e.g., 0.5) with reference to public
investment gross value added estimates from various industry-
related analyses by local governments

Ripple effect period set at 70% of the lifetime of business
facilities lifetime (e.g., 10.5 years ~ 31.5 years)

b2. Economic ripple effect on
business operations

Economic ripple effect on business operations (yen/year)
= business operating expenses (yen/year)
X (ripple effect multiplier— 1)

Ripple effect multiplier set (2.g. 1.3) with reference to public
works ripple effect multiplier, estimates from various industry-
related analyses by local governments

b3. Increased real estate value effect
(residential property}

b4, Increased real estate value effect
{commercial property)

Area real estate value increase effect (¥'year)
= standard land price {yen/m’)
X subjectland area (m?)
X (real-estate-value increase rate (%)/100)
-+ increase effect period (years)

Standard land price uses the figures from Ministry of Internal
Affairs and Communications, Statistics Bureau, "2009 Statistics
on Cities, Wards, Towns and Villages”

Real estate value increase rate set (e.g., 0.5%) with reference to
the rent increase rate {0-5% for model case rent) in the "CASBEE
Real Estate Use Manual {provisionalversion) (July 2009)"
Increase effect period set at 70% of the lifetime of business
facilities lifetime {(2.g., 10.5 years ~ 31.5 years)

c. Benefit from risk aversion

c1. Contributionto the business and
living continuity plan (BLCP),
energy supply interruption
aversion effect

Energy supply interruption aversion effect (yen/year)

= enargy supply interruption unit damage (yen/kW-hour)
X decentralized power source capacity (kW)
X supply interruption period (hoursfinterruption)
X damage occurrence probability (times/year)

Supply interruption damage (yen/kK\W-hour),
Supply interruption period (hoursfinterruption)
Damage occurrence probability (times/year)
sat considering prior research”!

c2 Riskaversion effect from stronger
regulatory system, higher
standards, etc.

Riskaversion effect from stronger regulatory system
(yenlyear)
= utilities expenses (yen/year)

X risk aversion expense ratio + 100

Risk aversion expense ratio set with reference to “Sumitomo
Trust & Banking Co. Ltd. "Outline of Business Awareness Survey
Regarding Environmental Buildings™ (July 2009)

¢3. Health damage risk aversion
effect (residential sector)

Health damage risk aversion effect {yenfyear)
= insurance benefits (yen/person)
X subject population (persons) X occurrence ratio

Insurance benefits set using the figures from Japan Institute of
Life Insurance “Mationwide Life Insurance Fact Survey™ (e.g.,
20.33 million yen/person for death benefits)

Oceurrence ratio set (2.g., 0.01%) Tokyo Medical Examiner's
Cifice)

cd. Health damage risk aversion
effect (commercial sector)

Health damage risk aversion effect {yenlyear)
=work absence ratio (days/person-year)
X salary income (yen/year-person)
-+ work days (days/year) X affected persons (persons)
X occurrence probability

Salary income uses figures from Mational Tax Agency “Fiscal
2005 Salary Income Survey” (e.Q., nationwide average of ¥4.37
million/person [including bonuses, etc.])

d. Benefit from the diffusion an

d education effect

d1. Leading model project public
awareness and education effect

Fublic awareness and education effect (yen/year)
= subject population (persons)
X cost required for public awareness and education
(¥/person-year)
X effective period cosfficient

Subject population is the population residing in the subject
district

Cost required for public awareness and education set (e.qg.
3,000yen/person) referring to the costs for attending seminars.
implemented by non-profit organizations

Effective period coefficient set{e.g., 3 years, 10 years) as the
ratio of the periods in which projects are still leading projects

Advertising and publicity effect (yen/year)

d2. Leading model project advertising
and publicity effect

= costs d for the (yenlyear)
X advertisingand publicity effect coefficient
X effective period coefficient

Advertising and publicity effect coefficient set (e.g, 2%)
referring to the casss (g.g., an effect equivalentto 2% of total
environment-related costs) for company case studies "FY 2005
Environmental Accounting Guidelines Reference Materials”
Effective Period Coefficient setthe same as in d1

e. Benefit from improving the li

ving and working environment

e1. Higherworker intellectual
productivity effect

Higher worker intellectual productivity effect (yen/year)
= affected persons (persons)

X perzonnel expenses (yen/person-year)

X productivity improvement coefficient

X effective period coefficient

Froductivity Improvement Coefficient set (e.g., average of 0.5%)
referring to the case study analysis (16 environmental buildings in
the UK. with an intellectual productivity change ranging from
-10% to +11%) in Diana Urge-Vorsatz, et al., "Mitigating CO,
Emissions from Energy Use in the World's Buildings,” Building
Research & Information (2007) 35(4), pp. 379-308

&2 Resident health promotion effect

Residents’ health promotion effect (yen/year)

= subject persons (persons)
X amount intended to spend (yen/person-year)
X eftective period coethicient

Subject persons are the number of residents in the subject
district

Amount intended to spend is set based on a questionnaire
survey of the residents
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3. Case study
A case study of implementation on a specific district was conducted using the evaluation

policy presented above.

3.1 Overview of the case-study district
Fig.3 presents an outline of the case-study-subject district. The district (hereafter, “District

A’) is an existing mixed-use urban area centered around a large train station and offices,
stores, housing, hotels, universities and other facilities, and an incineration plant located
nearby. The case study assumes the following infrastructure arrangement of the District A
energy system, as district-scale measures, together with other carbon reduction measures at
the individual building level, considering the presence of the incineration plant, which is an
unused energy source nearby, as well as area-wide energy utilization that is already being

implemented in part of the District.

1) Area-wide utilization of unused high-temperature energy sources (incineration plant heat)
2) Development of area cogeneration as a foundation of an area-wide energy system,

together with area-wide development within the district
3) Formation of a smart energy network for the effective use of heat and electricity in
response to demand fluctuations, with linkage to the existing district heating and cooling

infrastructure

District A Overview

ZANTH

District with a high concentration of

large-capacity, primarily commercial SmETH
buildings
e District area: 398ha AW—TE
oy ) - 2 EAmTE
e Building floor space: 8.8 million m Smart Energy Center .\ JRuainvard
- . « Package electric powerreceipt y
o Population: 40,700 persons . Large-scale CGS
. « High-efficiency DHC
L4 HOUSQh0|dS 22,000 + Steam NW connection
ww=TE O _
:
Steam NW line :
- » Wastewater treatment plant
HWE=TH P
M A®E=TH
u AR THa" "o ammmme
.' ] « Minato waste incineration plant
L]
Subjectarea * Hotel zone x .
FY2005estimated oo ' —
total CO2 -JR Shinagawa Stallon:
emissions: 700,000 . am=TEy THTR
L
tons + Heat supply from R A = * University zone
Smart Energy Center = + DHC zone -
to redevelopment % T ammnm - Point heat supply
buildings enny®®® 5 ..... > \ service
« Steam NW connection * Steam NW
« High-efficiency modification of connection
district heating and cooling o 00m Tolon
« Connection between two plants |:| :Range of areas being
* Steam NW connection considered for receipt
of heat supply

Fig.3. Case study district characteristics and annual CO, emissions breakdown

3.2 Carbon reduction measures and CO; reduction potential

Carbon reduction measures and the CO, reduction potential considering that the
characteristics of District A are estimated based referring the 2008 (Japanese) Local
Government White Paper on the Environment”. The total CO, reduction potential of all the
assumed carbon reduction measures is approximately 160,000 t-CO,/year.
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3.3 Results - Cost-benefit ratio (B/C)
considering NEBs

Fig.4 presents the cost-benefit ratio (B/C) trial

calculation results for District A, considering

NEBs. The total cost when all the measures

are implemented is about 4.8 billion yen/y, the

EB is approximately 3.7 billion yen/y, and the

total monetized NEB is about 4.3 billion yen/y.

The B/C is just 0.77 when only the EB is
included, but rises to 1.7 when the NEBs are
also considered.

3.4 Results — Marginal abatement cost
curve considering NEBs

Fig.5, Fig.6 and Fig.7 present the results of
estimated MAC curves. Fig.5 shows the MAC
calculated with uniform payback time of 3
years, or of about 10 years. Fig.6 shows the
results calculated by use of payback time set at
70% of the functional lifetime of the measures.
Fig.7 is the result by considering the NEBs
allocated to MAC of each measure in addition
to Fig. 6.

Cost-Benefit (billion yen / year)

9
Total Cost Total Benefit
illi 8.0 billion yen
8 4.8 billion yen y el
When

d with

/L

71| EB+NEB,
BIC=17

Total NEB
4.3 billion yen
(1.2 times EB)

6 /

5
>
| /1
4 710
I
R I
3 | When assessed with :

l EB alone, B/C =0.77 {

2 Total EB
3.7 billion yen
1 L[ (utilities expenses
reduction)
0

Cost (C)

Benefit (B)

Fig.4. Total cost-benefit ratio (B/C)

As shown by the cross-hatched sections of each figure, in District A, arranging community-
wide energy utilization by making use of the regional characteristics (including the effective
use of incineration plant waste heat and the existing district heating and cooling network) has

a high economic priority.

100,000 (D[Commercial] Changes in work styles
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]
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[ : Residential Sectorl

: Joint Commercial & Residential Sector
|

Average Measure Cost
¥25,117t-CO,

Total CO, Reduction
159,487 t-CO,/year

@) [Residential] Improved existing insulation

@3[Residential] Higher insulation in newly constructed housing
\{@®[Residential] High-efficiency water heaters

'@ [Residential] Photovoltaic power generation

@ [Commercial] Improved insulation in existing buildings

([Commercial] Higher insulation in newly constructed buildings
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25 30

CO, Reduction potential (District A)

[%] Residential
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Fig.5. District A’s marginal abatement cost curve
(Uniform payback time of 3 years, or of about 10 years)
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Comparison between Fig 5 and Fig6, it is clearly shown how setting the payback time
appropriately for each measure greatly decreases the average cost of the measures ( 25,117 ->
6,739yen/t-CO,).

MAC [yen/t-CO,]

(D[Commercial] Changes in work styles

(IResidentiall Changes in life styles Commercial Sector
®Q)[Residential] Lighting efficiency improvements, etc. Residential Sector
@[Residential] Heating and cooling efficiency improvements Joint Commercial & Residential Sector

®[Commercial] Lighting efficiency improvements, etc.
®[Commercial] Air conditioning equipment efficiency improvements
@[Residential] Water heating using solar thermal energy
®[Residential] Introduction of HEMS

©[Commercial] Power and other efficiency improvements Average Measure Cost
([Commercial] Commercial cogeneration 25.117 yen/t-COZ
([Joint Commercial & Residential] Regional cogeneration '
@[Commercial] High-efficiency water heaters > 6,739 Ven/t-C02

(@)[Commercial] Use of solar thermal energy

(@[Joint Commercial & Residential] .
Woody biomass Total COo, Reduction

D Lmrt o0 £ o etk e li 159,487 t-CO,/year

L7 B ) ] OO A 5

[ B 1 Fo=9 Ik 3 = At 5‘?’

RTEMTRE Vi

L e N -

D 8= g1 r-
@fzf;“::;ﬂm_m‘m [Residential] Improved existing insulation
MDCEFEIR B 2 27 R L 23 2 = [Residential] Higher insulation in newly constructed housing
@[;E T A ] MR 3 E7 o SR L— S 3 e ) X X i
o D LA 05N o 2 25 SR [Residential] Photovoltaic power generation
@)[Com efCH%HUOdUC“O” of BEMS e Commercial] Improved insulation in existing buildings

t C | SREsTIENtiA A Fn” £
[Joint Commercia vasts Nos [Residential] Residential cogeneranon,/ﬂi]

- M - AR |

Incineration plant waste heat
(@[Commercial] Photovoltaic power generation

- @[Re5|dent|al] Household appllances efficiency |mpr0vements
.[Resuiennal] H|gh efficiency V\_/ater heaters .[Commerclal] ngher insulation in newly constructed buildings

—Fo. 000 mtmlm)\ H i i i iz
40060 aorsmcy S Y
zo. ouo e [t£Residential
s CO, Reduction potential (District A) Coe | Commercial Sector Share

VARG SE W\ SR L T )

Fig.6 District A’s marginal abatement cost curve
(payback time set at 70% of the measure lifetime)

In addition, by reflecting the NEB to Fig.6, as Fig.7 shows, the MAC becomes negative for
most measures (i.e., the benefits exceed the expenses over the payback time), and the average
measure cost is estimated at around ( +6,739 -> -20,006 yen/t-CO5).
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(@D[Commercial] Changes in work styles

(@[Residential] Changes in life styles Average Measure Cost
@[Residential] Heating and cooling efficiency improvements 6,739 yen/t-COZ
([Joint Commercial & Residential] Regional cogeneration _> _ 20,006‘ !en/t_coz
'_<'\1 @[Commercial] Photovoltaic power generation =
QO (3[Commercial] Use of solar thermal energy .
O Total CO, Reduction
—
= W 159,487 t-CO,/year
()
> //é
[l . EeEREr
[e— ]
O 0 - e - RGN
< :
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Fig.7 District A’s marginal abatement cost curve

(reflecting payback time set at 70% of the functional lifetime and NEB of each measure)
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4. Conclusion

To promote area-wide energy management, this study proposes the approach of using a
marginal abatement cost (MAC) from a middle-term and long-term perspective and
conducting cost-benefit ratio (B/C) calculations considering the non-energy benefits (NEBS)
generated from various carbon reduction measures. The findings are as below:

1) It was clarified that the CO, reduction potential of area-wide energy utilization and the
utilization of unused energy sources are much competitive measures in the marginal
abatement cost curve for a specific district. This was verified through a case study on
utilization of incineration-plant waste heat.

2) It is proposed that evaluation of the MAC for each measure should should be used to set
the payback time appropriately from the viewpoint of the middle-term and long-term
improvement of social capital, with consideration for the conditions under which the
technology is used. 70% of the functional lifetime of the measures is proposed as the
payback time. Through a case study, it was clarified that this improves the MAC
assessment for measures with high initial investments, such as improving building
insulation and area-wide utilization.

3) This study presents an approach to monetizing the non-energy benefits (NEBS) that result
from area-wide energy utilization, which can explain a higher B/C. This study also
proposes an approach to revising MAC through allocation of the NEBs to each measure,
and demonstrates through a case study how this results in the assessment of more of the
measures within the subject areas as economically promising.
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